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FOREWORD 

In conducting the research described in this report, the investigators adhered 
to the "Guide for Laboratory Animal Facilities and Care," as promulgated by 
the Committee on the Guide for Laboratory Animal Facilities and Care of the 
Institute of Laboratory Animal Resources, National Academy of Sciences - 
National Research Council. 
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SUMMARY 

The various subjects covered in this report are listed in the Table of Contents. 
Abstracts of the individual investigations are included on the DD Form 1498 in- 
troducing each work unit report, and names of investigators are given at tht be- 
ginning of each report. 
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23 (U) To define the epidemiology of hepatitis in military populations in order to 
establish methods for reducing disability from hepatitis. Emphasis is on developing 
and applying sensitive and specific methods for detection of hepatitis viruses/anti- 
gens and antibodies to determine host factors important in resistance to disease and 
infection In military personnel. 

24 (U) New methods for identification and antlgenlc analysis of hepatitis viruses are 
under development. The immune response of patients Infected with hepatitis viruses 
Is studied to define sensitive parameters of infection and to define factors critical 
in Inmunity. The epidemiology of hepatitis B in military populations Is defined. 

25 (U) 73 07 - 74 06 The standard commercial radioimmunoassay (Ausria) was found 
highly sensitive but not specific for HBsAg detection. False positive reactions were 
frequent in humans with antibody to guineapig proteins or with CPM less than 10 
standard deviations greater than controls. HBsAg was found in saliva and urine of 
Hepatitis B patients during the period of antigenemia. An Increased prevalence of 
Hepatitis B infections in family members of HBsAg carriers was shown. HBsAg from 
Hepatitis B patients at Fort Hood and USAREUR were nearly uniformly AYW, a subtype 
commonly associated with drug-related Hepatitis B epidemics. Preliminary data on the 
prevalence of Hepatitis B core antibody (anti-HBc) in hepatitis cases and HBsAg 
carriers at Fort Hood suggest that this antibody reflects current or recent Hepatitis 
B replication in humans. For technical report see Walter Reed Army Institute of 
Research Annual Progress Report, 1 July 1973 - 30 June 1974. 
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Description 

To define the epidemiology of hepatitis In military populations In 
order to establish methods for reducing disability from hepatitis. 
Emphasis Is on developing and applying sensitive and specific methods 
for detection of hepatitis viruses/antigens and antibody to determine 
host factors Important In resistance to disease and Infection. 

Progress 

I. Epidemiology of Hepatitis B Infection In military populations 

A. Field studies at Fort Hood 

1. Description of Hepatitis B outbreak 

Beginning In 1970 a sustained outbreak of Hepatitis B has 
occurred at Fort Hood, Texas. The incidence of hepatitis reached a 
peak of 19 cases/1.000 average strength/year In August 1972 (Fig. 1). 
This rate Is 10 times the average Incidence at Fort Hood prior to the 
onset of the outbreak and 5 times the CONUS rate. The outbreak was 
thought to be entirely related to Illicit drug abuse, but as described 
In another section (II-B) non-parenteral transmission may have 
accounted for possibly 25% of the clinical cases. Initial cases 
Included recent Vietnam veterans, but with time, the attack rate peaked 
long after the return of most Vietnam veterans. 

A relationship between food or water supply and hepatitis 
cases could not be established. No evidence of fecal contamination of 
the water supply could be documented. Clusters of cases were dis- 
tributed sporadically among the 4 military units (2nd Armor Division, 
1st Cavalry, 13th Support Brigade, and III Corps). The attack rate was 
highest among lower ranking enlisted personnel (Fig. 2). Many hepatitis 
cases had received disciplinary demotion and were overtly hostile to 
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Figure 1. Incidence of viral hepatitis In Army personnel at Fort Hood, 
Texas, and In Army personnel In the entire continental United States, 
April 1970 - May 1973 
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Figure 2. Incidence of viral hepatitis by military rank. Fort Hood, 
Texas, 1 January - 30 June 1972 
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military life In general. At least one-third of the cases admitted to 
using Intravenous drugs within the recognized Incubation period of 
Hepatitis B Infection. Sharing of wine and smoking "pot" were common 
habits among cases. 

2. Serologie survey of Fort Hood personnel 

A serologlc prevalence survey of post personnel was under- 
taken to: 

a) Determine the proportion of acute hepatitis cases 
admitted to Darnall Army Hospital which were Hepatitis B 

b) Define the prevalence of HBS Ag and ant1-HBs In randomly 
selected troop units and from units with clinical cases of hepatitis 

c) Determine the prevalence of HBS Ag and anti-HBs In 
populations at risk of acclrlng Hepatitis B Infection 

From Feb to Apr 1973, 38 consecutive hepatitis admissions 
to Darnall Army Hospital were studied for etiology. By both CEP and 
RIA. 17 (44.6%) were positive for HBS Ag. The 16 patients with antigen 
concentration sufficient for subtyplng weve all HBs Ag/AYW except for 1 
of ADW subtype. Of the 21 hepatitis patients without HBs Ag in acu'.e 
specimens, 3-month convalescent sera were obtained on 9 and 6 (66%) had 
developed ant1-HBs by PHA. Given the limitations of this study, it 
appears that current antigen and antibody assays can determine 
Hepatitis B etiology in over 80% of patients with acute HBV. 

Although the prevalence of HBs Ag in index case units is 
twice that of randomly selected units, this difference is not statisti- 
cally significant. There is little difference in the prevalence of 
anti-HBs in these groups (Table 1). 

Table 1 - Correlation of serologlc data (HBs Ag and anti-HBs Ag) with 
the presence of a hospitalized index case of acute Hepatitis 
B infection 

Combat troops        No. tested    HBs Ag+      Anti-HB, 

Index case unit 853       1.4%       15.6% 

Random control unit      1.042       0.7%       16.2% 
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AMEDD personnel had the same prevalence of HBS Ag and antl-HBs as 
randomly selected combat troops (Table 2).   A high prevalence of HBs Ag 
was found In the dental company which experienced a minor outbreak of 
Hepatitis B Infection with 6 cases of acute hepatitis being observed 
over a 10-week period.   It Is tempting to speculate that this subpopula- 
tlon outbreak Is related to work performed.   Dental personnel routinely 
worH without gloves In a field contaminated with blood; acquisition of 
HBs Ag might therefore be possible through a small break In the skin. 
Also, transmission could occur by aerosols of saliva containing HBS Ag 
created by high speed drills. 

Table 2 - Prevalence of HBS Ag and ant1-HBs In AMEDD personnel 

No. tested 

All AMEDD personnel 

Dental Co. 

1.863 

164 

HBs Ag^ 

.9« 

3.65« 

Antl-HBs 

15.6% 

15.2« 

Correlation of serologic data with questionnaire replies revealed 
that soldiers having OCONUS duty had a much greater prevalence of 
antl-HBs than those of the   same age without such   experience 
(x2 « 29 P< .001), Table 3.   No difference was found for HBs Ag.   No 
difference was found in the prevalence of HBs Ag or antl-HBs for factors 
such as quarters (on or off post), marital status, or history of blood 
transfusion (Tables 4 & 5). 

Table 3 - Prevalence of HBs Ag and anti-HBs based on history of over- 
seas active duty tour 

History of 
OCONUS tour HBS Ag+ Anti-HBs 

Yes 

No 

1.0« 

1.1« 

19.4« 

11.1« 

Adjusted for age (prevalence of anti-HBs is statistically significant; 
x2 « 29.0. P < .001) 
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Table 4 - Percentage of personnel anti-HBs+ and HBs Aq+ according to 
location of housing. Adjusted for age and history of OCONUS 

Table 5 - Correlation of serologlcal survey for HBs Ag and anti-HBs with 
marital status. Rates adjusted for age and history of OCONUS 
tour 

Marital status   % ant1-HBs Ag+ % HBS Ag
+ Number 

Single 

Married 

TOTAL 

15.8 

15.6 

16.0 

1.1 

1.0 

1.0 

1,377 

1.581 

2.958 

Soldiers admitting to having clinical hepatitis at some time In 
the past were more likely to have ant1-HBs than those not having 
hepatitis (Table 6). Of Interest Is the comparison of anti-HBs among 
health personnel and combat troops at Fort Hood, Texas. Young men 
(approximate age, 18-20 years) with no overseas experience have a preva- 
lence of anti-HBs comparable to officers entering the U. S. Army Medical 
Corps who are 8-12 years older. This serologlcal observation may 
possibly be related to the difference In socio-economic background of 
the respective groups. A similar notation has been reported by 
Cherubin et al. concerning the civilian populations In New York City 
(ghetto vs middle class vs wealthy). 

6 

Location of housing % with antl •HBS X with HBS Ag Number 

On post 17.9 1.0 1639 

Off post 14.1 1.1 1319 

TOTAL 16.0 1.0 2958 
■ 
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I 
Table 6 - Correlation of serum ant1-HBs with history of clinical 

hepatitis; x2c - 14.7,   P < .001 

Clinical 
hepatitis % with antl-HBs 

Number 
tested 

Yes 

No 

TOTAL 15.7 

54 

1,104 

1,158 

B. Prevalence of Hepatitis B antigen and antibody In military 
health personnel attending service schools at Fort Sam Houston 
(FSH), Texas 

The serologlc survey of health personnel at Fort Sam Houston 
(see WRAIR Annual Report 1973, pages 260-269) was expanded to encompass 
a broader base to study prevalence of HBS Ag and ant1-HBs. The survey 
Includes officers In the following Corps: MC, DC, VC, MSC, ANC and 
AMSC. Sera were obtained on various officers In these Corps who were 
attending advanced courses or entering military service. Sera were also 
collected on enlisted personnel entering the Army Medical Training 
Center, as well as those attending the various advanced technical 
schools at Fort Sam Houston. A summary of the survey appears In Table 
7. Differences between the prevalence of HBS Ag and antl-HBs 1n 
officers (0.56% and 3.3%) were not significantly different from enlisted 
personnel (0.32% and 5.8%). 

As previously noted, physicians entering the U. S. Army appear to 
have ant1-HBs (8.8%) more frequently than officers of other health 
profession Corps (4%). This Increase could be secondary to physician's 
Increased age and patient contact. More complete demographic data on 
officers entering the Army are presently being analyzed by computer. 
Current projects In this survey Include an attempt to rebleed all those 
who entered the survey In 1972 In order to estimate the acquisition 
rates for HBs Ag and/or ant1-HBs of health personnel on active duty for 
2 years. 

At present there are no further plans to continue bleeding FSH 
personnel. This project defined the prevalence of HBs Ag and antl-HBs 
In health personnel and may establish the risk to physicians and 
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health personnel of acquiring HBV Infections over a 2-year observation 
period. 

Table 7 - Prevalence of HBS Ag and ant1-HBs In officer and enlisted 
health personnel attending various schools at FSH, Texas, 
1973-74 

Summary of FSH survey for HBS Ag and antl-HBs, 1973-74 

Personnel: Number 
tested 

HBs Ag Antl -HBs 

RIA+ CEP+ Ad 
cells 

Ay 
cells 

Officers 

Enlisted 

2.688 

1,541 

15 

5 

9 

4 

90 

89 

87 

83 

C. Preliminary Investigation of Hepatitis B Infection In Germany 

Since Sept 1974 small numbers of sera from acute clinical 
cases of hepatitis hospitalized at USAH, Nuremberg, Germany, were 
forwarded by CPT Wlllard Gates, MC. In the past 24 months, USAH, 
Nuremberg, has admitted large numbers of hepatitis cases, reflecting a 
hepatitis epidemic In USAREUR. From the limited epldemlologlc data 
available, this epidemic seems comparable to the outbreak at Fort Hood, 
Texas, USA; In Germany, however, attack rates appeared to be higher 
(27/1000/year, as compared to peak attack rate at Fort Hood of 19/1000/ 
year), with greater than 100/1000/year In some combat units. Acute 
cases were predominately young, low-ranking white soldiers and were 
strongly associated with the Illicit use of drugs. A summary of sera 
on acute hepatitis cases from Germany Is recorded In Table 8. 

Initial CEP testing revealed marked differences In positive 
reactions between USAREUR and WRAIR labs. Subsequent coded panels of 
sera sent to 10th medical lab demonstrated close correlation of CEP 
results In USAREUR with WRAIR results. Based on crude data. It appears 
that the hepatitis B epidemic Is comparable to the experience at Fort 

■•■ - 
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Hood, Texas and other previously recognized Hepatitis B outbreaks In the 
military. Including Fort Bragg, fC In 1970, Camp LeJeune, '€ In 1970, 
and In Vietnam.       The USAREUR Hepatitis B rates, based on clinical 
disease, are the highest observed In the military.   Since Hepatitis B 
Infection appears to be a persistent and Important military medical 
problem, there Is a strong military requirement for research Into Its 
epidemiology, control and prevention.   Until a Hepatitis B vaccine Is 
available, the only possible methods of prevention are elimination of 
drug abuse or prophylaxis with hyperimmune B globulin.    Initial reports 
by Krugman(1971), Conrad (1972), and Prince (1974) suggest that there 
may be a protective effect against Infection by ganna globulin contain- 
ing antl-HBs.   Whether hyperlnmune gamma globulin would significantly 
protect against drug-Induced Hepatitis B In USAREUR can only be 
established In field studies. 

Table 8 - Results of testing 104 sera from USAREUR   cases of hepatitis 
by RIA & CEP 

Date No. tested No. CEP+ 
USAREUR Lab 

No. CEP+ 

WRAIR 
No. RIA+ 
WRAIR 

Sep 73 30 9 20* 21 

Dec 73** 40 28 28 28 

Apr 74** 34 NR 17 23 

TOTAL 104 65 72 

All but 3 specimen tested (of total 65 CEP4* sera) are HBs Ag/ayw; 
other: 2 adw, 1 adr 

** 
Specimen in transit from USAREUR 1 month at ambient temperature 

NR - No record of USAREUR test results sent 
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II. Clinical research of HBS Ag 

A. Specificity and sensitivity of radlolmmunoassay for Hepatitis B 
antigen 

Solid phase radlolmmunoassay (RIA) Is one of the most 
sensitive and convenient techniques for detecting Hepatitis B antigen 
(HBs Ag) In serum(Cossart, 1973). An unresolved problem In the use of 
this technique Is the level of radioactivity In counts per minute (CPM) 
that Is considered a positive test. A further difficulty has been 
reported recently by Sgourls (1973), Prince (1973), and Alter (1973), 
who have demonstrated that many sera which are positive by RIA but 
negative by counterelectrophoresls (CEP) are false positive reactions 
due to non-specific human antibody against guinea pig proteins used In 
the test system. Resolution of these problems Is required In order to 
avoid mlsclasslflcatlon of sera tested by RIA. 

The sera used In this study were obtained during a serologlc survey 
for HBc Ag which was conducted at Fort Hood, Texas during February and 
March 1973. The survey was part of an Investigation of an outbreak of 
viral hepatitis In soldiers (Section I A & B). Sera were collected 
from 6026 military and civilian tersonnel with no signs or symptoms of 
hepatitis. In addition, sera were obtained from 85 patients with acute 
hepatitis. 

The solid phase radioimmune assay for HBS Ag (Ausrla, Abbott) was 
performed as described by Ling and Overby. Briefly, 0.1 ml of serum to 
be tested was placed In plastic tubes coated with GP HB Ab and 
Incubated for 16 hours at room temperature. Each tube was washed with 
five 2-ml allquots of Trls (hydroxymethyl) amlnomethane buffer. After 
thorough aspiration of the remaining buffer from the bottom of the tube, 
0.1 ml of Ii25 labeled GP HB Ab, was added for 90 minutes at room 
temperature and the tubes were washed as described above and counted In 
a Model 1185 Searle (Nuclear Chicago) gamma counter. The manufacturer's 
negative control serum was dispensed 10 times Into separate tubes and 
processed as above for all runs. 

All sera positive by RIA (I.e.. CPM >BSD above the mean of 10 
replicates of the negative control) were tested In counterelectro- 
phoresls against rabbit ant1-HBs. All CEP'*' sera were checked for 
HBs Ag specificity by immunodiffusion against rabbit HBs Ab and stan- 
dard HBs Ag. CEP+ sera were considered HBs Ag+ if lines of identity 
with standard HBs Ag were obtained. Sera positive by RIA but negative 
by CEP were analyzed for specificity to HBs Ag by means of the following 
absorption test: 0.1 ml allquots of the serum to be tested were incu- 
bated at room temperature for 2 hours with 0.025 ml of each of 4 
absorption sera, normal guinea pig serum, guinea pig anti-HBs, normal 
rabbit serum, and rabbit anti-HBs.  In addition, duplicate allquots 
were run without absorption. Following incubation, 0.1 ml of the 
absorbed serum was pipetted into Ausrla tubes and processed as above. 

ID 
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Since rabbit and guinea pig antl-HBs In preliminary tests routinely 
decreased radioactive counts of CEP positive sera by 80% or more. RIA 
positive, CEP negative sera showing a decrease In CPM In excess of 80% 
with rabbit or guinea pig antl-HBs, but not by normal rabbit or guinea 
pig sera, were considered specific for HBs Ag. 

The sera obtained from 6026 asymptomatic subjects at Fort Hood were 
tested for HBs Ag by RIA and CEP (see Table 9). According to one's 
choice of three recommended criteria for RIA-test posltlvlty (Ginsberg 
1972, Ling 1972), RIA was 2.2, 2.5, or 3.2 times more "sensitive" than 
CEP (positive RIA test: > 3 S.D., 5 S.D. above mean, or > 2.1 times 
mean, respectively). 

Table 9 - Hepatitis B antigen posltlvlty In sera from 6026 asymptomatic 
people using RIA and CEP 

Test results Subjects : 

CEP RIA No. % 
1 
■ 

Positive CPM > 3 SD 48 0.79 ' 

Negative CPM > 2.1 X M 56 0.93 

Negative 2.1 X M >CPM >5 SD 15 0.25 

Negative 5 SD >CPM >3 SD 33 0.55 

TOTAL 152 2.52 i 

Key: SD * standard deviations above the mean of the negative control 

XM ■ times the mean of the negative control; CPM = radio activity 
In counts perminute 

The 152 sera which were positive by RIA were tested for specific 
reactivity for HBs Ag. Each of the 48 sera which were positive by CEP 
as well as by RIA gave preclpltln lines of Identity with HBs Ag 
standards used for subtyplng with rabbit antlsera. 

ll 
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Absorption tests were performed to determine the specificity of RIA 
positive, CEP negative sera for HBS Ag. The sera were classified as true 
or false positives according to the following criteria: True positive, 
s^ra showing an 80 percent or more decrease In CPM after absorption with 
guinea pig or rabbit antl-HBs but not with normal animal sera; false 
posltlve-antlgulnea pig protein, - sera blocked by normal guinea pig 
serum; and Indeterminate false positive, - sera Inhibited by neither 
specific ant1-HBs nor by normal animal sera. The latter form of false 
positive was labeled "Indeterminate" because Its mechanism Is unknown, 
whereas the former was referred to as "antlgulnea pig protein" to Indi- 
cate non-specific reactivity to guinea pig protein used in the test. 
Examples of the results obtained after absorption testing, together with 
their Interpretation, are shown In Table 10. 

Using the criteria outlined above. 68 (44.8%) of the 152 RIA- 
posltlve sera were classified as true positives, 10 (6.6%) were false 
positives - anti-guinea pig protein, and 74 (48.6%) were Indeterminate 
false positives. Fifty-five (74%) of the sera classified as Indetermi- 
nate false positives had radioactivity counts between 3 SO units above 
the mean and 2.1 times the mean of the negative control. The counts in 
this range were too low to yield conclusive results with absorption 
tests. Fourfold concentration of 6 of these sera failed to resolve the 
problem, primarily because the counts did not show a proportionate 
increase with concentration. 

Four RIA-positive, CEP negative sera with radioactivity counts 
greater than 20 SO units above the negative control mean were not 
inhibited by animal sera containing antl-HBs against subtype 0 revealed 
significant Inhibition (Table 11). 

There was a correlation between the degree of elevation of radio- 
activity counts found on RIA testing and the proportion of tests 
classified as true or false positives after absorption tests (Table 12). 
The higher the counts in SO units above the mean of the negative 
control, the more likely were the sera to be truly positive. All of 
the 49 sera with counts above 50 SO units were classified as true 
positives, while only 19 (18.4%) of the 103 sera with counts between 3 
and 50 SO units were so classified; 72% of the true positive sera had 
CPM in excess of 50 SO units. 

The sensitivity and specificity of the RIA test for HBS Ag in sera 
obtained from asymptomatic people was compared to that in sera 
obtained from patients with acute hepatitis (Table 13). As compared to 
the results of CEP testing, RIA appeared to be relatively more sensl 
tive in asymptomatic individuals than in patients; however, the 
difference was not statistically significant (x2 * 0.5 P > .M), and 
the increase in sensitivity over CEP for patients as well as asywpto- 
matics was 27%. No non-specific reactions for HBS Ag occurred In 
patients. 

12 
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Table 11 - Selective Inhibition of an RIA positive, CEP negative serum 
by hepatitis B antibody specific for subtype D 

Absorption serum Counts per minute 

None (unabsorbed) 

Normal gulneaplg serum 

Gulneaplg antl-HBs 
Y specificity 

Gulneaplg ant1-HBs 
D specificity 

5554 

5864 

3174 

630 

Table 12 - Frequency distribution of absorption - tested sera according 
to the counts obtained in RIA for hepatitis B antigen 

Counts 
mean) 

True 
positives 

False positives 

(SD's above Antiguineapig protein I ndetermlnatc 

3- 2 (2.9) 0  - 31 (41.9) 

5- 6 (8.8) 2 (20.0) 24 (32.4) 

10- 1 (1.5) 6 (60.0) 11 (14.9) 

20- 10 (14.7) 2 (20.0) 8 (10.8) 

50- 27 (39.7) 0  - 0  - 

100- 12 (17.6) 0  - 0  - 

200- 

TOTAL 

10 (14.7) 0  - 0  - 

68 (100.0) 10 (100.0) 74 (100.0) 

Note: Figures in brackets represent percentages of total. Positivity 
criterion of the manufacturer (i.e., 2.1 times mean) ranged 
between 4.4 and 13.6 SD units on 38 runs, and averaged 8.3 SD 
units 

u 

14 

iijäkJLM*i.~M~~± .  .J-^J.^.-^.J..   , ,,.».^_.. —.,-,..^-^.TH^M ...-—^w-w... -1..,..-i: --..-.,--^■.,,-„, -■-■'-'" ■^**-a*^i***'*!.^^ .     -....^. ......f..^.....    ■..■■, 



|^piW>.ip>p,^iBjP^i;;^^ ■ 

J 
Table 13 - Sensitivity and specificity of RIA for hepatitis B antigen 

In sera from 85 hepatitis patients and from 6,026 asympto- 
matic people 

Number 
patients 

Number 
Asymptomatlcs 

True positives: 

RIA{+), CEP(+) 

RIA(+). CEP(-) 

TOTAL 

30 

8 

(38) 

48 

20 

(68) 

False positives: 

Antl-gulneaplg protein 0 10 

Indeterminate 0 74 

The solid phase RIA is reported to be up to 500 times more sensi- 
tive than CEP in detecting HBs Ag in serial dilutions of known positive 
sera (Cossart, 1973). Used as a screening test in blood donors, RIA 
has detected as many as 10 times the number of positives detected by 
CEP (Prince, 1973). Recently, most of this apparent difference in 
sensitivity has been found to be due to non-specific reactions to guinea 
pig and other proteins in the test system (Alter, 1972) and revised 
estimates of sensitivity now Indicate that RIA will detect only 2 to 3 
times the number of "true positives" as CEP. Our results suggest that 
the actual difference in sensitivity is much more modest, being only on 
the order of one-quarter greater than CEP. Whether the discrepancy 
between our results and those of others is due to differences in tech- 
nique, or in populations sampled, remains to be determined. 

Abboi:t Laboratories has recently modified the RIA kit by adding 
guineapig serum to the radioactive labeled anti-HBs (Leers, 1973). By 
this step it is hoped that the problem with non-specific reactivity to 
guineapig protein will be overcome. Although we have had limited 
experience with the new test system, the data in this report suggest 
that Its use would have resulted in only a 10% decrease In the number of 

; 
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false positives detected by RIA. 

The majority of false positives reactions appear to be what we have 
called "Indeterminate false positives." The exact cause of this reaction 
Is unknown, but It Is presumably due to other serum components within 
the test system. In this survey none of 49 asymptomatic subjects whose 
sera were Initially classified as Indeterminate false positive had 
abnormal test results when rebled 3 months later; while. In contrast, 
each of 7 subjects who were classified as antl-gulneaplg false positive 
was RIA positive 3 months later, and 28 (90%) of 31 true positive 
asymptomatlcs were again RIA positive after 3 months. These findings 
Indicate that the factors responsible for Indeterminate false positive 
tests were transient In their occurrence, and may be due to temporally 
associated phenomena In the host or In the test system. A new, as yet 
unlicensed, RIA test from Abbott appears to significantly decrease this 
second type of false positive reaction by altering time and temperature 
of Incubation (Personal communication, Abbott Labs). 

Absorption tests may occasionally reveal that sera which are 
strongly positive by RIA but negative by CEP cannot be inhibited either 
by normal guineapig serum or by guineapig anti-HBs. In this study and 
in at least one other (Cossart, 1973) the cause was found to lie in 
subtype specificity of the anti-HBs used in the inhibition tests. Sera 
containing subtype Y may be missed unless subtype specific antisera are 
used; most commercial anti-sera are usually satisfactory for subtype D 
(Cossart, 1973). RIA positive, CEP negative sera with relatively low 
radioactivity counts (CPM ^. 2.1 times mean) are difficult to subtype by 
absorption-inhibition testing because of weak reactivity. However, 
when Inhibition of sera with elevated CPM can be obtained by anti-HBs 
differing specificities (antl-ayw vs anti-adw), it is possible to con- 
firm not only the presence of HBs Ag but to suggest that the individual 
serum was of the subtype inhibited by the appropriate anti-HBs. 
Theoretically, it may be possible to distinguish HBS Ag determinants W 
and R by this method (Bancroft, 1972). 

For research purposes, our laboratory uses 3 SO units above the 
mean on 2 different occasions as the criterion of a positive RIA test. 
Sera that are negative by CEP then undergo absorption tests for specifi- 
city. However, as demonstrated in Table 13, the results of specificity 
testing can largelv be Inferred from the RIA test itself: high radio- 
activity counts ( > 50 SD above the mean) provide reasonable assurance 
that the serum is a true positive, whereas low counts (^ 20 SD above 
the mean) indicate the strong probability that the serum is a false 
positive. 

With serially diluted CEP+ sera, HBS Ag can be routinely detected 
out to the level of 10-4 of 10-S using 3 SO above the mean as indica- 
tive of HBs Ag. However, an individual serum obtained from a clinical 
source having CPM equal to points on a standard HBs Ag titration curve 
cannot be assumed to contain HBs Ag without specificity testing. 
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The need for further evaluation and refinement of the RIA test for 
HBS Ag Is obvious. However, It remains the most sensitive of the 
available tests, and the problems of specificity can be overcome by 
means of appropriate procedures. 

B. Comparison of Hyland and Abbott radioimmunoassay test 
HBs Ag 

ror 

The anticipated advantages of increased sensitivity in HBs Ag 
detection has given rise to a variety of RIA tests. The only licensed 
test, Ausria RIA (Abbott) employs guineapig anti-HP-.. Hyland Labs have 
developed an RIA test which uses goat anti-HBs. A comparison of these 
2 RIA kits against a panel of HBs Ag sera at WRAIR was undertaken. The 
procedure for the Ausria test has been described elsewhere (Section 
II-A). The method for the Hyland RIA test is described in pages lo-15 
of the Hyland Manual. The advantages of the Hyland test are mainly in 
the conservation of time required for completion of the test (four hrs 
vs 20 hrs for Abbott test). 

A summary of the serum panel tested is listed in Table 14: 

Table 14 - Summary of Abbott vs Hyland RIA test for HBs Ag 

Abbott Hyland 

A positive control (HBs Ag+) 

B positive control (HBs Ag+) 

2/3 positive 

3/3 positive 

0/3 positive 

3/3 positive 

WRAIR samples: 

HBs Ag positive by CEP+ 

RIA+ (Ausria) (CEP-) 

Abbott negative control 

Abbot false positive 

17/17 positive 

5/5 positive 

0/10 positive 

1/1 positive* 

17/17 positive 

4/5 positive 

3/10 positive 

0/1 positive 

** 

Not inhibited by specific anti-HBs 

Positive values of Abbott negative control serum fall into ratio 
range 2.0-2.6 
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In general there appears to be a difference In detecting HB« Ag. 
The Hyland RIA test did not detect the A positive control (Hyland 
control) nor 1 RIA+ (Ausrla), CEP- serum. 

The Hyland kit did not Identify the one serum known to be false 
positive by Ausrla. Hyland detected with greater sensitivity than 
Ausrla Its own coded sensitivity panel, a dilution curve of HBs Ag. 

Since this panel was done, Hyland has modified Its antl-HBs to 
contain 20% normal goat serum which will hopefully eliminate nonspecific 
reactions to goat protein. Further testing of the Hyland test Is In 
order before routine use can be advocated. 

C. Detection of antl-HBs by passive hemagglutination (PHA) and 
radlolmmunoassay Inhibition (RIAI) 

PHA (Vyas 1970) Is a rapid and sensitive method for detecting 
antl-HBs. The presence of antl-HBs Is determined by agglutination of 
human type 0 erythrocytes coated with HBs Ag/adw or ayw subtype In the 
presence of antibody. Advantages In sensitivity are outweighed by the 
expense of the assay and the short half-life of coated erythrocytes 
(less than 3 days). With the development of sensitive methods for 
detecting HBS Ag (I.e., RIA), It appeared that a comparably sensitive 
assay for antl-HBs might be made by Inhibiting standard quantities of 
HBs Ag (RIAI) (Bancroft 1973). 

A comparison between PHA and RIAI of the sensitivity for detecting 
antl-HBs was made from a serum panel Identified as having antibody by 
PHA. As previously noted, when screening large numbers of sera by PHA 
with red cells coated with either HBs Ag/adw or HBs Ag/ayw, 2 types of 
reactions were observed:  1) Most sera agglutinate red cells labeled 
with either adw and ayw HBs Ag (Table 15); and 2) Some sera agglutinate 
only one type of cell. A sample of these sera were titered to an end 
point by PHA. The same sera were then diluted 2-fold serially and 
prelncubated with standard HBs Ag of ayw or adw subtype.  A 50% or more 
recuatlon In counts per minute of HBs Ag prelncubated with serum con- 
taining antibody bv PHA as compared to controls (a dilution correction 
factor was applied) was taken as evidence of antl-HBs. Table 15 com- 
pares the sensitivity of PHA to RIAI for detecting antl-HBs using 2 
different concentrations of HBs Ag in RIAI. The RIAI test proved less 
sensitive than PHA for detection of anti-HBs. 

Tested were 15 sara that had titers of anti-HBs by PHA ranging 
from 1:32-1:4056 against ayw coated red cells and 1:16-1:4056 to adw 
coated red cells. Only 4 of the 7 sera with PHA HBS Ag/ayw titers 
^512 showed anti-HBs by RIAI and but one of 8 sera with a PHA titer 
< 512 had antibody by RIAI. Comparable results were obtained when the 
same sera were run against HBs Ag/adw. 
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Table 15 - Detection of anti-HBs by PHA and RIAI 
1 —' 

Serum 
number 

RIAI 
HBS 

1:50 

titer* 
Ag/ayw 

1:100 

PHA titer 
ay 

red cells 

RIAI titer* 
HBs Ag/adw 

1:50            1:100 

PHA titer 
ad 

red cells 

F-4 1:4 1:4 :32 0 0 1:16 

F-49 0 1:4 :1024 1:8 1:16 1:512 

F-52 0 0 :128 0 1:8 1:256 

F-80 0 0 :32 0 1:4 1:1024 

F-93 C 0 64 0 1:8 1:2048 

F-96 0 0 512 0 0 1:128 

F-123 1:8 1:16 :1024 1:64 1:128 1:4056 

F-143 0 1:4 128 0 1:8 1:2048 

F-180 0 0 256 1:4 1:8 1:512 

F-188 1:8 1:16 4056 1:16 1:64 1:1024 

F-189 0 0 2048 0 0 1:128 

F-200 1:8 1:16 4056 1:32 1:64 1:4056 

F-204 0 0 256 0 0 1:256 

F-212 1:8 1:16 4056 1:16 1:32 1:1024 

F-220 0 0 128 0 1:4 1:4056 

Dilution of HBS Ag used 

Sera that agglutinated only one type of HBSh;gcoated red cells 
(adw oJayw) showed anti-HBs only to the same subtype of   HBs Ag by 
RIAI. 

D,    Detection of antibody to Dane particle cores 

Recently a second antigen-antibody system differing from 
HBs Ag has been described for HBV; the antigen is the core antigen of 
Dane particles (Almeida 1971).   A complement fixation test to detect 
anti-HBr (anti-core antigen) has been developed by Hoofnagle (1973) at 
the National Institutes of Health.   A small panel of sera from acute 
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hepatitis cases at Fort Hood, Texas» has been tested by CF for the 
presence of anti-HBc.   A summary of this work is listed in Tables 16 and 
17.    Paired acute and convalescent sera of 10 HBs A9+ and 5 HBs Ag- 
hepatitis cases were tested.   Eight of 10 soldiers with hepatitis and 
HBs antigenemia had detectable anti-HBc during their acute Illness; 
three months following acute illness, when HBs Ag was no longer detec- 
table by RIA. all 10 had anti-HBc    Five of the 8 with anti-HBc in 
acute serum had a 4-fold or greater drop in their titer at three months. 

Table 16 - Anti-HBc detection in Fort Hood hepatitis cases with only 
acute serum specimens 

HBs Ag+ 
serum no. 

Anti-HBc 
titer 

3-mo. conva- 
lescent serum 

Anti-HBc 
titer 

69 1:4 A-83 1:16 
452 1:11 A-88 1:4 
480 1:32 A-94 1:64 
172 1:256 A-102 1:64 

145 1:512 A-106 1:128 
60 1:1024 A-107 1:512 
44 1:256 A-113 1:32 

155 1:4 A-115 1:32 

491 1:2048 A-124 1:4 
33 1:512 

AC* 

A-128 

A-103 

1:16 

HBs Ag- 
serum no. 

46 1:4 

499 AC A-108 AC AC 

130 1:400 A-109 AC 1:8 

66 AC A-llO 4:0 

179 1:16 A-m 1:16 

Serum anticomplementary 
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Table 17 Ant1-H6c detection In Fort Hood hepatitis cases with only 
acute serum specimens 

HBS Ag+ HBs Ag- 

Serum 
number 

Core Ab 
titer 

Serum 
number 

Core Ab 
titer 

2204 512 2311 1:256 

2205 256 2316 m 

2206 4 2318 AC 

2209 1024 2324 - 

2214 256 2328 m 

2223 2048 2330 1:16 

2228 4 2333 - 

2231 32 2334 1:32 

2242 256 2335 - 

2243 256 2336 1:128 

In an additional 10 patients with Hepatitis B (and only acute serum 
available for testing), 8 had detectable ant1-HBc In acute serum.    In 
this small sample, 16 of 20 Hepatitis B patients with antlgenemla had 
ant1-HBc. 

Of 15 HBS Ag- acute hepatitis cases (10 only single specimen), 5 
had antl-HBc.   Four additional people had antl-complementary activity. 
Convalescent sera from five acute hepatitis cases without HBs Ag or 
antl-HBc In acute sera were tested for antl-HBc and an additional 2 
people had antl-HBc 3 months after hepatitis onset. 

These preliminary findings suggest that antl-HBc tests In combina- 
tion with assays for HBs Ag and ant1-HBs may provide Increased sensi- 
tivity 1n etlologlc diagnosis of HBV. 

A comparison of HBs Ag+ and - soldiers with acute hepatitis at Fort 
Hood revealed no difference In levels of SGOT or blllrubln of an 

average hospitalIzatlon duration of 28 vs 18 days, respectively. 
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E.    Studies of HBS Ag carriers 

1.   Hepatitis Bs antigen and antibody In families of asympto- 
matic HBs Ag carriers 

In order to define the risk of Hepatitis B Infection In 
close contacts of an asymptomatic carrier of HBs Ag, a serologlc survey 
of family contacts of carriers Identified at Fort Hood, Texas was 
undertaken.   There was a high prevalence of hepatitis B infection In 
family contacts as compared to controls (Table 18).    Presumably, the 
acquisition of HBs Ag In families of carriers Is by other than the 
parenteral route.    In view of the high prevalence of HBV infections In 
family members of asymptomatic HBs Ag carriers, it is recommended that 
they be tested for HBs Ag and anti-HBs.   Those with HBs Ag should be 
evaluated by liver function tests and liver biopsy is indicated if 
persistent abnormalities are noted. 

Table 18 - Hepatitis B infection in fümilies of HBs Ag carriers and 
controls 

r?nrier families     Control families 

Number SPOUSES tested: 

With HBs Ag 

With anti-HBs 

With past history of hepatitis 

17 

0 

10 

2 

11 

0 

2 

2 

Number CHILDREN tested: 

With HBs Ag 

With anti-HBs 

With past history of hepatitis 

35 

2 

4 

4 

22 

0 

1 

0 
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2.   Viral antibody titers In asymptomatic HBS Ag carriers, 
Hepatitis B cases, and normal controls 

The Immunologie mechanism responsible for persistent HBs 
antigenemia is still an enigma.   Patients with known defects in their 
immune system (those with lymphatic malignancies, leukemia, renal 
dialysis patients, etc.) have a high prevalence of antigenemia.   A 
possible reason for the carrier state is related to immunosuppresslon 
due to the underlying disease and/or Its treatment. 

Some people, however, carry HBs Ag in their blood chronically 
without evidence of any clinical disease and with entirely normal liver 
functions.    Preliminary work with in vitro systems measuring T-cell 
(Thymus) function indicate that a defect in cellular Immunity (CMI) may 
be Important in the pathogenesis of the asymptomatic carrier (Yeung, 1971; 
Dudley, 1972; Smith, 1971).   The CMI defect, however, is not total anergy 
because of normal in vivo response to classical skin test antigens 
(mumps, trichophyton, Monilia and streptokinase, streptodornase (Irwin, 
1972, unpublished data). 

In an effort to determine if HBs Ag carriers differed from normals 
in antibody response (B-cell) to common viruses, a survey of asympto- 
matic HBs Ag carriers. Hepatitis B patients and normal controls was 
undertaken at Fort Hood.    A standard complement fixation test was used 
to measure antibody titers to cytomegalovirus. Herpes simplex. Varicella, 
mumps, Rubeola, respiratory snycytial virus, mycoplasma, influenza A 
and B, adenovirus and lymphogranuloma venereum.    As shown in Table 19 
there was no difference in the distribution of CF antibody titers among 
the groups. 

Thus, it would appear that asymptomatic HBs Ag carriers have a 
distribution of antibody titers to common viral antigens similar to 
control patients.   Therefore, If asymptomatic carriers are immunologi- 
cally tolerant to HBs Ag, the tolerance is very narrow and possibly 
limited only to HBs Ag since their immune response to other viruses as 
measured by CF antibody titers is normal. 

F.   Detection of Hepatitis Bs Ag in saliva, urine and stool 

Hepatitis B antigen (HBs Ag) has been detected in random 
samples of various body fluids, excretions, or secretions including 
saliva (Ward, 1972), urine (Tripatzis, 1971; Apostolov, 1971; Ogra, 
1973), stool  (Grob, 1971), seminal fluid, breast milk and menstrual 
blood.    Since Ingestion of serum containing HBs Ag has been shown to 
transmit Hepatitis B infection orally (Krugman, 1967), the presence of 
HBs Ag in these fluids implies the potential for transmission of 
Hepatitis B virus (HBV) by the non-parenteral route.    The purpose of 
this survey is to determine the excretion of HBs Ag in saliva, urine, 
and stool of acute hepatitis cases and asymptomatic HBs Ag carriers for 
excretion of HBs Ag. 
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Table 19 - Viral antibody liters In acute hepatitis B cases, asympto- 
matic carriers and controls 

L. 

Virus 
C u m u 1 a t 1 v e % 

4 4 8 16 32 64 

CMV: 

Hepatitis B 47.6 32.3 61.8 90.3 100.00 - 

Control 29.5 38.5 61.2 88.2 100.00 - 

Carrier 31.2 37.4 62.4 90.5 100.00 

HERPES: 

Hepatitis B 38.0 42.7 47.4 71.2 95.0 100.00 

Control 34.0 36.2 40.7 58.8 97.4 100.00 

Carrier 18.7 28.0 34.2 56.0 96.6 100.00 

MUMPS: i 

Hepatitis B 47.6 52.3 90.3 100.00 - . 

Control 38.6 56.7 79.4 95.3 - 100.00 

Carrier 37.5 68.7 84.3 93.6 - 100.00 

RUBEOLA: i 
Hepatitis B 14.3 42.8 76.1 95.1 100.00 - 

Control 29.5 47.6 74.6 92.7 97.2 100.00 

Carrier 21.8 59.3 87.4 96.7 100.00 

MYCOPLASMA: ■ 

Hepatitis B 38.0 71.3 95.1 100.00 - - 

Control 56.8 77.2 95.3 100.00 - - 

Carrier 59.3 71.8 96.8 - 100.00 - 

Cont'd on next page 
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Table 19 - Cont'd 

LGV: 

Hepatitis B 33.3 71.3 100.00 - " 

Control 

Carrier 

40.4 

46.6 

64.2 

73.2 

85.6 

89.8 

100.00 

96.4 - 100.00 

VARICELLA: 

Hepatitis B 

Control 

57.1 

23.8 

76.1 

61.9 

95.1 

88.0 

100.00 

92.7 100.00 - 

Carrier 23.3 59.9 89.9 93.2 100.00 

RESPIRATORY SYN: 

Hepatitis B 

Control 

33.3 

19.5 

80.9 

50.5 

95.2 

93.3 

100.00 

98.0 100.00 - 

Carrier 26.6 53.2 89.8 96.4 100.00 

INFLUENZA B: 

Hepatitis B 4.8 38.1 80.9 100.00 " 

Control 9.0 54.4 93.0 97.5 100.00 

Carrier 9.3 43.6 84.2 100.00 

AOENOVIRUS: 

Hepatitis B 19.0 57.0 90.3 100.00 — 

Control 20.4 52.2 84.0 100.00 

Carrier 21.8 53.0 90.5 100.00 

INFLUENZA A: 
23 8 66.6 85.6 100.00 

Hepatitis B 

Control 

Carrier 3.1 

13.4 

15.6 

36.1 

37.4 

86.1 

81.1 

100.00 

96.7 100.00 

Öul! ?ort(l^ leSn.Tnd Alter Reed General Hospital. 
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Washington, D. C; (2) Patients hospitalized on the orthopedic service 
and non-hospitalized military personnel without hepatitis served as 
controls; (3) Asymptomatic carriers of HBs Ag, all of whom had normal 
liver function tests and persistent antlgenemla for at least 3 months. 

Approximately 5-10 mis of saliva, and 100 mis of first morning 
urine were collected twice a week on all hepatitis cases and controls 
during the course of hospitalIzatlon.   A stool specimen was obtained 
once a week.   Saliva and urine samples were collected In sterile 1 and 
4 ounce jars respectively and stored at -20oC until the time of testing 
for HBs Ag.   In 6 hepatitis patients, 24-hour urine collections were 
obtained.   Blood was collected from all patients, carriers and controls 
studied and the serum stored at -20oC.   Convalescent samples of blood, 
urine, and saliva were obtained on most acute hepatitis cases approxi- 
mately 3 months later.   Reagent strips (Blll-Labstlx-Ames Co.) were used 
to detect blood In saliva and urine.   Hematest tablets (Ames Co.) were 
used for testing for blood In stool. 

Because HBs Ag was not found In any unconcentrated urine samples, 
morning urine samples (100 ml) were concentrated 100 times by filtra- 
tion across PM 30 Amlcon membranes.   Following the concentration proce- 
dure the supernate as well as a 1-2 ml eluate of the PM-30 membrane 
were stored at -20oF until testing for HBs Ag.    Twenty-four hour urine 
samples were concentrated 250-500 times over a single membrane and 
processed as above. 

Stool samples (20 6ms) were homogenized in 100 ml of Tris buffer 
and then concentrated 100 times as above.   Aliquots (.2 cc) of super- 
natant and eluates were adjusted to a pH of 2.0 with HC1, since prelimi- 
nary tests with acid treatment of stool with added serum containing 
HBs Ag+ tended to increase the counts per minute of HBs Ag recovered. 
Both acid treated and untreated concentrated samples were tested f^r 
HBs Ag. 

Aliquots (0.1 ml) of concentrated urine and stool specimens ana 
unconcentrated saliva and serum samples were processed as described for 
serum by radioimmune assay (RIA) using the Aus» ia test kit.    Saliva was 
not concentrated because of limited quantities.     HBs Ag positive 
controls of saliva, urine, and stool were made by diluting counterelec- 
trophoresis (CEP) positive HBs Ag sera (10-1  - 10-6) in the respective 
material obtained from normal individuals without antlgenemla.   For 
each experiment, in addition to these dilution curves, 10 replicates of 
an HBs Ag necative control of saliva, concentrated urine, or stool 
were includec.    A specimen yielding counts per minute (CPM)> 5 
standard deviations above the mean of the 10 replicates of the appro- 
priate control was considered to be a positive test.    Because false 
positive RIA reactions have occurred with the RIA test (Sgouris, 1973; 
Prince, 1973; Alter, 1973), all samples> 5SD were tested for specificity 
by an inhibition test using antibody to surface antigen (anti-HBs) made 
in guineaplgs and rabbits to purified HBs Ag. 
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HBS Ag was detected In the saliva of 25% of patients with acute 

HBs Ag+ hepatitis, 34% of asymptomatic HBs Ag carriers, and in one case, 
5t, of acute hepatitis without demonstrable antigenemia.   This latter 
patient had HBV infection confirmed by anti-HBs rise in convalescent 
serum (Table 20).    Because of limited volumes of saliva, only uncon- 
centrated samples of saliva (0.1 ml saliva) were tested.   The lack of 
correlation between HBs Ag and detectable blood in Individual saliva 
specimens is shown in Tablt 21. 

Table 20 - Detection of HBs Ag in unconcentrated saliva by RIA 

Group Serum 
No. HBs Ag+ 

No. tested 

Number 
samples 
tested 

No. with 
HBs Ag 

Acute hepatitis HBs Ag+ 5/20 84 12 

HBs Ag- 1/20 66 1 

Asymptomatic carriers HBs Ag+ 14/41 41 14 

Non-hepatitis patients HBs Ag- 0/35 82 0 

Healthy controls HBs Ag- 0/77 77 0 

Table 21 - Relationship between salivary HBs Ag and blood in individual 
specimens from 61 antigenemic persons 

1 

Saliva HBs Ag 
detected 

HBs Ag not 
detected Total 

Blood detected 16 59 75 

Blood not detected 10 40 50 

TOTAL 26 99 125 

* Blood was detected in 43/92 HBs Ag negative control specimens from 45 
people. 
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Using 100 X concentrations of urine, positive RIA tests were ob- 
tained from 26 of 63 (41%) people with HBs Ag with acute hepatitis and 
asymptomatic carriers (Table 22). Five of 105 control subjects (4%) 
also yielded a positive RIA test. Specificity for HBs Ag generally was 
not commonly confirmed on 100 ml concentrated urine samples because of 
low counts per minute (CPM); only 7 of the 26 positive samples were 
Indeed confirmed as HBs Ag. However, when 24-hour urine collections 
from one of three antlgenemlc patients tested were concentrated 500 X, 
specificity for HBs Ag was confirmed In one patient with positive urine. 
Blood or greater than a trace of protein were not detected In any urine 
samples. HBs Ag detected had normal BUN levels. 

Table 22 - Presence of HBs Ag in concentrated samples of urine by RIA 

Urine samples Serum 
No. with RIA 

No tested 

First morning urine 
concentrated 100 X: 

Acute hepatitis HBs Ag+ 

HBS Ag- 

Asymptomatic carriers HBs Ag+ 

Patients HBs Ag- 

Healthy controls HBs Ag- 

24-hr. urine samples 
concentrated 500 X; 

HBs Ag 
N0#  specificity 

samples confirmed 

tested positive RIA 
test 

4/20 73 0/6 

1/18 65 0/1 

7/43 45 7/19 

5/35 70 0/5 

0/67 67 0 

Acute hepatitis HBs Ag+ 

HBs Ag- 

1/3 

0/3 

12 

12 

5/5 

0 
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Table 23 lists the presence of HBS Ag in stool.   Although 5 of 19 
stool samples from patients with hepatitis gave positive RIA tests, 
they could not be confirmed as HBs Ag due to low CPM.   A comparison of 
the CPM by RIA of serial 10-fold dilutions of known HBs Ag+ controls 
(made by diluting CEP+ HBs Ag in normal saliva, urine, or stool) to 
clinical samples of saliva, urine and stool from antigenemic people, 
revealed that CPM for concentrated urine and stool clinical samples 
were low and located in the range of 10-3 to 10-4 points on the HBs Ag 
dilution curve.   HBs Ag was found in unconcentrated clinical saliva 
specimens. 

Table 23 - HBs Ag in stool by RIA 

Serum Number 
people 

Number 
samples 

Number 
HBs Ag+ 

Acute hepatitis HBs Ag+ 7 11 2* 

HBs Ag- 4 5 3* 

Asymptomatic carriers HBs Ag+ 3 3 0 

Normal controls HBs Ag- 5 5 0 

Specificity for HBs Ag by RIA not confirmed due to low CPM.    No 
blood found in stool. 

There was no definite correlation of HBs Ag in saliva, urine or 
stool with antigenemia during the course of hospitalizatlon.   This 
probably is due to the sporadic detection of antigen in sequential 
saliva, urine and stool specimens as shown In Table 24. 

Samples of blood, urine and saliva were obtained on 11 of 20 anti- 
genemic individuals approximately 3 months after onset of hepatitis B. 
HBs Ag was detected in the blood of only one individual at that time and 
in the saliva of another person, but not in any urine specimen.    From 
9 of 20 acute hepatitis cases without HBs Ag studied 3 months into con- 
valescence, HBs Ag was not detected in any samples of blood, urine or 
saliva though 6 'lad developed anti-HBs by passive hemagglutination. 
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Table 24 - Patterns of HBs Ag detection In saliva, urine and stool 

Patient 1 (Acute hepatitis): 

Serum HBs Ag     

Saliva HBs Ag     .... 

Urine HBs Ag     

Stool HBs Ag      

Patient 2 (Acute hepatitis): 

Serum HBs Ag     + 

Saliva HBs Ag   0 

Urine HBs Ag     + 

Stool HBs Ag  ND 

Patient 3 (Asymptomatic carrier): 

Serum HBs Ag        + 

Saliva HBs Ag         0 

Urine HBs Ag           + 

Stool HBs Ag       ND 

D a y s j 
1 5 10 20 30 45 60 90 

+ + + + + + + ND 
+ + 0 +* + 0 +* ND 
0 0 0 0 0 0 0 ND 

ND 0 ND 0 ND ND ND ND 

+ +      + 

0 0       0 

+ 00 
+** 0     ND 

No 
samples 
obta i ned 

0 

0 

0 

ND 

+ + + + 

ND + + No 
samples 0 

0 ND + obtained + 

ND ND ND ND 

Presence of blood in saliva. 

ND - Not done. 
Mr 

Specificity for HBs Ag not confirmed. 

In tv ■, survey, asioe ;-rom serum. HBs Ag was most frequently found 
in unconcfc: rated saliva.    The detection of HBS Ag in the saliva as 
well as other substances was sporadic and its presence was not depen- 
dent on duration of antigenemiz or the presence or absence of HBs Ag in 
previous saliva samples in acute hepatitis cases. 
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As suggested by Ward and confirmed in this survey, blood in saliva 
appears to occur with high frequency. However, in this study HBs Ag 
may be found in saliva without detectable blood. Indeed, HBs Ag was 
detected in 20* of all saliva specimens tested whether or not they con- 
tained detectable blood. 

In urine obtained from individuals with acute hepatitis, and 
asymptomatic carriers, HBs Ag was detected only after 100-fold or 
greater concentration. In all cases the CPM obtained by RIA on these 
concentrated clinical specimens were low. (As compared with dilution 
curves of HBS Ag, th^ concentration of HBs Ag in clinical specimens of 
urine or stool is estimated to be 10-5 - 10-', that of serum HBs Ag 
used for comparison). 

Some stool specimens from hepatitis cases yielded 1-.W CPM which 
could not be confirmed as HBs Ag. Intestinal inhibitors of HBs Ag as 
well as biodegradation of HBs Ag are known to occur in stool 

Except for the saliva of one individual, HBs Ag was not found in 
saliva or urine of patients 3 months after onset of Hepatitis B. 
However, persistent HBs Ag by CF in the urine has been reported fol- 
lowing clearance of antigenemia; however the specificity of the antigen 
detected in this paper was not confirmed. 

Our findings suggest that if HBs Ag is present in the serum, it is 
potentially in the saliva, urine, and/or stool. While a correlation 
between HBs Ag with infectivity in excretions remains to be determined, 
until infectivity tests are possible, these excretions should be 
assumed to be infectious during antigenemia. 

III. Characterization of HB Ag 

A. E antigen 

Apart from the antigenic determinants previously character- 
ized on the surface of HBs Ag (a, y, d, w, and r), another antigen 
system always associated with HBs Ag lut not on the same particle as the 
other determinants, has been described by Magnius (1972). This new 
antigen has been called e Ag and is found in sera of patients ill with 
Hepatitis B with HBs Ag and particularly chronic dialysis patients with 
HBs Ag. The nature and biologic significance of this new antigen has 
yet to be determined. Antibody to e Ag has only been found in asympto- 
matic HBs Ag carriers after serum concentration. 

In the past year a carrier of HBs Ag/adw has been identified whose 
serum also contains e antibody. The discovery was made fortuitously in 
the course of routinely subtyping his HBs Ag against WRAIR standard 
antisera and antigens (Figure 3). The serum sample, EH 421, has been 
shown to contain at least 2 specificities in agar gel immunodiffusion: 
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(1) for e Ag as determined by lines of Identity between e Ag obtained 
from the original Investigator (Magnlus) and an e Ag standard provided 
by Professor G. L. Le Bouvler of Yale Medical School; (2) a second 
specificity which has been designated Z antlgrn and Is described below. 

Using this antiserum to e and Z antigens, two additional sera with 
e Ag have been Identified.   Because these sera containing e antigen In 
low tlter are limited In volume, the search for adequate amounts of e Ag 
continues so that sufficient quantities will be available for purifica- 
tion and chemical analysis. 

■ 

i 

1. Standard HBs Ag/ayw 
2. Serum EI4, unknown HBs Ag 
3. Serum EI4, unknown HBs Ag 
4. Standard HBs Ag/adr 
5. Serum EH 421, unknown HBs Ag (also 

contains antibody to e & z antigen) 
6. Serum EH 421 
7. Standard rabbit antl-HBs/ayw 

Figure 3 - Detection of e and z antibody activity serum EH 421; sub- 
typing of HBs Ag. 
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B. Z antigen 

As described above In the search for reagents In the e Ag-Ab 
system, a second specificity of antlsera obtained from a HBs Ag/adw 
carrier was found. This second Ag-Ab system appears to give a reaction 
comparable to the e Ag-Ab system In agar gel but Is not unrelated to 
either e Ag or HBs Ag. Indeed the reaction Is found often In normal 
human serum. 

Priority was placed on obtaining an antigen with "Z" reactivity 
that was sufficiently purified to permit animal Immunization. During 
the course of these studies many physical properties of the antigen were 
ascertained. A few of the more Important of these properties are as 
follows: 

1. The antigen can be quantitatively precipitated using 60% satu- 
rated ammonium sulfate. 

2. A peak of antlgenlc activity Is eluted from 6-200 Sephadex 
slightly behind the void volume which contains the majority of the Au 
antigen. Fractions containing Z antigen have been shown by preclpltln 
analysis to be contaminated with IgA, IgE, IgM, flbrlnogen, transferrln 
and alpha-2-macroglobulln (Fig. 4). 

Figure 4. Elutlon of HBs Ag from G-200 Sephadex column. 
HBs Ag was detected by conventional Ausrla test. "Z" Ag was detected by 
Immunodlffuslon & the Intensity of the preclpltln line indicated as l-4+ 
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3. The antigen can be pelleted by centrifugation at 42,000 RPM for 
3 hours. This procedure requires a partially purified starting material 
such as Sephadex G-200 eluted peak to eliminate the massive pellet 
obtained by centrlfuging plasma. 

4. The density of the "Z" antigen appears in the range of 1.26-1.30 
following isopycnic banding in cesium chloride. 

5. Electron micrographs from density purified Z antigen failed to 
reveal any characteristic morphology. 

6. The isoelectric point of the Z antigen has been shown to be in 
the range of pH 4.9-5.2. Precise determination is difficult due to the 
protein precipitation in the column. 

Animals are currently under immunization with semi-purified Z 
antigen. Rabbits have been injected with material that has been sepa- 
rated on G-200 Sephadex, precipitated by ammonium sulfate and isoelec- 
tric focused. The only detectable contaminating normal human serum 
proteins were transferrin and alpha-2-macroglobulin. 

Z antigen has been tested against the following specific antisera 
and found not to react with identity to any: anti-IgA F ab, anti-Ig A, 
anti-IgG Fc, anti-kappa (L chain), anti-llambda (L-chain), anti-C4, 
anti-Ca, anti-CRP, and anti-HBs. 

The relationship of the 2 antigens and antibodies to hepatitis B 
infection has yet to be determined. The production of animal antisera 
will hopefully allow for further analysis of these systems. 

C. Preparation and distribution of HBS Ag subtyping reagents 

With the discovery of the w, r, HBS Ag antigenic determinants 
by LTC Bancroft (now Chief of Virology, Bangkok) many requests for 
typing antisera and standard antigens have been received. Because of 
limited supplies and difficulty in obtaining suitable subtype specific 
precipitating antibody, only small aliquots of these reagents, to be 
used as reference standards, can be supplied to selected investigators. 
Table 25 lists the people to whom reagents have been sent in the past 
year. Investigators from Japan, Spain, Australia, France, Sweden, Hong 
King, Iran and the USA received typing antiserum during the past year. 
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Table 25 - Distribution of subtype reagents for w, r, HBj Ag determinants 

Name 

V'izo Miyakawa, M. D. 

Dr. 0. Pedreira 

Yorio Hinuma, M. D. 

R. A. Hawkes 

Professeur Soulier 

Eric Nordenfelt 

A. Chedid, M. D. 

Anthony K. Y. Lee, M, D. 

Dr. M. A. Eftekhari 

University 

Univ. of Tokyo, Hongo, Tokyo, Japan 

Dept de Medicena Interna 
Paseo Valle Heleron 
Barcelona 16 Spain 

Dept of Microbiology 
Kumamoto University Medical School 
Kumamoto, Japan 

Dept of Medical Microbiology 
University of New South Wales 
P. 0. Box 1 
Kensington, N. S. W. - Australia 

National Blood Bank 
Paris, France 

Institutionen for Medicinsk 
Mikrobiologi 
Solvegatan 23 
Lund, Sweden 

Dept of Pathology 
University of Cincinnati 
Cincinnati, Ohio 45221 

Department of Medicine 
Queen Mary Hospital 
University of Hong Kong 
Hong Kong 

Institu Pasteur 
Del Iran 
Teheran 

Electronucleonics Lab, Inc. prepared under contract 3 HBS Ag
+ 

plasma units, (1 adw, 2 ayw) for use in raising antisera to these HBs Ag 
subtypes. Rabbit anti-HBs Ag/adw was obtained from the HBs Ag/adw 
plasma unit. Antisera to HBs Ag/ayw was not obtained on the first 
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attempt. Three ultracentrlfugatlon cycles In Cs Cl are routinely used 
to purify HBs Ag from plasma and degradation of antigen occurs In the 
third cycle. Antlsera to HBs Ag/ayw are now being prepared using pools 
derived from the second cycle centrlfugatlon. This method appears at 
present to be more satisfactory. 

> 
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23. (U) Peripheral nerve injury, frequently resulting from a high velocity missle, may 
result In causalgla - a state of local hypersensitivity causing chronic pain. Transcu- 
taneous stimulation techniques may relieve this pain and other forms of currently 
intractable pain. The validity of this analgesic method and the nature of its physiolo- 
gical mechanism are being Identified. 

24. (U) Using psychophysical and psychophysiological techniques, the amount of pain an 
individual experiences is measured before and after low level electrical transcutaneous 
stimulation. The individual's verbal reports of pain and his peripheral physiological 
reactions are both analyzed. Methods are designed to insure that the volunteer 
experiences the minimum possible of pain and discomfort. 

25. (U)73 07-74 06 Effort in this work unit has been transferred to 91C 08 6598 WU 116 
For technical report, see Walter Reed Army Institute of Research Annual Progress Report, 
1 JUL 73 - 30 JUN 74. 
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23. (U) To develop a systematic approach to implementation of computers to assist 
military health care providers to deliver care. These studies are of importance to 
military medicine in terms of more efficient care for patients. 

24. (U) A multi-disciplinary group of physicians, nurses, phariracists, dieticians, 
administrators, bioenglneers, and computer specialists was forued to identify problem 
areas In information transfer in the delivery of health care in the military. This 
group has systematically addressed the solutions of the identified problems and has 
formulated a plan for Implementation. 

25. (U) 73 07 - 74 06 The multi-disciplinary group has met with other professionals to 
ascertain the requirements for military health care delivery. From this a systems 
study has been initiated, to formulate implementation plans for solving the identifier 
problemd. The objectives of this research study have been completed and transferred to 
TRIMIS-Army 
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23. (U) The objective of this research is to study the role of central nervous system 
in the body's defenses against infectious diseases of military importance. 

24. (U) Various parts of the brain seem to influence the general bodily response to 
systemic infections, thus stimulation or ablation of these brain areas provide a way 
of obtaining an understanding of how CNS mediated events influence resistance to 
infection or the course of the disease. 

25. (U) 73 07 - 74 06 Experiments examining the influence of brain lesions on response 
to malaria infection continued. Analysis of data from these groups of experiments 
revealed that antibody levels at the end of the period of parasitemia were higher in 
both hypothalamic-lesioned and sham-operated animals as compared with non-operated 
controls. All Infected animals showed non-significant changes in rectal temperature, 
but significantly elevated temperatures for 3 or 4 days following the return of para- 
sitemia to preinfection levels. These experiments are being conducted in collaboration 
with the Division of Communicable Diseases and Immunology at WRAIR. Similar experi- 
ments utilizing diencephallc-lesioned mice infected with Newcastle's Disease Virus 
are in progress, in collaboration with Dr. Samuel Baron's laboratory at the National 
Institutes of Health. For technical report, see Walter Reed Army Institute of Research 
Annual Progress Report, 1 Jul 73 - 30 Jun 74. 
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Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task GO   In-House Laboratory Independent Research 

Work Unit 114   Neurophysiological control of antibody response 

Investigators. 
Principal:    N. H. Spector, Ph.D. 
Associate:    LTC Carter L. Diggs, MC; CPT George F. Koob, MSC; 

MAJ Larry K. Martin, MSC 

DESCRIPTION. 

This research was undertaken to study the role of diencephalic 
"centers," particularly in the hypothalamus, in the control and 
regulation of antibody production, the inmune responses and other 
mechanisms in the body's defenses against disease. 

The resources of the Division of Communicable Diseases and 
Immunology and of the National  Institutes of Health were utilized in 
several collaborative experiments. 

PROGRESS. 

Thirty-six male Sprague-Dawley rats were given intraveneous 
injections of Plasmodium berqhei (NYU-2 strain).   Twenty-four of these 
rats had small bilateral electrolytic lesions of the anterior, 
dorsomedial or posterior nuclei of the hypothalamus prior to induced 
parasitemia.   Six sham operated animals received bilateral electrode 
penetration of the hypothalamus.   Six animals served as unoperated 
controls.    Food and water intake were carefully measured.    Rectal 
temperature and levels of parasitemia were recorded over a six-week 
period.   Antibody levels were measured by the indirect hemagglutination 
method before and after the administration of the parasite.    All rats 
survived.   As in our previous experiments, in the ensuing parasitemia 
there was, statistically, a significantly lower peak level for the 
unoperated controls as compared to each of the other four groups.   The 
control group also had a significantly lower antibody titre as compared 
with all other groups.   These results were unpredicted in view of the 
results of Korneva and Khai  (1963) and of Tyrey and Nalbandov (1972) and 
others, but are not in conflict with the data reported by Ado and 
Goldshtein (1972).    However, all of these authors dealt with antibody 
production in lesioned rodents after horse serum or albumin challenge, 
and we have employed a specific parasite leading to a disease state; 
hence, the results may not be comparable. 
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An analysis of the temperature responses of all rats used in these 
studies reveals a statistically significant elevation of rectal 
temperature lasting several days, but only following the reduction of 
parasitemia to pre-innoculation levels.   A more detailed study of 
twenty-four-hour deep body temperature is under way, in which we will 
compare the rats' temperature responses to those of humans, during and 
after the course of the malarial infection. 

Further studies on antibody responses and of the relationship 
between diencephalon and interferon response to viral injection are in 
progress.   These experiments are being conducted in collaboration with 
the Departments of Medical Zoology and Immunology at WRAIR, and in the 
laboratories of Dr. Samuel Baron of the National Institutes of Health. 
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Work Unit 114   Neurophysiological control of antibody response 
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23. (U) This work unit is to  systematically define functional relationships between 
behavioral variables and the pathegenesis of psychosomatic disorders, e.g., hypertension 
and duodenal ulcer, and autonomic dysfunction, to identify potentially effective measure» 
for prevention and treatment of this class of disorders in military personnel. 

24. (U) Empirically derived behavior principles are applied in studies of non-human 
primates to describe the functioral relationship between behavioral variables such as, 
reinforcement, punishment, conditioned reinforcers and conditioned aversive stimuli and 
activity in a variety of physiological systems implicated in psychosomatic disorders. 
The focus is on arrangement of consequences for behavior and the parallel control such 
consequences maintain over physiologic variables. Techniques include the development of 
effective means of chronically monitoring physiologic status of the organisms as well ^s 
the continuous updating of appropriate operant technology as a prerequisite for the 
exploration of potentially productive methods of treatment. 

25. (U) 73 07 - 74 06 Non-human primates are being exposed to increments in the aver- 
siveness of performance demands required of them. Each was surgically prepared to per- 
mit direct observation of the gastric and duodenal wall and are being monitored for the 
development of chronic peptic ulcer. Exposure to this procedure produced superficial 
lesions in the region of the angulus. Lesions developed before the subjects had 
learned to respond appropriately to the task. Lesions were self-limited and, after 
disappearing, did not usually return, except for an acute duodenal lesion which never 
fully disappeared. ^Further research is being directed at changes in gascric physiology 
correlated with this behaviorally-induced pathology. For a technical report see 
(alter Reed Army Institute of Research Annual Progress Report, 

vmlltbit 10 cAAlrtcw MMB Artatmoi*! AMproyl u 
1 July 73   - 30 June 74. 
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Project 3A161101A91C      IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00    In-House Laboratory Independent Research 

Work Unit 115   Behavioral scheduling in psychosomatic disease 

Investigators. 
Principal: 
Associate: 

Description, 

CPT Frank J. Sodetz, MSC 
MAJ Benjamin H. Natelson, MC; 
Frederick W. Hegge, Ph.D. 

The modification of autonomic function by perturbations in the 
environment has been well recognized for many years.    However, 
only recently has the concept been extended to control by conditioned 
stimuli, that is, stimuli which acquire their controlling properties 
by virtue of repeated pairing with stimuli already effective 
in eliciting changes in autonomic activity.    While appealing as 
a potential factor in the etiology of certain psychosomatic disorders, 
pathological responses to conditioned stimuli are known to be of 
limited duration occurring only in response to, and in the presence 
of, eliciting stimuli.    It remained difficult to conceptualize long- 
term pathogenic changes in autonomic function resulting from 
brief exposures to such stimuli.    In situations in which stressful 
stimuli were known to persist for extended periods, there was 
usually evidence of adaption to stress.    However, within the past 
three years, evidence has begun to accumulate that the autonomic 
nervous system responds not only to eliciting stimuli antecedent 
to responses, but also to stimuli presented following changes in 
autonomic activity.    It has been determined that autonomic activity 
can be brought under the control of environmental stimuli presented 
contingent upon a change in autonomic activity.    This is precisely 
the arrangement of response and consequences that produces stable 
alterations in more conventional behaviors.    To date, little has 
been done to systematically explore the control of autonomic function 
by manipulating the consequences of alterations in autonomic activity. 
The purpose of this work unit is to take advantage of these recent 
findings to examine the relationship of various arrangements of 
stimuli and responses to determine their role in the production 
and maintenince of the kind of chronic change in autonomic function 
thought to be significant in the etiology of psychosomatic disease 
and to develop models for the study of this class of disorders. 
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Progress. 

Analysis of the behavioral variables contributing to the develop- 
cent of gastro-intestinal ulcers. This study was designed to use 
the principles developed from behavioral research to pursue develop- 
ment of a sub-human primate model for psychosomatic peptic ulcer 
disease. To do this, unpredictability of shock presentation and 
conflict, i.e., punishing previously appropriate responses, were 
manipulated in a series of sequential experiments during which 
each monkey's gastric-duodenal mucosa was examined biweekly using 
a fiberoptic gastroscope. 

Acute, superficial gastric lesions developed in 4 of 5 monkeys 
with gastric cannulae and in 2 of 2 monkeys with esophagostomy. 
Lesions usually developed before monkeys developed stable per- 
formance on the particular task demanded of them, i.e., they were 
in the acquisition phase of learning. Two of the lesions, occurring 
at the end of the study, were subjected to histological analysis. 
Esophagostomies were used in place of gastric cannulae to rule out 
the possibility that lesion development was due to the presence of 
the cannula. In support of this study, parallel studies of gastric 
function, i.e., secretion of water and ions and emptying, were also 
undertaken. These studies indicated that gastric hydrogen ion 
secretion as measured by this technique is three-fold greater than 
studies of gastric secretion using simple drainage through a gastric 
fistula. To date, gastric function has been measured in 2 esopha- 
gotomized monkeys during the stress procedures. An animal that 
developed acute, prepyloric erosions showed a marked reduction in 
gastric emptying with a small decrease in hydrogen ion secretion 
when compared to data collected before the initiation of the stress 
procedure. The other animal developed an acute duodenal lesion 
and showed a significantly increased rate of gastric emptying and 
normal and hydrogen ion secretion when compared to control studies. 

Psychosomatic gastric-duodenal disease in the form of stress 
erosions has been produced in the sub-human primate, but, despite 
increased behavioral demands on the organism, chronic peptic ulcer 
disease has not developed. The behavioral pathogenesis of the 
stress lesions may be mediated by changes in both gastric emptying 
and gastric hydrogen ion secretion. When the stomach secretes 
normal or increased amounts of acid and empties rapidly, the 
duodenum is bathed with a high volume flow of acid juice. This 
combination may have produced the duodenal lesion. When the stomach 
secretes less acid, but empties slowly, the stomach is bathed with 
an acid fluid for a long period of time; this may have culminated 
in the production of the gastric erosion. These studies are being 
continued to collect further examples of these potentially important 
correlations. 
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23. (U) Refinement of behavioral techniques for outpatient management of psychosoma- 
tic dysfunctions In military personnel through extension of operant and respondent 
conditioning principles. Nonpharmacologlc management of wound related Intractlble 
pain syndromes. 

24. (U) Knowledge of operant and respondent conditioning principles, autonomlc ner- 
vous system functioning, and sophisticated non-1nvas1ve blolnstrumentatlon are applied 
to normal and target populations to effect clinically relevant changes In biological 
functions. Procedures developed are extended, simplified, and standardized to faclH 
täte application on an outpatient basis. 

25. (U) 73 97- 74 96  Hardware has been developed to automatically detect salient 
features of central and peripheral cardiovascular events. Time and amplitude relation 
between events are measured and computed to establish Indirect estimates of cardio- 
vascular function. A mlnature Infra-red hemodensltometer has been developed that 
permits limb to limb comparisons of relative blood pulse volume and vasoconstrlctlon 
Unit Is currently employed In study of autonomlc function asymmetries In patients 
with causalglc pain syndrome. For technical report, see Walter Reed Army Institute 
of Research Annual Progress Report, 1 JUL 1973 - 30 JUN 1974. 
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Project   3A161101A91C   IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00   In-House Laboratory Independent Research 

Work Unit 116   Autortgulation of autonomic response 

Investigators. 
Principal:        Frederick W. Hegge, Ph.D. 
Associate:        MAJ Dariel P. Redmond, MC; MAJ Albert Tahmoush, MC; 

CPT Jolm R. Jennings, MSC; Stanley Hall, Jr., B.A. 

Description 

The applicability of operant and respondent conditioning principles 
to clinical syndromes Involving autonomic dysfunction, such as pain 
states, hypertensive cardiovascular disease, and cardiac arrhythmia is 
systematically investigated.   Such research leads to an understanding 
of the pathogenesis of and techniques for intervention in the clinical 
course of psychosomatic diseases.   Transcutaneous stimulation techni- 
ques (TST) have been found clinically effective in the treatment of 
chronic pain, particularly causalgia (Meyer & Fields, 1973).   Current 
work involves laboratory assessment of counter-stimulation techniques, 
such as TST and acupuncture, as well as investigation of autonomic 
Involvement in the causalgia pain syndrome.   Continuing technical 
developments include sophisticated and non-invasive techniques for 
monitoring cardiovascular variables that will allow detailed assay of 
conditioning methods in terms of both mechanisms and efficacy. 

Progress 

1.     Causalgia:   Study of Sympathetic Activity 

The study of sympathetic activity in patients with causalgia 
enters its second year.   Initial 24-hour recording sessions revealed 
asymmetries in vascular activity and skin conductance that remained 
relatively constant over time.   Based on these results and in order to 
investigate day-to-day variations, recording times were changed to a 
ninety-minute recording period on each of two consecutive days before 
and two consecutive days after treatment.   Four patients and three 
matched controls have been studied using the two-day sessions.   The 
qualitative asymmetry in skin conductance seen in the preliminary 
study has been confirmed.   However, the pattern of asymmetry is quite 
variable.   Three patients have had consistently higher basal skin 
conductance levels (SCL) in the affected extremity, whereas two patients 
have had a consistently lower SCL with marked suppression of spontan- 
eous skin conductance responses (SCR).   A more consistent finding has 
been reduced blood volume pulse (BVP) amplitude in the affected 
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extremity.   This result is strong evidence for greater arterial vaso- 
constrlctlon In the affected extremity and Is consistent with the 
reduced skin temperature also noted.   Finally, the blood volume signal 
tends to be larger In the affected extremity. Indicating a venous 
dilation of the cutaneous vascular bed.    These results are necessarily 
preliminary; definitive Interpretation must await completion of the 
study. 

2. TST Effects on Pain Estimates and Skin Conductance In 
""""   Normal Volunteers - 

A within-subject study of decrements In pain intensity with TST 
was completed this year.   The study continues the work discussed in 
previous reports (Krasnegor, Jennings, and Fields, 1972; Hall and 
Jennings, 1973).    The within-subject study was an attempt to replicate 
the effectiveness of high-frequency TST applied over the cutaneous 
peripheral nerve.   As in previous work, the experiment consisted of 
bilateral magnitude estimation before and after a stimulation condi- 
tion.    Stimulation conditions were:   a) over the cutaneous peripheral 
nerve; b) over the median nerve; or c) control condition.   Pain was 
induced with a Hardy-Wolff dolorimeter and both pain Judgments and 
skin conductance reactions were obtained. 

The results failed to show significant pain reduction due solely 
to peripheral cutaneous stimulation.   All stimulation conditions pro- 
duced equal pain decrements.   The results were significantly influenced 
by the order in which a subject received the three stimulation condi- 
tions.   This effect could not be explained. 

Current effort is directed at the exploration of acupuncture as 
a different counterstimulation technique for the relief of pain. 
Acupuncture may share the same theoretical mechanism for pain relief 
as TST.   Thus, it should be directly relevant to the relief of 
causalgla-type pain.   Initial observations using acupuncture suggest 
that It produces larger decrements In scaled experimental pain than 
TST.   A proposal has been developed for the evaluation of acupuncture 
utilizing the basic design employed in all the previous counter- 
stimulation (TST) studies. 

3. Technical Progress -- Monitoring of Cardiovascular Responses 

The development of an experimental chamber equipped with sophis- 
ticated, reliable, and non-invasive cardiovascular monitoring devices 
is nearly complete.   Present technology is Inadequate for reliable 
and non-invasive measurement of systolic and diastolic blood pressure 
in the temporal framework of acute psychological experimentation. 
Concentration on blood pressure and/or heart rate conditioning leads 
to oversimplified concepts of cardiovascular system behavior and 
perhaps to erroneous conclusions regarding that system's responses to 
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independently varied stimuli (Peterson, 1963).    Consequently, instru- 
mentation has been developed which will provide a multidimensional 
perspective consistent with a view defining the cardiovascular system 
as a multi-loop, homeostatic feedback system.    Several measurements 
are made simultaneously on a heartbeat-to-heartbeat basis, each of 
which has been shown by various investigators to have empirical 
meaning (Weissi er et al., 1961).   By combined measurement of these 
several parameters, it is anticipated that behavior of the whole 
system will be better described enabling the analysis of mechanisms 
of change and specificity of responses.   Such analysis is relevant to 
current understanding of the pathogenesis of certain disease states, 
and ultimately, to the question of efficacy of autocontrol therapy. 

A system for processing signals from electrocardiogram (EK6) and 
phonocardiogram (PCG) has been devised and constructed.   Several 
significant events are identified electronically on the EKG and PCG, 
and on a low frequency component of the PCG (i.e., the vibrocardiogram 
or VCG).   These events define various intervals in the cardiac cycle, 
which are timed to provide systolic intervals (pre-ejection period, 
isovolumic contraction tir.a, and ejection time) that are closely 
related to such direct measures of cardiac function as stroke volume 
and ejection fraction.   An initial study, using normal volunteers, 
to demonstrate reliability and accuracy of these circuits has begun. 

Use of electrical impedance plethysmography has continued along 
the lines described in the last annual report.   This technique provides 
an indirect measure of basal volume and pulsatile flow within the 
segment studied.   The major inconvenience of this method, the use of 
circumferential electrodes, has apparently been eliminated by recent 
technology, a manufacturer's claim as yet untested in this laboratory. 
When applied to the lower limb, data indicating distal blood flow 
and peripheral pulse propagation time (PPT) are derived.   Previous 
studies in this laboratory have indicated a relationship of these 
measures to blood pressure (see Walter Reed Army Institute of Research 
Annual Progress Report 01 07 72 - 30 06 73 WU 104).    Similar applica- 
tion of impedance plethysmography to the thoracic segment yields data 
closely related to stroke volume, and the pulsatile waveform closely 
approximates that of directly measured aortic root pressure and flow 
curves, according to other researchers (Sova, 1970).   A radial pulse 
tonometer, an air-filled diaphragm which responds to pulsatile move- 
ment of the radial arterial wall, has been placed on-line.    Its 
output reflects relative changes in radial pulse pressure, and is 
utilized as well as an index of PPT in the upper limb.   Finally, an 
automated ultrasonic brachial cuff blood pressure recorder will 
measure systolic and diastolic blood pressures at 30-second intervals. 

Design has also been initiated for innovative circuitry which 
will process the first and second derivatives of pulsatile waveforms. 
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These measures assess quantitative changes In peak velocity and 
acceleration phenomena, as well as the differential timing of the 
propagation of different portions of the pulse wave from the central 
to the peripheral vascular bed.   Such waveform analysis will In 
theory be responsive to variations In vascular compliance» although 
little empirical work has been reported along these lines. 

4.   Technical Progress   -   Photoplethysmograph 

A light emitting dlode-phototranslstor plethysmograph has been 
developed 1n-house for the study of peripheral circulation asyirmetrles 
associated with causalgla.   The transducer combines a gallium arsenide 
Infrared emitting diode (LED) and a silicon NPN phototranslstor In a 
compact package weighing 0.4 gms.   Experimental trials using standard 
signals revealed the output to be stable for periods up to 12 hours. 
With the device applied to the finger, human volunteers experienced 
no discomfort or heating.   Consistently good records with minimal 
movement artifact were generally obtained. 

A calibration procedure was designed for the photoplethysmograph 
that should permit comparison of the blood volume pulse and blood 
volume signals between subjects.   Munsell color chips of known Infrared 
reflectance are attached to rotating wheel of a DC motor, and a 
plethysmograph Is positioned at a fixed distance from the wheel to 
measure reflectance.   Variations In voltage can then be related to 
variations In reflectance.   When the transducer Is placed on a subject's 
finger, the offset voltage Is entered Into a linear equation obtained 
from the calibration procedure and an Infrared reflectance value is 
obtained.   This procedure represents a major advancement In the field 
of photopl ethysmography. 

. 
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Work Unit 120   Antlgenlc components of the cell wall of Nelsserla 
meningltldls 

Investigators. 
Principal:    Malcolm S. Artenstein, M.D. 
Associate:    CPT Wendell D.  Zollinger, MSC: MAJ J. McLeod Griffiss, MC; 

Brenda L. Brandt, Robert E. Mandrell;  SP6 Dennis D. Broud; 
SF5 Charles L. Pennington; Mary Ann Bertram; 
MSG Adam D. Druzd. 

I.    Studies of a meningococcal cell wall protein vaccine. 

The outer cell wall of Neisseria meningitidis contains three classes 
of antigens:    capsular polysaccharide (sss), lipopolysaccharide (LPS) 
and protein [11.    Earlier studies at Walter Reed Army Institute of 
Research have elucidated the immunochemistry of the capsular sss of 
serogroups A, B and C and have shown the efficacy of group C poly- 
saccharide vaccines in preventing meningococcal disease [2].    More 
recently, studies sponsored by the World Health Organization have shown 
that group A sss vaccine prevented group A disease  [3].    The failure of 
B sss to induce antibody responses in h'jmans [4] has led to studies of 
other cell wall antigens as potential immunizing products.    Meningo- 
cocci have been shown to possess non-sss antigens which are shared 
among the specific serogroups  [5,6], although all strains do not contain 
the same complement of antigens.    Based upon the serum bactericidal 
reaction a subtyping scheme has been described for serogroup B and C 
strains [6,71.    Although the major subtype antigens have been found to 
be surface proteins  [81, LPS antigens are also active in the bacteri- 
cidal reaction. 

Human antibody response to both the protein and LPS antigens of 
the outer membrane has been demonstrated by specific hemagglutination 
assays following both systemic disease and nasopharyngeal carriage. 
Protein antigens frosn both group B and group C strains gave equivalent 
response whether the  Infecting organism was serogroup B or C.    Because 
of the toxiclty associated with the LPS antigens we have considered 
the proteins to be the most promising antigens for a vaccine against 
group B meningococci.    The protein antigens might be prepared from 
either a group B or group C strain and be expected to cross react. 

In the past two years studies of three group B protein vaccines 
(Lots A, K and Z) were tested in animals and, upon approval of the 
Army Investigational Drug Review Board, in eight human volunteers. 

, 
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Results were summarized in the WRAIR Annual Report 1973, Work Unit 
181.    Briefly, rabbits responded with HA and bactericidal antibodies. 
Human volunteers occasionally showed HA response, but in all cases 
no stimulation of bactericidal titers above prevacclnation levels 
was observed. 

During the past year new lots of protein vaccines were prepared. 
They differed from those previously used in several respects: 
(a) a group C strain (1381) was used for two of the lots;   (b) milder 
procedures were used in their preparation;  (c) analysis by poly- 
acrylamide gel electrophoresis showed fewer protein bands and lack 
of degraded proteins. 

Vaccine lots 1381-0 and 138I-M-1 were derived from isolated 
outer membrane of the group C strain 1381, which is the serotype II 
reference strain.    Lot 1381-0 is the purified protein fraction of 
the membrane and lot 138I-M-1 contains both the protein and group 
polysaccharide components of  the membrane.    LPS was specifically 
removed from these two lots by Sephadex G-100 chromatography.    Lots 
B-60-S0AP and B-59-TCA were derived from the group B strain Bll. 
The proteins contained in these lots were very similar to those in 
lots 138I-M-1 and 1381-0 as judged by polyacrylamide gel electro- 
phoresis, but they were less highly purified.    Lot B-60-S0AP is rich 
in group B polysaccharide.     A fifth lot, B-59-AG, was considered too 
toxic for trials in humans since two of three rabbits  immunized with 
50 meg of this lot died within 24 hrs. 

The antibody responses of rabbits immunized with the different 
vaccine lots were as follows:    All four lots produced high titers 
of hemagglutinating antibody directed against the protein and high 
titers of bactericidal antibody against the test strain Bll  (Table 
1).    Only three rabbits had bactericidal titers less  than 1:100 at 
four weeks.    Low HA antibody titers against the LPS  and polysaccha- 
ride antigens suggested tha.. the bulk of the bactericidal activity 
was due to antiprotein antibody.    Only lot B-59-TCA resulted in a 
consistent antibody rise against the LPS.    Group C polysaccharide 
present in lot 138I-M-1 did not  induce antibody unless  the rabbits 
were hyperimmunized.    Antibody specific for the protein was 
purified from the four week serum of one rabbit using an immuno- 
adsorbent and was found to possess bactericidal activities. 

Opsonic antibodies of  rabbit antisera were studied in a standard 
phagocytic assay which used human polymorphonuclear  cells and human 
complement.    Significant phagocytic killing was observed  (Table 2) 
in antiserum raised against whole live homologous bacteria.    Whole 
serum from a rabbit immunized with purified 1381 protein was phago- 
cytic in a dilution as high as  1:100.    Purified antiprotein anti- 
bodies from this latter serum were also capable of  opsonizing for 
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Table 2. Opsonizatlon of N. menlngltldls 1381 (group C) by 
immune rabbit antlserum 0737)*. 

Phagocytic 
Rabbit antlserum raised to:    Serum dilution    reduction** 

1381 whole organism 

prelmmunizatlon 1:10 -0.46 

postimmunizatlon 1:10 2.81 

1381 protein 

prelmmunizatlon 1:1U -0.52 

postimmunizatlon 1:5 

1:10 

1:50 

1:100 

1:500 

0.92 

1.57 

1.19 

1.20 

-0.41 

1381 protein 1:80 
(no PMN's) 

-0.54 

(column purified 
antibodies) 

1:80 

1:160 

1:320 

1.48 

0.67 

0.28 

* Phagocytic assay consisted of human polymo 
leukocytes, human serum absorbed with 1381 
of complement. 

rphonuclear 
served as source 

** Bacterial colony count at 0 time - count after 90 minute 
incubation. Negative value indicates growth of bacteria 
rather than kill.  Reduction in counts expressed as log^g 

58 

IJMtfMMttiiiirlli^^t""*^'--  - ^.^.■■■m^-.- - ,_ ...^ ,   ..^tH^t^mmmiimmiiiämmt n ,„«-,■ -mmwmimmMiaitlm 



^IMWIIIIJ I.,. M, wmvmm'mmm* 

phagocytosis. The specificity of the antiprotein opsonins was 
tested by absorbing the serum with whole bacteria or purified 
proteins from three group C strains and one group B strain (Table 
3). 

Table 3. Specificity of rabbit serum opsonins 
following immunization with 1381 
purified protein antigen. 

Absorbing antigen Phagocytic index 
 (log 10) 

** 

None 

Group C bacteria 1381 

protein 1381 

protein 35E 

protein 118V 

Group B bacteria Bll 

protein  Bll 

0.82 

-0.82 

-0.79 

0.94 

0.60 

-0.62 

-0.51 

Phagocytic assay consisted of human poly- 
morphonuclear leukocytes, human serum absorbed 
with 1381 served as source of complement. 
(Rabbit #726). 

Bacterial colony count at 0 time - count after 
90 minuti* incubation. Negative value indicates 
growth of bacteria rather than killing. 

As expected, absorption of 1381 antiprotein antiserum with 1381 
whole organisms and 1381 protein removed all opsonic activity. 
However, purified cell wall protein antigens from group C strains 
35E and 118V failed to significantly affect the phagocytic killing. 
These two strains have previously been shown to lack cross reacting 
antigens with 1381 (except for group C polysaccharide). Both the 
whole organism and purified protein from group B strain Bll removed 
opsonic antibody from the 1381 serum. Thus, the kncwn bactericidal 
cross reaction (factor II) of Bll with 1381 appears to be due to a 
common surface protein. 
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The four vaccine lots were all found to be effective in 
protecting mice against a lethal challenge of viable meningococci 
(strain Bll). The ED50 ranged from 2.3 meg to 11.6 meg. 

Toxicity tests have shown that when the same standards are 
applied to these preparations as were applied to the polysaccharide 
vaccines they were nontoxic. Lots B-60-SOAP and B-59-TCA, however, 
were pyrogenic in rabbits in concentrations of 0.25 meg or greater. 

Tests in a small number of human volunteers are now required 
to establish the immunogenicity and safety of these vaccines. 

2. Bacteriolytic and inhibitory activities of immunoglobulln 
classes of human meningococcal antisera. 

A deficiency of serum bactericidal activity against pathogenic 
strains of N. menlngitidis has been correlated with susceptibility 
to systemic disease [9]. Therefore, the complement mediated 
"cidal" reaction has been of considerable interest in the role of 
bacterial antigens and antibodies in immunity. Previous studies 
have shown that the IgG class of immunoglobulins plays a major 
role in meningococcal Immunity [9] and serum cidal reactions [10], 
although IgA, IgG and IgM antibodies develop following infection 
[9,11] and polysaccharide vaccination [10,11]. Immunofluorescent 
and passive hemagglutination assays were used in these latter 
studies. Because of reports of blocking of bactericidal antibodies 
by IgA in brucellosis [12], studies of human meningococcal antisera 
were undertaken to determine whether a similar phenomenon was 
operative in this disease. 

Convalescent sera from four cases of systemic meningococcal 
infection were studied using :he radioactive bactericidal test 
(RBT) [13].  Immunoglobulins were separated by Sephadex G-200 gel 
filtration and were further purified by passage over immuno- 
absorbent columns (containing goat antihum^n IgM and IgG covalently 
coupled to Sepharose 4B). Whole sera and purified immunoglobulins 
were tested against homologous and heterologous meningococcal 
strains.  Inhibition tests were performed by adding varying concen- 
trations of serum IgA to the reaction mixtures. Quantitative radial 
immunodiffusion and immunoelectrophoresis were used to determine the 
purity of the Ig fractions. 

Serum IgA purified from convalescent sera of patients infected 
with serogroup B, C or Y meningococci was shown to inhibit comple- 
ment mediateu bacteriolysis by IgG and IgM from the same sera. 
Inhibition was dependent on the ratio of lytic to blocking anti- 
bodies.  Inhibition was strain specific and was greater for IgG 
than IgM.  IgM was more active than IgG in the cidal test. 
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Blocking activity of purified IgA appeared unrelated to the presence 
of a prozone In the whole sera in that IgA from the Individual with 
group B disease was a highly efficient Inhibitor even though the 
whole serum had no prozone. 

3. Development of chemical and Immunologie standards for menlngo- 
coccal polysaccharide vaccines. 

Group C menlngococcal polysaccharide vaccines have been shown 
to be safe and effective In preventing group C disease. They are 
currently used routinely In military recruits. Standards of potency 
which have been established are rather Imprecise In the absence of an 
experimental animal assay and, therefore, a continuing effort has 
been underway to establish an acceptable physico-chemical definition 
of potency. Arbitrary specifications for these vaccines have 
Included: 

(1) Chemical assays for purity. 

(2) Immunologie tests for specificity (immunodiffusion and hemag- 
glutination against menlngococcal antisera of serogroups A, B and C). 

(3) Molecular size determination (chromatography using Sephadex 
G200 and Sepharose 4B). 

(4) Immunization of human volunteers and determination of antibody 
responses. 

In addition, standard NIH animal toxiclty and bacterlologlc sterility 
tests have been required. 

The chemical assays and specificity tests have proven satis- 
factory and will not be discussed further. Molecular size (MW) 
determination has been difficult to standardize among the few 
laboratories performing this work. It is known that a large MW is 
necessary to insure antibody responses in humans injected with poly- 
saccharide antigens. However, the exact MW threshold is unknown. 
Studies at WRAI.R of 11 lots of group C polysaccharide vaccine have 
shown that antibody responses in volunteers were not significantly 
different with vaccines ranging in MW from 5.2xl05 to 2.2x106 [14]. 
Data in Table 4 compares the Sepharose 4B elution characteristics 
(Kav) of further vaccine lots which have been submitted by Merck, 
Sharp & Dohme to the FDA as part of the licensing application. For 
reference, Kav 0.416 = MW 5.6xl05 and Kav 0 228 = MW 2.2xl06. Lots 
06. C-7 and C-8 were used in the successful field trials of 
efficacy [15]. It is apparent from the table that later lots 
(Merck) have larger Kav (smaller MW), yet antibody responses of 
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Table 4.    Group C menlngococcal polysaccharlde vaccines:    Molecular 
slze and antibody responses*. 

Sepharose 4B 
(Kav)** 

Human antibody responses 

Vaccine Lot No. 

Hemagglutlnatlon 

No. tested  % rise 
*** 

RABA 

Merck 

487/C-A881 0.354 37 100 

490/C-A884 0.354 39 100 

491/C-A885 0.380 38 97 309 

512/C-B047 0.416 40 98 230,291,400 

513/C-B048 0.354 40 95 

95937/32415/C-B840 0.425 - - 

Merrill-National 

1228 0.228 27 100 471 
1487 - - 

WRAIR 

C-6 

Squibb 

C-7 

C-8 

0.266 

0.228 

0.241 

119 

123 

29 

96 

93 

100 

378 

Antibody responses at 14 days after 50 mlcrogram dose. 

** 

*** 

Kav 
Ve-Vo 

Vt-Vo 

Radioactive of binding assay. Geometric mean tlter Increase 
measured as nanograms of antigen bound by 0.05 ml serum [16]. 
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volunteers were not significantly different. Furthermore, these lots 
have been used in recruit populations with no indication of failure of 
protection (although not as a controlled study). 

Since the only antibody assay which has been shown to correlate 
with immunity is the bactericidal test [9] it was of interest to 
observe that there was not a perfect correlation between bactericidal 
responses and the other assays (Table 5). The sera from volunteers 
who received lot 512 was also tested at Merck Laboratories in a 
standard bactericidal test and the same percentage (84%) of significant 
responses was found. 

These data have been provided to the Bureau of Biologies of the 
FDA to assist them in selecting specifications to be required of 
manufacturers who apply for licensing. The ultimate goal of these 
studies is to develop physico-chemical standards of potency so that 
human volunteer testing can be discontinued. 

4. Paradoxical effect of suboptimal doses of meningococcal noly- 
saccharide vaccines. 

The original studies of group A meningococcal polysaccharides 
showed them to be group specific; ie, subjects injected with group 
A vaccine developed antibodies to A antigen only, no antibody rises 
were noted when these sera were tested with group C antigen. 
These immunizations had been performed using lot A-5 prepared at 
WRAIR by Dr. E. C. Gotschlich. Very recently, when testing the 
serological specificity of several new antibody assays, it was 
noted that several individuals who had received group A vaccine 
developed anti-C antibodies. A more thorough analysis of the 
problem was undertaken to determine whether this cross reactivity 
was due to a true antigenic crossing or was the result of contami- 
nation of the culture from which the A vaccine was prepared. 

Sera from volunteers immunized with different lots of group A 
vaccine were tested for anti-C antibodies by hemagglutination test. 
Lots A-5, A-6 and A-7 were tested at Fort Dix with throat cultures 
obtained at two week intervals and serum specimens at 0, 2 and 6 
weeks. Lot A-8 was tested at Fort Lewis where only prevaccination 
and two week postvaccination specimens were collected. Data in 
Table 6 are summarized on the basis of carrier status. 

These results suggest that all lots of group A vaccine induce 
group C antibodies in recipients, lot A-8 being most potent, 
producing rises in 70-100% of recioients within two weeks. It 
should be noted, however, that the two rises from lot A-5 were 
both late, six weeks after injection and conceivably could have 
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been related to carrier infections not identified by culturing at 
two week intervals. 

Group A vaccine preparations were tested for group C antigen 
content by means of the sensitive hemagglutination-inhibltlon (HI) 
test. Table 7 shows that lot A-5 had no polysaccharide activity at 
the concentration tested. 

Table 7. C polysaccharide content of group A vaccines as determined 
by HI test. 

Group 
Vaccine Source Concentration y/ml content y/ml 

A-5 Gotschlich-WRAIR 250 <0.1 

A-6 Forest Glen-WRAIR 250 0.1-0.2 

A-7 Squibb 250 0.2 

A-7 2500 1.6 

A-8 Squibb 250 0.1-0.2 

A-8 2500 1.6-3.2 

Lots A-6, A-7 and A-8 all had approximately the same amount of group 
C activity. This corresponds to between 0.02 and 0.03 micrograms C 
polysaccharide per 50 microgram dose of A vaccine. 

Lot A-8 vaccine was also tested for presence of sialic acid by 
the resorcinol method. Using a concentration of A polysaccharide of 
2500 micrograms approximately 1.5 ygm sialic acid was detected. This 
is in very close agreement with the HI assay. 

Four lots of group B polysaccharide (B-40S-30K, B-40-SFP, B-30, 
FP-IAD and B-29 Sevag) were tested at lOOOy/ml and had no group C 
activity.  Two lots of A polysaccharide produced by National Drug 
Co. were also tested:  Lot //3 had no group C activity; Lot //6 had 
approximately 0.2Y C per lOOOy A polysaccharide. 

To test the assumption that the seed culture of group A meningo- 
coccus had been contaminated with C organisms, a new A culture was 
prepared by picking a single colony of the A-l strain. After transfer 
and testing serogroup and carbohydrate reactions a new seed culture 
(A-la) was lyophilized. Two batches of group A polysaccharide were 
prepared in the usual fashion from two ampules of A-l and two batches 
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from separate ampules of A-la. These were carried through the Sevag 
step (short of final purification) and were tested In a concentration 
of 3000Y/ml for C-HI activity. No C activity was found Indicating 
that less than O.ly was present. 

These results suggest that If the seed culture of A-l was 
contaminated not every ampule had C organisms. An alternative 
explanation might be that culture A-l may have been contaminated 
but that C organisms did not always grow to sufficient numbers to 
produce recoverable amounts of group C polysaccharlde. 

In this regard It should be pointed out that each lot of A vaccine 
was prepared by different personnel or under different conditions. Lot 
A-5 was prepared by Dr. Gotschllch In four liter flasks (100 ml of 
culture); lot A-6 was produced by the Department of Biologies Research, 
WRAIR using 12 liters of culture In each 20 liter bottle; lot A-7 was 
prepared by Squibb using one liter flasks; lot A-8 was produced by 
Squibb In 100 liter fermentation volumes. 

Slallc acid does not appear to he a constituent of the group A 
menlngococcal endotoxln. Dr. F. A. Wyüe prepared group A endotoxln 
by the phenol-water method and found no siallc acid In It while endo- 
toxln of both groups B and C wert found to contain slallc acid. 

The source of the group C polysaccharlde In three of four lots 
of group A vaccine Is unclear.  It seems unlikely that the A organism 
contains slallc acid or that the mannosamlne subunlts of the A poly- 
saccharlde could become converted to slallc acid during the extraction 
procedures.  It Is possible that some vials of the A-l seed culture 
were contaminated with group C organisms and that by chance these were 
used In the production cultures of lots A-6, A-7 and A-8. To prove 
this would require testing many more ampules of A-l, perhaps In an 
antl-A bactericidal assay. Another source of contamination might have 
been the fermentors, flasks or other equipment used In the production 
of cultures or extraction of polysaccharlde since the highly charged 
polysaccharlde molecule may have attached to the surfaces and somehow 
not been removed by cleaning and sterilization.  Each laboratory had 
made group C cultures prior to the group A. 

The fact that most of the available group A vaccines contain 
traces of group C antigen has unknown clinical significance. No 
toxiclty or interference with group A immunogenlclty is apparent. 
In fact, It Is of considerable Interest that such small amounts of 
group C polysaccharlde are so highly immunogenlc; ie, 0.02-0.03 ygms 
in lots A-7 and A-8 produced group C antibody rises in 50-75% of 
recipients, and double this quantity (lot A-8 100 ygm) resulted in 
group C rises in 100% of recipients tested. 
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All vaccine producers have been provided with the new single 
colony derived A-la culture and all Investigators using the present 
stocks of A vaccines have been notified that group C antibody 
conversions may be expected In recipients. 

In July of 1972 a number of lots of group A vaccine were tested 
In military recruits to determine stability of the product after 
prolonged storage. Since two of these group A vaccine lots had been 
previously determined to have 0.05-0.08% contamination with group C 
polysacchrlde (Squibb A-7 and A-8), group C antibody responses were 
tested. Volunteers received 50 microgram doses of group A vaccine at 
day 0, and for purposes of preventing group C disease were given the 
routine group C vaccine at day 14. Each vaccine was administered to 
groups of 27 to 35 men. As usual In these studies nasopharyngeal 
carrier surveys were carried out at two week Intervals. Group C 
carriers were excluded from the antibody studies; no group A strains 
were Identified. 

Results of antibody assays are shown in Table 8.  Since only a 
few individuals receiving the Merck and Merrell-Natlonal vaccines 
developed group C antibodies at 14 days, these were considered to 
be free of C polysaccharide and served as controls for the Squibb 
vaccines. Group C antibody rises at 14 days were found in a 
substantial proportion of men receiving Squibb lots A-7 (20%) and 
A-8 (55.6%). The mean titers at 14 days with these two lots were 
quite low (7.04 and 14.3) when compared to group C responses to 
50 yg doses of group C vaccine (200-400) [14]. Following the group 
C immunizations at day 14 the responses were measured again on day 
42. The results showed that group C antipolysaccharlde responses 
were significantly impaired in men who had initially received lots 
A-7 and A-8. Both mean titers and percent of men with antibody rises 
were low. 

The significance of these findings is currently unknown. The 
suboptimal response to full doses of group C vaccine following an 
initial small dose of C polysaccharide cannot be evaluated in terns 
of immunity since the radioactive binding assay titer has not as 
yet been correlated with protection. It is conceivable that a 
longer period between the two doses of C polysacchrlde would allow 
a more normal response.  Full doses of A and C vaccines have been 
administered to small numbers of volunteers with no evidence of 
interference [4], although the RABA was not performed on those sera. 
In any event, the data suggest that caution must be exercised in 
using monovalent polysaccharide vaccines containing small amounts 
of contaminating heterologous polysaccharldes. 
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5. Epidemiology of menlngococcal disease. 

Cases of menlngococcal meningitis In Army active duty personnel 
have continued to occur at a very low level In calendar year 1973. 
Table 9 shows the number of reported cases of disease since 1971, as 
well as the tabulation of serogroups Identified (based upon strains 
submitted to WRAIR). 

Table 9. Menlngococcal disease - reported cases and sero- 
groups, 1971-1973, Army active duty. 

Year 
No. cases 
reported Other Total 

1971      123 8 57 11 0 76 

1972       32 1 0 20 0 21 

1973       18 1 0 9 1* 11 

Serogroup 135 

Incomplete data for 1974 (1 Jan through 4 May) have shown 15 reported 
cases with group Y strains predominating and an occasional B and C 
strain Identified. Thus, menlngococcal disease In the continental 
U. S. Is at a very low level. Since Institution ot group C routine 
vaccination of recruits In Oct 1971 group C disease has been virtually 
nonexistent In this population. 

Information from a variety of sources Indicates that epidemic 
group C disease continues In Sao Paulo, Brazil; group A disease has 
been Identified in Western Canada, Finland, Eastern Europe, as well 
as sub-sahara region of Africa and South Africa. Many group A strains 
are resistant to sulfonamldes and a recent report [17] suggests the 
possibility of penicillin resistant group A strains. 

Summary and recommendations. 

Cell wall protein antigens from meningococci of serogroups B 
and C have been prepared as potential vaccines for human use. In 
Immunized rabbits four vaccine lots induced hemagglutinating and 
bactericidal antibodies.  Sera from rabbits immunized with a group 
C protein vaccine were capable of opsonlzing group C organisms. The 
phagocytic killing was inhibited by purified cell wall proteins from 
the homologous organism and also by protein antigen from a group B 
strain. The group C and B protein vaccines all protected mice from 
lethal challenge with a group B strain. These vaccines are now ready 
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for initial studies in human volunteers, Serum immunoglobulin A 
purified from convalescent case sera was shown to inhibit meningo- 
coccal bacteriolysis mediated by IgG and IgM antibodies. Efforts 
to develop physico-chemical and immunologic standards for poly- 
saccharide vaccines have suggested the utility of molecular sizing 
by Sepharose 4B column chromatography. Bactericidal tests carried 
out on sera collected from volunteers immunized with different lots 
of group C vaccine showed significant responses in 84 to 89% of 
vaccinees. Several lots of group A polysaccharide vaccines have 
been found to contain trace amounts of group C polysaccharide. 
Serologie studies of volunteers given these preparations demon- 
strated low level antibody responses to group C polysaccharide. 
Subsequent injection of a full dose of group C vaccine resulted 
in mean antibody levels significantly lower than those found in 
volunteers who received previous group A vaccines free of contami- 
nating C polysaccharide. Meningococcal group C vaccine has been 
used routinely in recruit training centers since 1971. Only 18 
cases of meningococcal disease in active duty personnel were 
reported in calendar year 1973. Serogroup C was not identified 
among the 11 case strains submitted, whereas nine were serogroup 
Y. 
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23. (U) Objective is to develop a relatively specific and quantitative radioimmunoassay for 
the measurement of serum morphine concentrations which will be utilized in studies of drug 
addiction. There is a military requirement for better procedures to assay drugs of abuse in 
body fluids. 

24. (U)  A critical feature of the method Is the production of suitable antibodies by immuniza 
tion with appropriate morphine derivatives which serve as haptene.   Preparation of high 
specific activity morphine I-       is also essential to the method. 

25. (U)   73 07-74 06 Two distinct radioimmunoassays for the measurement of heroin and 
similar drugs of abuse have been developed and validated.   One system utilizes (Morphine-6 
RIA) antibodies obtained by immunization with dihydromorphinone-6-oxime-bovine serum 
albumin and tritiated dihydromorphine as tracer.   The other system (Morphine-3-RIA) uses 
antibodies from ' abbits immunized with 3-carboxymethylmorphine-rabbit serum albumin and 
morphine-l125 for the radioactive tebel.   Both systems are very sensitive and can quantitate 
as little as 20 nicograms of heroin.   These radioimmunoassay methods are now being used to 
assay plasma and urine samples from experimental studies.   The work unit has been termina 
ted due to loss of the investigator, however the basic objectives of the unit have been met. 
For technical report see Walter Reed Army Institute of Research Annual Progress Report, 

1 Jul 73-30 Jun 74. 
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Project 3A161101A91C  IN-HOUSE LABORATORY INDEPENDENT 
RESEARCH 

Task 00  In-House Laboratory Independent Research 

Work Unit 122 Radloimmunoassay methodology for drugs of abuse 

Investigators. 
Principal:     MAJ Scott E. Monroe, MD 
Associate:     Clarence E. Emery, B.S. 

DESCRIPTION 

The purpose of this project is to develop sensitive, precise, and 
specific radloimmunoassay procedures for the quantitation of heroin and 
related compounds in both plasma and urine.   These techniques, when 
fully validated, will be used to measure plasma and urinary concentra- 
tions of heroin and some of its metabolites in support of various in-house 
research programs focused on drug abuse. 

PROGRESS 

Description of Radloimmunoassay. 

Two distinct radloimmunoassay systems have been validated and are 
presently supporting various research projects throughout the WRAIR. 
Details of antibody production and preparation of morphine-l      were 
described in a previous annual report (FY 73).   In brief, one system 
(referred to as morphine-6-RIA) employs antibodies from rabbits im- 
munized with dihydromorphinone-6-oxime-bovine serum albumin and 
tritiated dihydromorphine as the radioactive tracer.  The second radlo- 
immunoassay system (referred to as morphine-3-RIA) uses antiserum 
from animals immunized with 3-carboxymethylmorphine-rabbit serum 
albumin and morphine-l'" as tracer. 

Both systems are sufficiently sensitive to reliably quantitate as 
little as 20 picograms of heroin or morphine.   Plasma or urine, per se, 
at the volumes employed in the radioimmunoassays have no effect on the 
measurement of morphine or heroin.   Both the intra-assay and inter- 
assay coefficients of variation are less than 10 per cent.   The use of 
morphine-l125 in the morphine-3-RIA, instead of tritiated dihydro- 
morphine, is advantageous because of the easr of gamma radiation 
counting, and results in a reduction of technician time, simplification 
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of the overall procedure and reduced reagent costs.   In the morphine-3- 
RIA, heroin, morphine and morphine monoglucuronide have similar 
potencies.   Morphine monoglucuronide, however, has only about one per 
cent of the potency of heroin and morphine in the morphine-6-RIA.   Com- 
pounds with other structural changes such as nalorphine, nalloxone, 
meperidine, dextrophan, and methadone are less than 0.1 per cent as 
active as heroin in either system. 

Applications. 

During the past year, the morphine-3-RIA has been used in laboratory 
studies.   Plasma and urinary concentrations of heroin and its metabolites 
have been measured by the morphine-3-RIA in a neuroendocrine study 
of heroin withdrawal in young men.   (This study is described in detail 
under work unit 111).   Plasma heroin concentrations in this group of 
men, which were within four hours of their last reported exposure to 
the drug, ranged from 95 to 1500 nanogram equi /alents per ml and in most 
subjects gradually feU to levels of less than one nanogram equivalent per 
ml during the ensuing 72 hours.   Peak urinary concentrations of heroin 
and its metabolites in these subjects ranged from 6 to 400 ug per ml. 
Metabolites of heroin could be detected in the urine of these men for at 
least twelve days after their last exposure. 

Plasma heroin concentrations in a group of baboons, which are able 
to obtain heroin by self administration, have also been determined by the 
morphine-3-RIA {See work unit 102 for details of this study).   In general, 
the plasma heroin concentrations correlated very well with the animals' 
known intake.   In some animals, plasma concentrations of heroin in ex- 
cess of 20 ug per ml were observed.   This work unit has been terminated 
due to the imminent departure of the princioal investigator; however, 
all of the basic objectives of the unit were ace »mplished.   The work 
remaining consists of two modifications.   The first will be to utilize 
existing reagents to develop a solid phase radioimmunoassay for heroin. 
This change will simplify the method even further and will result in 
radioimmunoassay data being available more rapidly.  The second im- 
provement will be the development of a Chromatographie procedure for 
the separation of morphine, heroin, 6-monoacetylmorphine and morphine 
glucurom«.      This procedure, used in conjunction with the existing 
morphine-3-RIA, should allow the specific quantitntion of these com- 
pounds in both plasma and urine. 
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23. (U) To develop equipment for the measurement, separately and simultaneously, of 
capillary blood flow in various organs, e.g., liver, kidney, heart, skeletal muscle, 
in conscious unanesthetized animals in studies of the physiologic response to exercise, 
trauma, shock and other stresses of military importance. 

24. (U)  Beta radiation detectors encapsulated in special configurations are Implanted 
surgically in trained animals and are used to measure the rate of washout of radio- 
active gases, thus providing an estimate of capillary blood flow rate. Diodes which 
are at least 10 times more sensitive than those used in previous studies have recently 
become commercially available. 

25. (U)  73 07 - 74 06 The design fabrication and testing of an avalanche diode 
detector suitable for short-term physiological studies is complete. The high 
Internal resistance of the diodes employed precludes implantation for periods more 
than 2 weeks. However, other diodes a^e suitable for this purpose. Having met its 
technical objectives, this project is terminated.  For technical reports, see 
Walter Reed Army Institute of Research Annual Progress Report, 1 Jul 73 - 30 Jun 74. 
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Project 3A161101A91C      IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00    In-House Laboratory Independent Research 

Work Unit 126    Development of capillary blood-flow sensors 

Investigators. 
Principal:    COL Ray A. Olsson, MC 
Associate:    Edward M. Khouri; Billy G. Bass 

Description. 

Development and application of specially encapsulated beta radiation 
detectors for long-term studies of capillary blood flow in conscious 
trained animals under the influence of physiological and pathological 
stresses. 

Progress and Results. 

The clearance of an indicator is widely used to estimate local 
capillary blood flow.    The deposition of indicators which are either 
particulate (microspheres) or which are metabollcally concentrated 
in cells C*zYit  

86Rb), and also the rate of disappearance of diffu- 
sible indicators (8%r, D2O) are standard methods for estimating 
local blood flow.    The research program of the Dept. of Cardlorespi- 
ratory Diseases requires the means for estimating capillary blood 
flow rapidly, accurately, with a high degree of anatomical precision, 
and repeatedly in the same animal with minimal perturbation of 
physiological and metabolic function.    Although the disappearance of 
an inert gaseous indicator meets most of these criteria, the usual 
method applied to capillary blood flow in the heart, washout of 
85Kr or ^3Xe by means of a collimated scintillation crystal located 
at a distance of several centimeters, gives very poor anatomical 
localization and considerable averaging due to the heterogeneity of 
blood flow within the various types of tissues in this organ. 

In order to circumvent these technical limitations to the inert gas 
washout technique, preliminary work on surgically implantable 
min la t »re blood flow detectors was begun in 1968.    Lithium-drifted 
silicon semiconductor diodes were used to fabricate detectors which 
Jiad acceptable biocompatibility and durability but which were only 
marginally useful because of a low slgniil-to-noise ratio.    When 
avalanche diodes became commercially avail,    le  In 1972,  several units 
were bench-tested and were found to be at least 4 times more sensi- 
tive than the older lithium-drifted diodes.    On the basis of this 
testing with unmounted diodes,  it was decided to undertake the 
present project. 
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SHIELD 

^STAINLESS   STEEL 
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Figure 1. Schematic diagram of semiconductor radiation detector 

Contoured-surface silicon tunnel diodes with gallium-diffused semi- 
conductor junctions were obtained from Space Technology Products, a 
subsidiary of th General Electric Company, Philadelphia, PA. A 
schematic of an assembled unit Is shown In Fig. 1. These devices 
are In the shape of a shallow truncated pyramid measuring 5 mm on a 
side and having an active surface area of approximately 8 mm2. 
Although the manufacturer recommends that these units be encapsulated 
In RTV slllcone rubber, this was found to Increase noise, levels pro- 
hibitively. This problem was solved by first dipping the units In 
beeswax heated to 80 C, after which they were compatible with either 
slllcone rubber or epoxy resins. The beeswax-coated diode was then 
mounted In an 8 mm diameter cylindrical stainless steel case and 
encapsulated In No. 2795 epoxy resin obtained from the Union Carbide 
Co. The front window of the case was constructed of 1 mil stainless 
steel shim stock which was found to be 2 times more electron-lucent 
than the 0.5 mm epoxy sheet previously employed, and was completely 
waterproof. Three small metal rings were attached to the case to 
facilitate suture to the epicardlum. A shielded 2 mm diameter 
coaxial cable terminated In a specially-designed fully-shielded 
coaxial connector. 

■ 

The devices have been used to measure capillary blood flow In the 
heart of pentobarbital-anesthetized and consioious    post-operative 
dogs.    The units are high-resistance devices  (100 megohm), operated 
at bias voltages of 250-300 V.    Because of their high resistance 
the sensors are extremely sensitive to traces of moisture, and this 
has limited their useful life In chronic  Implantation to 2-3 weeks. 
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Figure 2.    Typical 85Kr washout curve obtained with an eplcardlal 
radiation detector. 

Units falling at this tine consistently have moisture Inside the 
cable and marked by decreased resistance.    Several units have been 
restored to operating condition by drying In a vacuum desslcator 
for 1-2 weeks.    Substitution of polyvlnyl chloride for slllcone 
rubber as the cable Insulator did not solve this problem, and poly- 
vlnylldene chloride,  though less water-permeable, was too stiff for 
chronic Implantations.    The lack of a flexible waterproof cable 
Insulating material limits the usefulness of this device In chronic 
experiments.    However,  these devices are entirely suitable for acute 
experiments, and the devices have been used repeatedly to measure 
clearance of 85Kr from cardiac muscle after Injection of this isotope 
Into a coronary artery.    The clearance curves thus obtained are 
superior to those obtained by precordlal counting In that they are 
monoexpoentlal to 10-20% of peak (Fig. 2), whereas clearance curves 
obtained by precordlal counting can be approximated by a single 
expoentlal only to about 50% of peak.    The high sensitivity of the 
detectors,  coupled with the delivery of radlolsotoplc gas by close- 
arterial Injection minimizes the amount of Idotope needed (2 mCl 
per determination) and reduces radiation hazard. 

This project Is terminated, having achieved Its goal of the design, 
fabrication, testing and application of miniature semiconductor 
radiation detectors for physiological experiments In animals. 
Although the avalanche diodes employed In this study are extremely 
sensitive to low levels of radiation, their high Internal resistance 
and resulting dependence on near-Ideal Insulation makes the detectors 
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unsulted to chronic animal studies more than 2 weeks In duration. 
The Improved efficiency of the stainless steel window developed In 
this project enables one to use lithium-drifted slllcone diodes, 
whose resistance Is 100 times lower, In detectors for long-term 
implantation In conscious animals. 

P 
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23. (U)    Research efforts In this Department will continue to be directed towards 
gastrointestinal diseases of military importance.    In particular,  the focus is on the 
enteropathogenic dlarrheal diseases,  Salmonellosls and Shigellosls.    These have criti- 
cal military relevance since they represent a major factor In troop mobility. 

24. (U)    Studies will continue to employ several in vivo and in vitro models.    These 
include profusion models using rhesus monkeys and rats and In vivo rabbit Heal loop 
models»    In vitro studies will be performed on homogenates of intestinal mucosa from 
rabbits, rats and monkeys.    They will Involve enzymatic studies,  tissue prostaglandin 
levels and studies of metabolic and respiratory activity. 

25. (U)    73 07 - 74 06    Bacterial invasion of intestinal mucosa is required for the 
development of clinical salmonellosls and shigellosls.    However,  invasion Is not suf- 
ficient since certain Invasive non-dlarrheagenic mutants have been identified.    Salmon 
ella   and shigella both activate adenyl cyclase and cause increased intracellular cyclic 
AMP accumulation.    This Is directly related to the absorptive and secretory defect, 
Adenyl cyclase activation by salmonella and shlgellae can be Inhibited with the antl-ir- 
flanmatory drug,  Indomethacin, an Inhibitor of prostaglandin synthesis, whereas the ac- 
tivation with cholera and cholera toxin cannot be.    It is quite probable,   therefore, 
that there Is a prostaglandin intermediate in the pathway from salmonella and shlgellae 
Invasion to adenyl cyclase activation.    This is currently being Investigated.    For 
technical report,  see Walter Reed Army Institute of Research, Annual Progress Report, 
1 Jul 73 to 30 Jun 74. 
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Project 3A061101A91C     IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task GO,  In-House Laboratory Independent Research 

Work Unit 130, Gastrointestinal Diseases of Military Importance 

Investigators 
Principal: 

Associates: 
Ralph A„ Giannella,  LTC, MC 
Ronald E„ Gots, MAJ, MC, Alan N. Chamey, MAJ, MC, 
Marshall D, Kinsey, MAJ, MC, Dennis P.  Collln,  CPT, 
MSC,  Esther P.  Jordan, Ph.D„, Alton A.  Reeder, LTC, 
MC  (Part time Research Training Fellow) 

Description. 

The research activities in this Department have focused on problems 
of intestinal fluid and electrolyte secretion,  especially the bio- 
chemical and physiological mechanisms of secretion associated with 
the enteropathogenic diarrheal diseases.    To further understand 
those disease processes and to delineate underlying mechanisms, we 
have also considered physiologic controls of Intestinal fluid secre- 
tion and absorption.    The aim is to develop a firm grasp on the 
physiology and biochemistry of Intestinal fluid transport «o that 
we might firmly understand diarrheal disease processes.    Several 
limited related studies dealt with absorption of other nutrients 
such as folic acid and iron in other intestinal disease states. 

Progress and Results. 

A manuscript detailing the occurrence and probable mechanism of 
folic acid deficiency associated with iron deficiency has been 
published  (1).    It has been found that folic acid deficiency results 
from abnormal erythropoiesis,  increased folic acid utilization, and 
hemolysis rather than from a disturbance of intestinal function. 
One group of studies have dealt with the effects of bacterial over- 
growth,  the Blind Loop Syndrome,  on small intestinal structure and 
function.    In the first study,  it was shown that bacterial over- 
growth resulted in alterations in active transport of  sugars and 
amlno acids by causing biochemical abnorrualltles in the brush border 
of small intestinal cells (11). 

Additional studies are being completed which have considered the 
mechanism of iron deficiency in the blind loop syndrome  (10). 
Other studies in experimental blind loop syndrome considered the 
effects of small intestinal bacterial overgrowtho     Studies showed 
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that those bacteria caused morphologic damage to the brush border, 
mitochondria and endoplasmlc retlculum.    A manuscript has been pub- 
lished (9). 

A large review article Is In press which deals with general con- 
siderations and specific Insights Into pathogenic mechanisms of 
Infectious diarrl.eal diseases (12). 

To define the probable sights of small Intestinal secretion and 
absorption, vlllus cells were Isolated sequentially from the vlllus 
tip to the small Intestinal crypt.    One enzyme known to be assocl- 
ted with electrolyte and probably water transport.    Na -K -ATPase, 
was studied In Isolated vlllus tip and crypt cells.    A significant 
gradient of decreasing activity from the vlllus tip to crypt was 
found for Na^IC^-ATPase,    This was true In both the jejunum and 
the lleum and the jejuna! vlllus tip activity was considerably 
higher than that In the  lleum„    An abstract of this study has been 
published  (2) and a full manuscript has been submitted for publi- 
cation (13). 

To facilitate the study of bacterial invasion of the intestine, 
the HeLa cell tissue culture line was studied as an in vitro 
model for invasion of cells by Salmonella typhimurlum.    It was 
shown that various strains of Salmonella typhimurlum could invade 
HeLa cells and that the susceptibility of these cells correlated 
well with the susceptibility of the in vivo intestine to these 
bacteria»    HeLa cells,   therefore,  should prove an effective in 
vitro model for studying invasive enteropathogenic infections. 
This manuscript has been published  (3). 

A study detailing the pathophyslology of Salmonella diarrhea In 
rhesus monkeys has been completed.    The study included observa- 
tions of intestinal transport of water and electrolytes and 
morphological and bacteriological studies.    It was shown that the 
transport abnormalities in Salmonella diarrhea occur in both the 
large and small intestine.    The degree of transport abnormali- 
ties was not necessarily associated with direct observation of 
bacterial overgrowth or invasion,,    This suggests that additional 
factors Indirectly arising from the infectious process,  such as 
undefined humoral messengers, may participate in secretory events. 
Current studies are being undertaken to find these processes.    The 
paper describing the pathophyslology of Salmonella diarrhea in 
rhesus monkeys has been accepted for publication  (14). 
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Similar studies of the pathophyslology of Shlgella diarrhea and 
dysentery were carried out In rhesus monkeys. It was again found 
that the diarrhea resulted from small and large Intestinal secre- 
tory defects. Once again the posslbllty of a humoral messenger 
was suggested by the fact that the Intensity of transport abnorma- 
lities did not necessarily correlate with bacterial overgrowth of 
the affected site. Two abstract« were published this year on this 
subject and one manuscript has been submitted for oubllcatlon 
(4,5,15). 

Flux studies were performed which detailed the unidirectional 
movement of electrolytes across Isolated Heal mucosa Invaded by 
Salmonella typhlmurlum.  This study demonstrated that the electro- 
lyte transport abnormalities were very similar to those arsoclated 
with cholera iniectlons and known to be related to changes in 
Intracellular cyclic AMP. That paper has been published (8). 

Additional studies designed to further delineate the biochemica] 
mechanisms of Salmonella and Shlgella mediated secretion were 
performed. These examined the activation of adenyl cyclase and 
the stimulation of Intracellular cyclic AMP mediated by experi- 
mental salmonellosls and shlgellosls. We found that the Invasive 
enteropathogens, like the toxlgenlc cholera, stimulated adenyl 
cyclase. We were able to Inhibit that stimulation with Indometha- 
cln. This strongly suggested the involvement of prostaglandlns In 
the activation of adenyl cyclase. An abstract of this work has 
been published and two manuscripts are In preparation (7,17,18). 

To further probe the mechanism of Intestinal secretion In the 
enteropathoger.ic dlarrheal diseases, Indoroethacln, an Inhibitor 
of prostaglandin synthesis, was used» Indomethacln completely 
abolished Salmonella-mediated fluid secretion In the rabbit Heal 
loop model and markedly reduced the secretion secondary to shlgel- 
lae, cholera toxin and cholera organismsc An abstract of these 
findings was published and a manuscript has been accepted for 
publication (6,16)„ 

The preparation of a manuscript from a previously performed study 
was concluded here In 1973. This manuscript dealt with the func- 
tional association of hexokinase to rat liver mitochondria.  It 
considered for the first time a kinetic relationship between an 
associated enzv^e and the supply of substrate by respiring mito- 
chondria»  It xa  one of the few demonstrations of an Important 
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iunctional association between a substrate provider and a substrate 
acceptor (19). 

To better understand the control of intestinal secretion and ab- 
sorption and to elaborate on our finding that prostaglandins may 
be Involved, we undertook an in vitro study of prostaglandln syn- 
thesis» Full thickness colonic and jejunal segments were compared 
with mucosal scrapings for prostaglandln synthetic capacity. Full 
thickness fractions were considerably more active suggesting the 
intestinal smooth muscle may have a higher prostaglandln turnover 
rate than intestinal mucosa (20). Further studies will examine 
prostaglandln synthesis in Infected mucosa. 

Conclusions and Recommendations. 

We have now learned that the biochemical response to salmonella 
and shlgella Infections in the intestinal tract Involves the 
activation of adenyl cyclase. This activation leads to fluid 
secretion in experimental cholera. The mechanism of adenyl cyc- 
lase activation by these invbsive organisms seems to be different, 
however, from that of cholera. This was suggested by the observa- 
tion that Indomethacin blocked the adenyl cyclase activation 
mediated by salmonella and shlgella but had no effect on the acti- 
vation of adenyl cyclase mediated by cholera. It is likely that 
a messenger such as prostaglandln play a role in the activation 
of adenyl cyclase by salmonella and shlgella. Studies are currently 
underway to identify the presence of such an intermediate.  If 
prostaglandins or another intermediate can be found, it is likely 
that one will be able to Interrupt the activation of adenyl cyc- 
lase and hence the diarrhea. Preliminary studies In the rabbit 
Heal loop model have Indicated that Indomethacin can markedly re- 
duce the secretion mediated by Salmonella typhimurium. 

The aim of this Department is to elucidate the fundamental mech- 
anisms of physiologic and pathologic intestinal fluid electro- 
lyte transport. By so doing, therapeutically useful information 
should be generated» Proposed studies include an examination of 
bile salts and other naturally occurring agents on intestinal 
fluid electrolyte transport, examination of specific transport al- 
terations engendered by Indomethacin and aspirin, observation of 
specific enzymes associated with fluid electrolyte transport such as 
Na+-K+-ATPase and adenyl cyclase and attempted elucidation of the 
role of prostaglandins in the intestinal secretory processes,, 
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The objectives of this work unit are to develop and exploit new labora- 
tory methods for application to automation In order to provide rapid, 
y-.-eclse and accurate qualitative and quantitative chemical analyses in 
support of military medicine. During the reporting period, efforts 
have been focused on the following areas: 

1. Automated miniaturized continuous flow microanalytlcal systems. 

2. Application of electronic progranmable calculators to on-line 
clinical laooratory analyses. 

3. High performance liquid chromatography applications. 

k.   Computer controlled gas chromatography applications. 

1. Automated miniaturized continuous flow microanalytlcal systems. 

a. Design and operation of a sigial comparator to increase 
efficiency of continuous flow analyzers. A signal comparator has been 
designed and developed that allows the bubbled stream of continuous 
flow analysis to remain Intact as it passes through the colorimeter 
flow cell. This bypassing of the debubbling stage in the analysis 
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stream Inproves the efficiency of these analyzers. The signal compara- 
tor eliminates the bubble artifact from the photodetector slgial while 
allowing the signal produced from the fluid segment to remain Intact. 

Parallel glucose analyses on 9^ randomly selected sera were per- 
fonned using a miniaturized continuous flow system and the signal com- 
parator (System I) vs a continuous flow method employing a debubbler 
(System II). The regression line for the corparlson Is: 

Y (System II) = 0.9840 X (System I) + (-1.3211) mgAOO ml 

with 

R ■ 0.9984 (correlation coefficient) 

The magnitude of the intercept point was negligible and did not indicate 
a significant difference between the two systems. 

b. Design and perfonnance of a miniaturized high speed continuous 
flow analyzer. Design and testing of a high speed miniaturized contin- 
uous flow analyzer has been ccmpleted. The analyzer, using the com- 
parator described above, is capable of analyzing samples 3 to 25 yl In 
volume with a reagent consumption of ISO pl/sample at a rate of 150 
sanples/hour. In a series of determinations for serum glucose and total 
protein (n = 15), the miniaturized system had a coefficient of variation 
of about 1%,   The series was also run on an AutoAnalyzer system with 
almost identical results. The comparison of system perfonnance with two 
other continuous flow analyzers is given in the sumnary below. 

Comparison of System Performance 

Instrument Analysis Rate 
Sample Size 

(ul) 
Reagent Cost 
(Cents/Test) 

AA I 
AA II 
Mini-System 

60/hr 
60/hr 

150/hr 

67 
67 
22 

2.8 
0.8 
0.14 

The narked reduction in sanple size makes the system ideal for micro- 
analyses, especially In the pediatric clinical laboratory, and in any 
other situation Where small sanple volume is Important. 

c. Design and operation of a four-channel miniaturized system. Us- 
ing a modification of the above described analyzer system, a four- 
channel miniaturized continuous flow system for simultaneous analysis 
of serum Na, K, Cl and CO2 was developed. A Coming Flame Photometer 
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(Model 450) was Interfaced with a miniaturized manifold for Na and K 
determinations. The bubbled stream flows directly Into the flame photo- 
meter with no disruption In flame stability. Cl and CO2 were analyzed 
using a newly designed colorimeter errploylng the slgial comparator 
described above eliminating the need for a debubbler. 

Analysis can be performed under steady state conditions at a rate 
of 150 sanples/hr. The sanple volume Is 56 pi. The total volume of 
reagent consuned by all four channels was less than 500 ul/sample. The 
coefficient of variation ranged from 0.k% to 2%. 

2.   Application of electronic progranmable calculators to on-line clin- 
ical laboratory analyses. 

a. Use of prograirmable desk top calculators for on-line acquisition^ 
cotrputlng and printing of results from single- and multi-channel labora- 
tory Instruments. The use of a low cost prograninable desk top calculator 
for on-line processing of data from a variety of laboratory Instruments 
has been successfully demonstrated. The calculator, a Hewlett-Packard 
Model 9810 A, was connected to the Instrument through a digital volt- 
meter that served as an A to D converter and Interface. The calculator 
was used to compute and plot on an X-Y plotter a standard curve, 
quality control values, confidence limits and the values of the sample 
analyses, for single-channel continuous flow analyzers operating at 
rates up to 300 sanples/hr. For multi-channel (1-4 channels) continu- 
ous flow analyzers at speeds up to 120 samples/hour/channel, the calcu- 
lator was used on-line to provide real time printed results by sample 
number. A four-channel multiplexer was designed to allow a single 
calculator to handle all four channels of information. Optionally, a 
tape cassette may be used to record all results for transfer to a 
larger processing system. 

The on-line use of these calculators with laboratory instruments 
provides numerous advantages: reduction of time between receipt of a 
specimen and reporting of final results, elimination of the laborious 
task of calculating results, and the Immediate indication of analyzer 
malfunction through the availability of quality control results as they 
are analyzed. The calculator system requires minimal space, is econom- 
ical, reliable, easy to use and portable. 

b. A modularized, automated data acquisition, processing and 
reporting system for the clinical laboratory. A comprehensive modular- 
ized, automated system has been developed for handling test requests, 
on-line data acquisition, processing, reporting and patient file 
storage for the clinical laboratory. Numerical data from patient 
requisitions were entered into a progranmable calculator (Hewlett- 
.Packard 9810 A) by use of a hand-held optical scanner. Progranmable 
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) calculators were used on-line with multi-channel analyzers for real time 
data processing. Results were recorded on tape cassettes and then trans- 
ferred to a larger prograimable calculator (Hewlett-Packard Model 9830) 
to merge the test results with patient requisitions. Ihe merged data 
were transmitted directly from the larger calculator to a remote time- 
sharing conputer for storage and recall. Patient data can be recalled 
for display on CRT terminals in hospital wards and may be pennanently 
listed by a high speed printer. The total system was demonstrated and 
the parts of the system not requiring the large conputer are presently 
undergoing operational testing by the staff of the Clinical Pathology 
laboratory of the Walter Reed Army Medical Center. 

3. High performance liquid chromatography In the study of p-amlno- 
benzoic acid metabolism. '   "     ""'" 

A simple, rapid high performance liquid Chromatographie method has 
been developed for determining ]>-aminobenzoic acid (PABA) and some of 
Its metabolites in physiological fluids. The glyclne conjugated and 
acetylated metabolites of PABA, ßramlnohippuric acid (PAHA), N-acetyl- 
p-aminobenzoic acid (N-A-PABA) and N-acetyl-^-aminohippuric acid 
(N-A-PAHA) were quantified with a lower detectable limit of 5 nanograms. 
The method is applicable to urine and serum without solvent extraction 
or pretreatment. 

A connercially available high performance liquid Chromatograph was 
modified to operate at a 7-fold decrease In column pressure with no 
noticeable degradation In resolution of the compounds of Interest. A 
one meter stainless steel column, packed with an anion exchange resin 
was used. Conpounds were detected with the standard 251* nm detector. 
Elution was accortplished with a sodium formate buffer within a 20-mln 
period. 

The system was evaluated for clinical application. Human volunteers 
ingested 2.5 gjns of PABA orally; urine and serum specimens were collected 
and analysed. A definite excretion pattern was observed for the aro- 
matic metabolites In the urine specimens. PABA was completely conju- 
gated or excreted as the unchanged compound during the first hour. 
PAHA was detected in the first specimen (15 mln post-administration) 
and did not disappear until 5 hrs post-administration (p.a.). N-A- 
PABA began to form 30 mln p.a. and remained at a constant level for 4 
hours. N-A-PAHA was not detected until 90 min p.a. and was present for 
about one hour. 

Similar patterns were observed In the serum specimens and in urine 
specimens following intravenous injection of PABA. Additional studies 
of the excretion patterns of PABA and metabolites are planned using 
patients in various stages of renal disease. 
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4. Corrputer controlled gas chromatography studies. 

Pour autonated gas chromatographs have been Interfaced to an on- 
line real-time computer system and are functioning satisfactorily. The 
analyses of over 150 plasma specimens for vallum (dlazepam) were per- 
formed on the system. The system Is now being programmed to operate In 
a raultl-progranmed mode to allow other analytical equipment such as the 
mass spectrometer and ultraviolet spectrophotometer to operate under 
control of the computer simultaneously with the gas chromatographs. 
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23. (U) The technical objective of this work unit Is to develop and establish method- 
ology and analytical techniques for the detection, Identification and characterization 
of Inportant biochemical ccrpounds and their principal metabolites using coupled gas 
chromatography-mass spectrometry (GC-MS) for use in military medicine. 

24. (U) Conputer controlled GC-MS systens will be used to definitively characterize and 
quantitate conpounds of biochemical Importance for both developmental and research uses. 
Efforts will be focused on rapid, accurate Identification of a variety of compounds and 
on feasibility of the Impleramtatlon of these systems for research and practical general 
laboratory use. Efforts will be concentrated on metabolites of conpounds of interest 
In d ug abuse programs and In the study of metabolism of biomolecules both natural and 
forelpi to mammalian blosystems. A library of mass spectra of diugs of abuse of 
military significance will be developed. 

25. (U) 73 07 - 71t 06 Operational debugging and reliability testing of the conpiterlzed 
GC-MS system was perfomed. The principal metabolites of methaqualone have been 
characterized. Quantitative correlation of the alpha-hydroxy methaqualone and meth- 
aqualone has been determined In urine specimens from over 30 users. A 100:1 ratio of 
metabolite to parent drug was found. Other drugs of abuse such as cocaine and tetra- 
hydrocannablnol are being characterized. A library of mass spectra of drugs of abuse 
Is being developed. For technical report, see Walter Reed Array Institute of Research 
Annual Progress Report, 1 Jul 73 - 30 Jun 71*. 
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Task 00   In-House Laboratory Independent Research 

Work Unit 185   Speclation of blomolecules by 'nass spectrometry 

Investigators. 
Principal:   LTC Dovjglas J. Beach, ^BC 
Associate:   Billy G. Bass, M.S.; LTC Gale E. Demaree, NBC; 

Laurence R. Hilpert, B.S.; Leo Kazyak, B.S.; 
CPT James A. Kelley, KSC; Robert C. Pcmisohn, M.S.; 
SP4 Steven J. Weise, B.S. 

The objective of this work unit is to develop and establish methods and 
analytical techniques for the detection, identification, characteriza- 
tion and quantitatlon of Important biochemical conpounds and their 
principal mtabolites using coupled gas chrcmatography-mass spectrometry 
systems.   The major effort during the past year was in the following 
areas. 

1. Characterization of ll-hydroxy-A9-tetrahydrocannabinol. 

2. Mjthaqualone metabolite characterization. 

3. Oollaboi-itive mass spectrometer research activities. 

4. Equipment performance evaluation. 

1.   ll-hydro:<y-A9-tetrahydrocannablnol (11-0H-A9-THC). 

The metabolic fate of tetrahydrocannablnol (THC) and, more specific- 
ally, its major active corrponent A9-THC, is at best Incorrpletely mis- 
understood.   A study was initiated tc characterize and quantify THC 
metabolites and to describe the time dependency of their appearance In 
human body fluids obtained from marihuana smokers.    Marihuana contains 
a conplex mixture of closely related natural products.   Only a small 
dose (less than 3 mg) of the active component is required to produce 
psychotropic effects, and all the presently known metabolites are 
excreted as glucuronldes. 

Cannabidlol, cannablnol, and 11-0H-A9-THC were characterized by gas 
chroraatography and mass spectrometry as the free compounds and their 
respective trlmethylsilyl CMS) and heptafluorobutyro (HFB) derivatives. 
Gas Chromatographie studies with the HPB derivatives of THC and 11-0H- 
A9-THC indicated that 0.5 to 10 nanograms can be detected In standards 
by electron capture.    TM3 derivatives produced too many extraneous sub- 
stances for reliable detection at anticipated urinary levels.   An 

j 

99 

mum* ■' ■.-^.■■—...r  n  ~^^  •^tvUUuXWlC mutumti -.:.   ',^fll 



gHPPP^^^Hl^^iipi»iiyyj.i!.i.iM,i..., JI,I,II,.I iLMwiippiiiijiuiMiiijiiiJiif.i,. 'y •^j*m^mi<!^^^mm*v'^m^m«imt^wu 

extensive study of various extraction procedures was made to detennlne 
the optimum conditions for recovery of 11-0H-A9-THC from urine.   Aqueous 
standards at a concentration of 1 pg/ml gave recoveries of 75-855? using 
2% isobutanol in chloroform at pH 5.    However, urines to which 11-OH- 
L9-TRC had been added gave lower extraction efficiencies Indicating 
possible adsorption or binding phenomena.   Some Interference with the 
derivatlzation reaction necessary for electron capture with gas chroma- 
tography may have contributed to recovery difficulties.   This aspect of 
the problem is still under Investigation. 

Twenty ml of a pooled urine of a marihuana smoker, collected 3-4 hrs 
after a reefer had been smoked, were hydrolyzed, extracted and analyzed 
by GC-MS.   Cannablnol was identified in relatively large amounts com- 
pared to a small concentration of 11-0H-A9-THC.   A carboxylated metabo- 
lite was detected that is presumably ll-carboxymethyltetrahydrocannabinol. 
Ihis conpound was esterlfled by ethereal diazomethane to further confirm 
its carboxylic character!ptics.   These cannablnoid components of the 
urine extracts were determined by mass fragjnentography of characteristic 
ions, correlated with standardized retention data, and confirmed by 
conparlson of the complete mass spectra of each gas Chromatographie peak 
in question with standardized library spectra. 

2.   Methaqualone. 

In collaboration with the U.S. Air Force Europe Drug Abuse Detection 
Laboratory, urine specimens from suspected methaqualone users were 
studied for methaqualone metabolites. In order to test possible correla- 
tion in excretion of methaqualone and its metabolites.    Gas chromatography 
and combined GC-MS were used to resolve the conplex mixtures of metabo- 
lites that were present In the samples analyzed.   Because of the wide 
range of polarity, two packed columns with somewhat different liquid 
phases (OV-1 and OV-17) were necessary to separate the mono- and dl-hydro- 
xylated metabolites of methaqualone in the Chromatograph.   Except for 
two   f the metabolites, all others were extremely polar compounds, and 
resolution, as well as sensitivity, could be achieved only after trl- 
methylsllyl ether derivatlzation prior to analysis by gas chromatography. 

Quantitative data have been obtained on methaqualone and four of its 
metabolites.   The principle netabolites are S'-hydroxy methaqualone, 
^I'-hydroxy methaqualone, a-hydroxy methaqualone, and 2-methyl-hydroxy 
methaqualone.    6-hydroxy methaqualone and several other metabolites 
were identified, but since the concentrations were very low, no 
sigyilflcance was attached tc these compounds, and no attempt at quanti- 
fication was made.   The concentration of methaqualone was in a range 
of 0.28-10.00 ug/ml of urine in those specimens that were processed. 
Concentrations of the major metabolites were from 15 to over 200 times 
that of the methaqualone in a given specimen.   With the exception of 
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two urine specimens, there were considerably high concentrations of the 
rlng-hydroxylated metabolites (3'- and 4'- hydroxy methaqualone) than 
the side chain substituted analogues. 

The distinctive metabolite pattern of the gas chromatogram produced 
by the relative differences In concentration appears to have some 
significance perhaps In relation to dose and time between Ingestion and 
specimen collection.   The pattern is certainly Inportant for identifi- 
cation purposes by gas chromatography, especially when low levels of 
methaqualone cannot be distinguished from Interferences by normal 
urinary constituents.   Further Interpretation of these data will be 
possible after the next phase of the study has been completed.   This 
study will attarpt to relate the quantity of each metabolite to Ingestion 
time and dose. 

3. Collaborative mass spectrometer research activities. 

During the past year the initial drug library of 90 compounds has 
been expanded to include over 150 drugs, metabolites, derivatives, and 
substances comnonly encountered In extracts of body fluids.   The 
additional ccnpounds were characterized by gas chromatography as well 
as by mass spectronetry.    Computer programs have been devised to convert 
retention data to indices, and to compare these reference data with data 
from specimens to identify suspect conpounds. 

4. Equipment performance evaluation. 

Mass spectrometry is rapidly becoming a valuable new tool in the 
biomedical and organic chemical analysis armamentarium.   The highly 
conplex and sophisticated Instruments used in the research laboratory 
are becoming simpler to operate, less cumbersome and less expensive. 
They are also providing exciting new possibilities for the study of 
drug metabolism and phaimacokinetics.   However, little is known about 
the long term reliability and usefulness of the instruments in the 
clinical milieu.    To this end, a brief review of the operating experi- 
ence of this laboratory seems appropriate. 

The coupled gas chromatograph-mass spectrometer employed is the 
Hewlett-Packard Model 5930 A system.    The system consists of a GC- 
mass spectrometer and a 2100 A minicomputer data system with auxiliary 
tape cassette storage and a computer controlled data plotter.    The 
system has been operational for approximately one year. 

During the first year's operation, 473 sanples were analyzed, 
sources of these sanples are given below: 

The 
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Source 

GC-MS laboratory 
System tests and calibration 
Division of Biochemistry 
Extra-divisional (WRAIR) 

% of Total 

11.8 
26.4 
17.8 

L 

The time devoted to system tests is also divided into two categories; 

Optimization 
Trouble-shooting 

IM 

The operational reliability of the system is summarized below: 

Fully operational 
Partially operational 
Inoperative 

Total working time 

128 days 63.05« 
37 days 18.058 
38 days 19.05? 

203 days 

Inoperative time was considered time during which a major component 
of the system malfunctioned.   Weekends and holidays were not Included 
in the working time unless samples were actually analyzed.   Twenty 
major component failures occurred during this period with only one con- 
sistent pattern discerned.   The electron source filament was replaced 
three times.   This problem appears to be cannon in all instruments of 
this type manufactured by Hewlett-Packard. 
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23, (U)    To design and develop In vitro and In vivo test  systems for the evaluation of 
chemical  compounds as prophylactic and therapeutic agents against diseases of major 
military significance.     Infections  such as malaria, which render troops  Ineffective for 
extended periods, receive principal emphasis.    Complete characterization of candidate 
antimalarlal drugs is an essential part of the Army Drug Development Program. 

24, (U)    Appropriate  In vitro and  animal  pilot models are designed to meet a  specific 
need for testing chemical  compounds.    These models are expanded into operating test 
systems ln-house and utilized to provide guidance to contractors when testing is to be 
done under contract.     When necessary, modifications to existing test   systems are de- 
signed and developed. 

25, (U)     73 07 - 74 06    Approximately one-third of sixty-seven known  antimalarlal 
compounds used from several chemical  classes were  found to inhibit the growth of 
cultures of microorganisms causing dental plaque.    None, however, were effective In 
preventing the development of plaque in an in vivo hamster model.   The apparent in- 
effectiveness against  dental plaque  formation in  the hamsters occurred whether  the test 
agents were applied topically to the teeth or administered via the diet.    Included 
In the studies were three chloroqulne-prlmaqulne drug diet regimens.    One of the C:P 
ratios used was 20:3,  I.e. that ratio used in the tablets employed for malaria pro- 
phylaxis  among troops   in Viet Nam.    For technical  report  see Walter Reed Army Institute 
of Research Annual Progress Report,  1 Jul  73 -  30 Jun 74. 
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Project 3A161101A91C    IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00    In-House Laboratory Independent Research 

Work Unit 190    Effect of antimalarial drugs on Dental Plaque 

Investigators. 
Principal: 
Associate: 

LTC Kenneth E. Kinnamon, VC 
2LT Charles R. Wolf 

It was noted that the incidence of dental plaque and related oral 
diseases in patients which had recently returned from Viet Nam seemed 
to be much lower than in patients with an otherwise similar history. 
Although these were subjective observations that had not been con- 
firmed by definitive measuring techniques,  it led to the speculation 
that such a reduced incidence of disease might have resulted from the 
regimen for prophylaxis of malaria (300 mg chloroqulne and 45 mg 
primaqulne per week) required in Viet Nam. 

Sixty-eight compounds that exhibited antimalarial activity in one 
or more tests employed by us were assessed in an in vitro system. 
Thirty-seven percent of all compounds tested were active, i.e. demon- 
strated inhibition of bacterial growth.    Except for  sulfonamldes no 
more than half of the compounds in each class were active.    Primaqulne 
was active;  chloroqulne was not.    Folic acid antagonists used were 
three 2,4 diaminopyrimldines;  three 2,4 diaminotriazines; six 2,4 
dlamlno,  6 sulfur-substituted quinazolines; proguanil and nltroguanil. 
All  six quinazolines and one each of the pyrimldines and triazlnes 
were inactive.    The quinoline-methanol designated WR 142,490 [^-(2- 
piperidyl)-2,8-bi8(trifluromethyl)-4-quinollne-methanoll and 4-4* 
diaminodlphenyl sulfone (Dapsone), both of which have been tested 
under an Investigational New Drug Application, were  found to be 
active in the in vitro system described.    Among active compounds in 
the miscellaneous class were quinacrine and the compound designated 
RC 12.    The latter is 5-bromo-4-bis-(2-diethylaminoethyl)amino-l,2- 
dimethoxy benezene. 

Of the sixty-eight compounds tested in vitro,  ten (seven active; 
three inactive) were tested by topical application to the teeth of the 
test animals and six (four active;  two inactive) by adding them to the 
hamster diet.    Four of the latter were added as previously described. 
Chloroqulne was used alone at  levels of 100-, 500-  and 1000 mg/kg of 
diet;  primaqulne alone was used at  15-,   75-  and 150 mg/kg of  diet; 
chloroqulne plus primaqulne was used respectively at 100- plus 15- , 
500- plus 75- and 1000- plus 150 mg/kg of diet.    With the exception 
of those receiving the positive control  compound,  tetracycline, no 
compound was  found to inhibit the in vivo development of dental plaque. 
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23. (U)    To conduct testing to evaluate the  immunosuppressive activity of various 
medicinal  compounds.    Knowledge re innunosuppresslve activities of new drugs is 
essential to the Army Drug Development Program. 

24. (U)    Certain chemical agents which are being tested primarily for certain 
properties,  e.g., antlmalarlal properties,  may also have Immunosuppressive properties. 
These immunosuppressive properties in some cases may serve to guide the development 
of potential drugs. 

25. (U)     73 07 -  74 06    Adult spleen cells.   If  injected into a  suitable host,  will 
be stimulated by antigens of the host to react in the latter in a truly immune or 
hypersensitive way.    This response depends upon the absence of host type antigens in 
the donor.    Contrariwise, the presence of donor antigens which are absent in the host 
does not lead to an Innune reaction under the condition of the assay system.    In the 
system the recipient host is young enough at the time of transplantation that  it  is 
not yet limiunologlcally competent  and is therefore tolerant of  the  foreign  cells. 
This system has been employed to assess the iranunosuppresslve properties of  the 
antlmalarlals chloroqulne  (WR 1544),  WR 30,090,    WR 33,063 and WR 122,455.    None of 
these compounds demonstrate Innunosuppresslve properties.    For technical report  see 
Walter Reed Army Institute of Research Annual  Progress Report,  1 Jul  73 -  30 Jun 74. 
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Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00 In-House Laboratory Independent Research 

Work Unit 191 ImmunosuppresBlve activity of medicinal compounds 

Investigators. 
Principal: 
Associate: 

LTC Kenneth E. Kinnamon, VC 
CPT Lyle L. Ketterling, MSC 

Adult spleen cells, If Injected Into a suitable host, will be 
stimulated by antigens of the host to react in the latter in a truly 
Immune or hypersensitive way. This response depends upon the absence 
of host antigens In the donor. Contrariwise, the presence of donor 
antigens which are absent In the host does not lead to an immune re- 
action under the condition of the assay system. In the system the 
recipient host Is young enough at the time of transplantation that it 
is not yet Immunologlcally competent and Is therefore tolerant of the 
foreign cells. 

The assay for immunosuppresslve activity consists of recording 
the spleen and liver enlargement which results in the recipients 
after transplantation of adult spleen cells to recipients that are 
less than 10 days old. From the spleen and liver enlargements, organ 
indices are computed. Recipient mice are first generation hybrids 
between the donor strain and the other strain against which the donor 
is expected to react, i.e. (C57BL/6 x CBA) Fj. 

The system has been used to assess the itntnunosuppressive prop- 
erties of the antlmalarial compounds, Chloroqulne (WR 1544), WR 
30,090, WR 33,063, and WR 122,455. None of these compounds demon- 
strate immunosuppresslve properties. 
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3,  (U) Research is directed toward investigating the pharmacology of promising 
medicinal aliphatic amines, drug interactions, developing and refining animal models for 
the study of arrhythmias and associated cardiovascular effects produced by drugs or 
injury.  Candidate drugs will be tested in these model systems and compared with standard 
drugs.  The goal of this research is to develop a highly effective, non-toxic drug which 
would be useful in the treatment or prevention of arrhythmias occurring spontaneously or 
as a complication of therapy or injuries involving military personnel. 

2U.  (U) Drugs are tested in animal models for efficacy in preventing or treating experi- 
mental arrhythmias and associaced problems.  These may be induced by exogenous catachol 

amines or by injury. 

25.  (U) 73 07 - 74 06 The mechanism of bradycardia induced by intravenously injected 
HR 2823 was investigated in anestnetized cats; results of drug pretreatment and of spinai 
transection indicate that the effect may be mediated by an action on central vasomotor 
centers.  WR 2823 promotes marked reduction in mortality in mice subjected to rolling 
trauma or to endotoxin challenge; no protection was afforded by WR 2823 in tourniquet- 
induced injury.  For technical report see Walter Reed Army Institute of Research Annual 

Progress Report, 1 Jul 73 - 30 Jun 74. 
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Project   3A161101A91C  IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00    In-House Laboratory Independent Research 

Work Unit 192 Antiarrhythmic effects of aliphatic amines 

Investigators. 
Principal:     Melvin H.  Heiffer,  Ph.D. 
Associate:     Dr.  A.  Einheber 

1. Introduction. 

Simple aliphatic amines have a number of potential medical uses, 
Some of the series that we have studied have important cardiac and 
autonomic system effects while closely related structures may not 
exhibit these.     In addition to affording some protection against 
ionizing radiation, some of these compounds protect against 
lethality of shock and of trauma.     Some of these compounds also 
exhibit  important antiarrhythmic action.    Studies have been carried 
out to broaden our understanding of these various pharmacological 
activities. 

2. Protective effects of WR 2823 against  lethality in mice. 

a. Background: 

WR 2823,  an aliphatic sulfur-containing compound, produces 
alpha-adrenergic blockade in several animal species (Heiffer et_ al, 
1969).     Drugs which possess alpha-adrenergic blocking properties, 
such as  phenoxybenzamine, have been observed to promote survival of 
animals subjected to various types of experimental shock.    Prelimi- 
nary observations in anesthetized dogs subjected to hemorrhagic 
shock  (Vick et al,  1971)  indicated that WR 2823 improves survival. 
Thus the following studies were carried out  to investigate the 
possible beneficial effects of this  agent in unanesthetized animals 
subjected to other types of experimental trauma,  such as tumbling 
trauma,  tourniquet   injury and endotoxin poisoning. 

b. Methods: 

Female CD-I mice (Charles  River) weighing  23-28 gms were 
used as  experimental animals and were housed  in  their home cages  in 
groups  of 20 with routine laboratory  food  ,j>hl »nier ad lib.    The 
mice were exposed to automatically  timtd,  alt«• mating 12 hr periods 
of illumination  (0730-1930 hr) and  darkness.     Experimental proce- 
dures  were always  performed  in  the  morning  between 0900 and 1200  hr. 
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Mice in the various groups being compared were matched for body 
weight and were run in parallel. 

During an experiment mice were housed individually in clear 
plastic compartments for 48 hr and then returned to their home 
cages.     In some short term experiments the procedures were abbre- 
viated.     Anesthesia was not employed in any experiment.    All injec- 
tions were intraperitoneal. 

The drugs tested were prepared fresh daily in sterile, 
pyrogen-free water, and the volume of solution injected was 0.01 
ml/gm of body weight. Any deviations from the foregoing general 
procedures are  indicated below. 

Noble-Collip Drum Trauma (NCDT) was one method used for 
injuring mice (Noble and Collip, 1942).     This procedure involves 
the repeated tumbling ol   animals in a revolving drum apparatus and 
results  in a contusive type of injury which may be lethal, depend- 
ing on the total number of revolutions to which the animals are 
exposed.    The apparatus as modified for use in this laboratory 
consists of 6 stainless steel drums that are powered to rotate 
from a single pulley driven by an electric motor.    Each drum is 15 
inches   Ln diameter and 8 inches wide end has  3 equally spaced 
shelves on the inside which project 2 inches toward the center of 
the drum.    Five mice are placed in each drum and as it. rotates the 
mice are caught by the shelver, and dropped about twice during each 
revolution so that at a uniform speed of 38 rpm the mice are 
dropped at least 750 times in a 10 min period and 1100 times in a 
15 min period of tumbling.    Mortality of the mice is noted at the 
end of trauma, designated as "0" hr, and at at regular intervals 
thereafter until 48 hr.    Mice dying prior to "0" hr are considered 
acute deaths, whereas those dying subsequently are delayed deaths. 
Mice alive at 48 hr virtually all survive thereafter and are 
designated as permanent survivors. 

Tourniquet  injury (limb-ischemia shock) was produced by 
placing rubber bands as high as possible on both hind legs, and the 
induction of saline-irreversible tourniquet shock was attained by 
additionally tourniqueting the front legs at the axillae so that 
all 4 legs were rendered ischemic (Einheber and Wren, 1967; 
Einheber et al,  1970).     Mice were subjected to various periods of 
occlusion and mortality checked at  intervals up to 72 hr since 
virtually all mice surviving to this  time survived indefinitely. 

Endotoxin shock was produced by suspending £.  coli endo- 
toxin  (Difco Lab.)  in 0.9% saline solution and administering it 
i.p.   at a constant  dose of 500 Pg per mouse in a volume of 0.3 ml. 
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On the basis of preliminary trials this dose of endotoxin was cal- 
cluated to be lethal to approximately 50% of control mice within 
21 hr after challenge and lethal for 30 to 100% of unprotected mice 
by 96 hr after administration.    Since death? from endotoxin were 
observed to occur only rarely after 96 hr, mice surviving at this 
time were  considered permanent survivors. 

Blood glucose determinations using a Technicon autoanalyzer 
were made on blood drawn from the retro-orbital venous plexus into 
heparinized 50 yl to 100 \il capillary tubes.    A complete series of 
glucose standards was assayed during each run and saline washes 
were used between blood samples. 

The hematocrit value for each mouse was obtained by averag- 
ing the values from 2 blood samples drawn into capillary tubes from 
the retro-orbital venous plexus and centrifuged for 3 min. 

The statistical significance of differences between mortal- 
ity data was assessed by chi-square,  using Yates correction.    The 
difference between mean values was assessed by the t-test.    Statis- 
tical significance was set at a probability level of 5% or less. 

c.     Results and Discussion: 

The data shown in Table 1 indicate that WR 2823 promotes a 
marked reduction in acute and delayed mortality resulting from a 15 
min episode of Noble-Collip Drum Trauma  (NCDT) when it is adminis- 
tered i.p.   to mice,  50 mg/kg, 15 min before trauma.    Thus, mice 
pretreated with WR 2823, as compared to those pretreated with water 
only, consistently showed a significantly greater survival at the 
end of tumbling trauma and during the ensuing 48 hr.    A comparison 
of 3 different lots of WR 2823 showed that there was no significant 
difference  in the relative protective efficacies. 

WR 2823 AB    was formulated into an injection suitable for 
intravenous administration to human volunteers in phase I clinical 
trials.     Thus it was of interest to compare this material with the 
unformulated chemical  for its protective efficacy  against NCDT. 
Both the materials were equally effective in promoting survival of 
mice when given 15 min in advance of the  injury. 

From Table  2 it  is evident that WR 2823 provides signifi- 
cant protection against the lethality of NCDT which endures for at 
least one hr when treatment is 15 min before trauma.    Protection 
has evanesced by 2 hr and is  likewise  not demonstrable at  24 hr 
post treatment. 
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Phenoxybenzamine was given to mice at a dose of 5 mg/kg 
one hr bafore injury. As shown in Table 3 this pretreatment was 
about equally efficacious to a dose of 50 mg/kg of WR 2823 given 
15 min before NCDT. Phenoxybenzamine pretreatment has been found 
by many investigators to protect animals against various forms of 
fatal shock. Protection has been ascribed to the well known alpha- 
adrenergic blocking properties of this agent and the results of 
this study are consistent with these findings. 

mnmww 

To determine the effects of beta-adr nergic blockage, 
propranolol was employed and the results (Table 4)  indicate:    this 
compound markedly reduced the mouse's ability to survive NCDT; 
WR 2823 given after propranolol negates this deleterious effect; 
and the mortality after combined treatment is significantly 
improved over that observed after water alone. 

Although preliminary studies showed that WR 2823 had no 
significant effect on blood glucose levels in uninjured mice, from 
the data presented in Table 5 it appears that the drug blunts the 
blood glucose rise that is a consequence of NCDT.    The mechanism 
of this effect is unknown, but in view of the fact that liver meta- 
bolism is largely responsible for blood glucose elevation via 
glycogen breakdown, it would appear that WR 2823 may have some 
direct effect on liver metabolism. 

The effect of WR 2823 on the hematocrit was  studied and it 
was found to have no significant effect on hematocrit values. 
Thus, a hemodilution signifying possible expansion of plasma volume 
which could better prepare the animal to withstand NCDT would not 
appear to be involved in the protective effect of the drug. 

WR 2823 did not reduce the mortality of mice subjected to 
tourniquet shock that is otherwise "saline-reversible" or "saline- 
irreversible", whether it was given alone or in conjunction with 
saline therapy. 

Table 6 shows the significant degree of protection against 
the lethal effects of endotoxin when mice are given 50 mg/kg of 
WR 2823 15 min before endotoxin challenge.     Thus, the mortality in 
endotoxin shock can be expected to be significantly decreased by 
this drug. 
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3.    Pharmacology of WR 2823 in cats and isolated preparations. 

a. Background: 

The pharmacological effects of WR 2823 were first described 
by Heiffer et_ al, 1969.    This aliphatic sulfur-containing compound 
was found to exert both immediate and prolonged actions on the 
cardiovascular system.     The intravenous administration of WR 2823 
produced an immediate hypotension and bradycardia in several 
animal species   (Heiffer et_ al, 1969, Herman et al, 1971).    These 
initial responses are  followed by a long lasting alpha adrenergic 
blockade (Heiffer et_ al, 1969).    Perhaps because of this latter 
property, WR 2823 has been shown to have efficacy in the prevention 
of mortality from shock due to hemorrhage or endotoxin in animals 
(Vick et al,  1969, Vick and Heiffer, 1970,  Vick et_ al, 1973).    The 
clinical usefulness of ViR 2823 in human shock conditions remains to 
be determined but could be limited becaus«.   of the initial cardio- 
depressor responses.     The present study was initiated to determine 
in detail the nature and possible attenuation of the initial hypo- 
tension and bradycardia induced by WR 2823. 

b. Methods: 

HS cats  (2.5 to 3.5 kg) were anesthetized with 40 mg/kg 
pentobarbital sodium.     The right  femoral  vein was  cannulated for 
drug injection.     Cannulae were also inserted into the right femoral 
artery and trachea for monitoring blood pressure and respiration. 
Needle-tipped electrodes were inserted into the appropriate limbs 
to record lead II of the electrocardiogram.     Heart rate was deter- 
mined from the interval of the R wave by means of a Cardiotach pre- 
amplifier.     In some experiments carotid artery blood flow was 
determined by means of a Biotronex flow probe placed around a 
carotid artery and connected to an electromagnetic flow meter.    All 
recordings were made on a Hewlett-Packard polygraph. 

In  3 experiments the spinal cord was  sectioned between the 
first and second cervical vertebrae.     Immediately thereafter, the 
cats were placed on artificial respiration by means of a Harvard 
positive pressure respirator.    An additional 3 cats were decere- 
brated at the  intercollicular level according to the method of 
Sherrington  (1898).     Both types of animal preparations were allowed 
to stabilize  for 30 min prior to the administration of WR 2823. 

The drugs utilized in the present  experiments, the dosage 
(calculated as as the  free base) and the equilibrium period before 
WR 2823 administration were as follows:     control (5 ml isotonic 
saline, 10 min); atropine    (1.0 mg/kg, 10 min); mecamylamine 
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(2.5 rag/kg, 15 min); hexamethonium (10.0 mg/kg, 15 min); phenoxy- 
benzamine (5 mg/kg, 60 min); dl-propranolol (0.5 mg/kg, 10 min); 
reserpine (0.1 mg/kg, 2 injections, 48 and 24 hr); lyergic acid 
diethylamide (50 yg/kg, 10 min); and diphenhydramine (10 mg/kg, 
10 min). These agents were either dissolved or diluted in normal 
saline so that the amount given was contained in a volume of 5 ml 
or less. Each compound except for phenoxybenzamine and reserpine 
was injected over a 3 to 5 min periodJ phenozybenzamine was 
injected intraperitoneally while reserpine was given intraperi- 
toneally 48 and 24 hr before the experiments. 

Following the equilibrium period, WR 2823 (50 mg/kg), 
dissolved in 5 ml of isotonic saline, was injected over a 4 min 
period. The various physiological parameters were monitored for 
up to 60 min after WR 2823 injection and the experiment then 
terminated. 

Control observations of the various physiological parameters 
were made just before either surgical or pharmacological pretreat- 
ment and again before administration of WR 2823. Changes in these 
parameters were also determined at 1, 5, 15, 30 and 60 min after 
injection. The mean and standard errors of the mean were calcu- 
lated when three or more values were obtained for each parameter. 

Three adult mongrel dogs (10-12 kg) were anesthesized with 
phenobarbital sodium (30 mg/kg) and the heart removed and perfused 
with autologus blood (Vick & Herman, 1971).  The force of contrac- 
tion was measured with a Walton-Brodie strain gauge sutured to the 
left ventricle.  Coronary perfusion pressure was obtained by means 
of a needle-tipped catheter inserted into the perfusion circuit 
and attached to a pressure transducer.  The electro-cardiogram and 
heart rate were determined by means of needle-tipped electrodes 
inserted into the left and right ventricles.  Each was allowed to 
stabilize for approximately 15 min after which control responses 
to 1.0 yg epinephrine were obtained.  WR 2823, dissolved in 5 ml 
saline, was injected into the perfusion circuit over a 2 min period 
at doses of 50 mg (2 hearts) or 100 mg (1 heart).  Each heart was 
rechallenged with epinephrine at 15, 30 and 60 min after WR 2823 
injection. 

c.  Results: 

WR 2823, 50 mg/kg intravenously, induced immediate hypo- 
tension and bradycardia in all 5 intact control animals. These 
results, together with the effect of WR 2823 in the surgical pre- 
treatment cats are summarized in Table 7.  Changes were noted to 
begin during the infusion and reached maximum decreases of 32% to 
48% in mean arterial pressure and 30% to 35% in heart rate by 1 min 
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post injection. Although recovery began within 5 min, blood pres- 
sure ultimately stabilized below control levels. Heart rate 
returned to control levels by 60 min. Carotid artery blood flow, 
recorded in 2 experiments, increased 175% and 200% by 1 min post 
injection but returned to control levels within 15 to 30 min. In 3 
of 5 experiments, WR 2823 also induced brief minor increases in 
respiratory rate and in the amplitude of the lead II R wave. 

The 3 intercollicular decerebrated cats responded in nearly 
the same way to WR 2823 as did the saline controls except that 
heart rate did not recover as completely (Table 7). Complete 
interruption of the spinal cord caused a prolonged decrease in both 
mean arterial pressure and heart rate. The administration of WR 2823 
after 30 min produced a brief hypotensive response during the injec- 
tion but by 1 min post injection both blood pressure and heart rate 
were slightly elected. Within 5 min, and during the remainder of 
the experiment, blood pressure stabilized at 10% to 20% below control 
levels, while during the same period heart rate was at or near 
control levels. 

Both of the ganglionic blocking agents (mecamylamine and 
hexamethonium) produced an almost immediate decrease in heart rate 
(10% to 41%) and blood pressure (10% to 35%). During the adminis- 
tration of WR 2823 brief episodes of hypotension and bradycardia 
occurred in 2 experiments while increases in both parameters occurred 
in 4 other animals.  However, in all experiments, by 1 min post 
injection blood pressure was at or slightly above control levels 
while heart rate increased to preganglionic-blockage levels or above. 
Pulse pressure and carotid artery blood flow were also elevated 
during this period. All parameters declined slightly over the 
remainder of the 60 min experimental period. The results of these 
and all drug pretreatment experiments are summarized in Tables 8 and 
9. 

In 3 experiments phenoxybenzamine produced a 10 to 24 mmHg 
decrease in mean arterial blood pressure. Heart rate increased 
slightly in 2 of the 3 cats. Alpha-adrenergic blockade was con- 
firmed before the infusion of WR 2823 by injection of epinephrine. 
WR 2823 caused a decrease in mean arterial pres; ■ i of between 36 
to 60 mmHg. The changes in heart rate were much - 
than those seen in control animals, and at the end of 60 min were 
at or above pre-phenoxybenzamine levels in all 3 experiments. 

Within 5 min of the injection of 0.5 mg/kg of dl-propranolol 
heart rate was depressed 5% to 16% and the typical cardiovascular 
responses to isoproterenol were inhibited. The injection of WR 2823 
produced a 28% to 4C% decrease in mean arterial pressure.  The 
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magnitude of the depression was similar to that seen in control 
animals. Heart rate, carotid artery blood flow and pulse pressure 
remained relatively unchanged during and following WR 2823 adminis- 
tration. 

The effect of reserpine pretreatment was determined in 3 
experiments. Blood pressure and to a certain extent heart rate were 
found to be lower in these animals than in the untreated controls. 
WR 2823 caused a moderate but brief (< 5 min) fall in blood pressure 
(23%). Heart rate fell but to a lesser extent than in control 
animals. Carotid artery blood flow was increased the first 5 to 15 
min after WR 2823 administration. 

In 11 experiments pretreatment with atropine CO, lysergic 
acid diethylamide (H) or diphenhydramine (3) had little effect on 
resting blood pressure or heart rate. These animals responded in 
nearly the same way to WR 2823 as did the saline controls except 
that heart rate fell to a lesser extent in the atropinized cats. 

The injection of either 50 mg or 100 mg WR 2823 into the 
isolated dog heart caused a brief 5% to 10% decrease in force of 
contraction with little or no change in heart rate. Coronary per- 
fusion pressure fell slightly following the injection. Both the 
force of contraction and coronary perfusion pressure had returned 
to control levels 1 to 2 min after WR 2823. The positive inotropic 
and chronotropic responses to epinephrine (1 ug) were essentially 
unchanged after either 50 mg or 100 mg of WR 2823. 

d.  Discussion: 

The intravenous administration of WR 2823 consistently 
induced hypotension and bradycardia in the anesthesized cat.  In 
the present experiments a dose of 50 mg/kg of WR 2823 was infused 
over a ^ min period.  The cardiodepressant effects appeared before 
the injection was completed.  Doses as low as 12.5 mg/kg have been 
shown to lowar blood pressure am] heart rate in the rat (Herman et_ 
al, 1971).  The magnitude of the fall was similar to that seen after 
25 mg/kg.  In the dog WR 149,024, a dimer of dephosphorylated 
WR 2823, produced hypotension and bradycardia over a dosage range of 
6.25 to 25.0 mg/kg (Caldwell et al» 1972).  It was noted that the 
6.25 mg/kg dose depressed blood pressure and heart rate to the same 
extent as the 25 mg/kg dose. Thus the initial cardiovascular effects 
are not dose dependent. 

A critical dosage might be necessary if WR 2823 exerted 
direct non-specific depression on the myocardium or vascular smooth 
muscle or both.  However, in the present experiments WR 2823 had 
little effect on the force of contraction and heart rate in the 
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isolated dog heart. Likewise the tone of isolated rabbit aortic 
strips was not altered when WR 2823 was added to the bathing fluid 
(Demaree et_ al, 1971).  In spite of the lack of direct WR 2823 
effect on heart and vascular smooth muscle, the fact that both 
carotid artery blood flow and pulse pressure increased suggests 
that the initial hypotension is due to a decrease in total peri- 
pheral vascular resistance. 

The decrease in peripheral resistance was not the result of 
parasympathetic nervous system stimulation since atropine failed to 
prevent the fall in blood pressure. This fact would also tend to 
rule out stimulation of the Bezold-Jarisch reflex mechanism which 
can be blocked by atropine. Histamine can also produce a hypo- 
tensive response in the intact animal. Although plasma histamine 
levels were not determined in the present experiments, the fact 
that pretreatment with the antihistaminic diphenhydramine failed to 
influence the magnitude of the responses tends to rule out histamine 
release as a prime factor in the hypotension. Likewise lysergic 
acid diethylamide pretreatment failed to alter the initial effects 
of WR 2823, suggesting that the release of 5-hydroxytryptamine is 
also not involved in the responses. These results tend to suggest 
that the locus of the hypotensive response resides with the sympa- 
thetic nervous system. 

WR 2823 has been shown to possess alpha-adrenergic blocking 
properties (Heiffer et_ al, 1969). However, this action required 30 
to 60 min to develop and thus could not be responsible for the 
immediate alterations in blood pressure and heart rate. When the 
peripheral portions of the sympathetic nervous system were blocked 
with either phenoxybenzamine or propranolol, WR 2823 administration 
still induced hypotension and bradycardia. However, some components 
of the response were modified.  For example, propranolol prevented 
the increase in carotid artery blood flow and pulse pressure. Also, 
the decline in heart rate was less in animals pretreated with either 
of these agents than in the untreated controls. A more significant 
attenuation of the initial WR 2823 responses was noted in the 
reserpinized cats.  In these animals both the hypotension and 
bradycardia were less than in the untreated controls. Reserpine, by 
biogenic amine depletion, alters sympathetic nervous system activity 
both peripherally and centrally. 

That higher autonomic centers may be involved has been 
suggested by the demonstration of both blood pressure and heart rate 
increase after WR 2823 in spinal transected or ganglionically 
blocked auimals. The positive inotropic and chronotropic actions 
may reflect a peripheral action of WR 2823 which is masked by the 
intact nervous system.  It is not known if reserpinization will 
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J prevent this. These responses are opposite to those occurring in 
decerebrate or control cats suggesting that the brain stem may be 
a critical area for WR 2823 activity. The importance of these 
areas has been emphasized by the demonstration that £-methyldopa 
(Henning, 1969), L-dopa (Henning and Rubenson, 1970) and clonidine 
(Kobringer and Walland, 1967) have centrally mediated hypotensive 
effects. Also, intracistemal injection of phentolamine, an alpha- 
adrenergic antagonist, caused hypotension and bradycardia in vago- 
tomized rats (Ito and Scharberg, 1974). These responses were found 
to be elicited from the medullary brain areas. The comparison 
between cardiovascular responses of these 2 agents is not absolute 
since alpha-adrenergic blockage appears to be involved in phentol- 
amine action but is not necessarily the case for WR 2823. The 
areas of the brain stem affected, however, may be similar.  In any 
event, the results of the present experiments tend to indicate that 
the immediate cardiovascular effects of WR 2823 can be attenuated 
by agents which alter sympathetic nervous system activity at central 
levels. 
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Table 1 

Protection of Mice Against the Lethal Effects of 
Contusive (Tumbling) Trauma in the Noble-Collip Drum by 

Pretreatment with 50 mg/kg WR 2823a 

Series No of   Agent 
Expts   (i.p.)b 

No. 
of 
Mice 

% Cumulative Mortality   P 
at Hours Post-Injury  Valuec 

0.16  6 24 48 

10     Water     120   50  52  55 61 72 

WR 2823 B  120    6   7   8  8  8  <.001 

II 

III 

Water      90   72  72  73 77 81 

WR 2823 AC   85   26  31  33 36  40  <.001 

WR 2823 B   85   24  25  26 28  31  <.001 

Water      74   70  73  76  80  82 

WR 2823 AC   75   24  31  32 40 45  <.001 

WR 2823 AB   75   17  24  25 29 32  <.001 

Total   23   All water   284 
of 

Series      All WR 2823  440 

52  64  56 71  77 

18  22  23 26  29  <.001 

aDuration of trauma was 15 minutes. 

^Injection volume always 0.01 ml/gm of body weight 15 minutes 
before trauma. 

cAt termination of tumbling. 

^Probability (based on chi-square with Yates' correction) that the 
difference in 48 hour mortality between the water-controls and 
WR 2823-treated mice is due to chance alone. 
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Project 3A161101A91C    IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00    In-House Laboratory Independent Research 

Work Unit 193 Synthetic Liposomes and Macrophage Activity 

Investigators. 
Principal:    Akio Takeuchi, M. D. 
Associate:    LTC John Mooney, MC 

A.    The Binding of Vims to Liposomes Derived from the Red Blood Cell 
Membrane 

Background 

The liposome which is derived from lipid extracts of red blood 
cells  (RBC) has many applications;  liposomes offer a simple and con- 
venient yet reliable model of RBC membranes and can be used as an 
antigen of known lipid components.    Various known biochemical compounds 
can also be incorporated into the liposome.    These artificial membranes 
are protein-free and composed of phospholipids as well as other lipids 
in a bilayer configuration (1).    A variety of liposome-protein inter- 
actions and virus interactions with  lipid or lipid-protein monolayers 
have been reported (3-5,  7-9). 

Studies on roles of liposomes of different Immunologie events will 
provide new information on immunology and pathogenesis of infectious 
diseases which are current or potential problems in Armed Forces. 

For the last two years the attachment of radiolabelled Sindbis 
virus  to RBC derived liposomes have been studied in order to determine 
whether lipids play a role in binding the virus to the biological 
membrane.    The results will elucidate the mechanism of the hemoagglutina- 
tion test which is widely employed throughout virology for the detection 
of both virus and specific antibodies.    (See also WRAIR Annual Report 
1 Jul 72 - 30 Jul  74.) 

Approach to the Problems 

The preparation of intrinsically-labelled Sindbis virus has been 
previously described in detail  (6);  infected chick embryo cell cultures 
were incubated in amino acid-free medium for 4-6 hours post infection 
followed by the addition of a radioactive amino-acid mixture at a 
concentration of 10-30 microcuri(?r- per ml.    Labelled virus supernatant 
fluids were clarified, precipitated by ammonium sulfate, and virus 
concentrates purified by rate-zonal sucrose gradient centrifugation. 
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Antibody preparations consisted of mouse hyperiiranune ascitic fluid 
prepared according to the method of Brandt, et al^.  (7)  and modified to 
include Sarcoma 180 cells for the induction o? ascites  (8).    Repeated 
clot formation was prevented by acid treatment to remove residual 
fibrin (9). 

Erythrocyte ghosts were obtained by methods previously described 
(10,  11);    the ghosts were extracted with chloroform, methanol, and 
water by a modification of the method of Bligh and Dyer (11, 15), and 
the methanol-water phase discarded.    The chloroform phase was protein- 
free, but contained phospholipids,  glycolipids, and cholesterol  (13,  14). 
This phase was used to prepare the liposomes utilizing a Vortex mixer 
(Scientific Industries,  Inc., Springfield, Mass.)  as previously described 
(11) .    Each assay tube contained 100 yl of liposome dispersion containing 
1 ymole of phospholipid phosphate as measured by the phosphate assay of 
Gerlach and Deuticke (15). 

In a typical assay,  6C0 yl of the appropriate buffer,  100 yl of 
liposomes dispersed in this same buffer, and 100 yl of virus were 
incubated for 45 minutes at 37° C.    Regardless of the final pH of the 
incubation medium, the Sindbis virus was always diluted in pH 5.8 buffer. 
After incubation, the entire mixture was layered over 3.9 ml of 0.308 M 
sucrose and a cushion of 0.5 ml of 70% sucrose (w/v) .    The tubes were 
centrifuged at 50,000 rpm (234,000 x g)  and 4° C. for 45 minutes in a 
SW 50.1 rotor (Beckman Instrument Company, Palo Alto, CA).    This 
centrifugation was sufficient to bring down unattached virus onto the 
70% sucrose cushion and to cause the liposomes to float to the top of 
the tube.    Each tube and its contents were frozen in liquid nitrogen 
and cut into five segments with a jeweler's hacksaw.    As soon as the 
contents had melted, the liquid volumes of the segments were measured, 
the contents of each segment mixed, and 200 yl samples were removed 
for radioactivity counting.    Approximately 90% of the added volume and 
associated radioactivity could be recovered routinely from each tube. 

Results and Discussion 

A typical experiment illustrating the distribution of radiolabelled 
virus after centrifugation in the presence and absence of sheep erythro- 
cyte liposomes is shown in Figure 1.    Virtually all of the recovered 
virus appeared in either the top fraction (fraction 1)  or on the high- 
density sucrose cushion (fraction 5) .    Phosphate analyses performed on 
control tubes which contained only 100 yl liposomal dispersion revealed 
that at least 96% of the added liposomal phosphate was routinely 
recovered in fraction 1.    Control experiments utilizing each of the 
other buffers employed in this study gave similar results.    The inter- 
action of virus with liposomes was detected by a change in the sedi- 
mentation of the virus such that it floated with the liposomes.    The 
term "% Binding" hereinafter refers to the amount of radiolabel in the 
top fraction (fraction 1)  compared to the total counts recovered from 
all  five segments of the centrifuge tube. 
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Pretreatment of radiolabelled Sindbis virus with antiviral 
neutializing antibody completely inhibited the attachment to sheep 
erythrocyte liposomes at pH 5.8 (Figure 2).   The degree of inhibition 
was proportional to the quantity of antibody added.    In tubes con- 
taining the highest levels of antibody, all radioactivity quantita- 
tively sedimented to the bottom of the centrifuge tube, despite the 
presence of liposomes, which, as usual, floated to the top of the 
tube.    This result is consistent with the interpretation that all 
of the radiolabelled material corresponded to virus and was recognized 
as such by specific antibody. 

The hemagglutination of erythrocytes by Sindbis virus is pH-dependent 
and agglutination is maximal below pH 6.0 and minimal above pH 6.8.    We 
have found that the sheep erythrocyte can be substituted for avian cells 
without significantly altering the hemagglutinating properties of the 
virus.    Liposomes from sheep erythrocytes exhibited a pH-dependence 
for attachment which was similar to that of erythrocytes in the range 
of pH 6.0-6.8.    Thus, maximal binding occurred at pH 6.0,  and minimum 
binding above pH 6.8 (Figure 3).    It should be noted that pH-dependence 
of virus binding to liposomes was not absolute, and a low level of 
binding (at least 18%) was still observed above pH 6.8.    In contrast 
to erythrocytes, which cannot be easily tested in a hemagglutination 
assay below pH 5.8, liposome binding was measured over a more acid 
range, and near-maximum binding was consistently observed between pH 
3.3-6.0.    Control experiments demonstrated that, with respect to 
sedimentation characteristics, the virus itself was not altered by 
low pH.    The above effects of pH suggested the possibility that the 
interaction of virus and liposomes might be due to electrostatic 
bonds.    However, the influence of pH appeared to be important only 
during the initial association of the virus with the liposomes.    When 
the pH was raised to pH 6.7 subsequent to the initial interaction, 
the virus-liposome complex remained stable and did not dissociate 
(Table I).    Furthermore, separate experiments showed that raising the 
ionic strength eight-fold had little or no effect on the binding of 
the virus.    These results suggest that, although electrostatic forces 
may be important, this could not fully explain the results, and it is 
possible that other bonds may also play a role in the phenomenon. 
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TABLE  I 

pH stability of the virus-liposome complex 

pH of Initial Mixture 

5.8 

5.8 

Final pH 

5.8 

6.7 

% Virus Bound 

94 

92 

100 ul of sheep erythrocyte liposomes, swollen in isotonic phosphate 
buffered saline, pH 5.8, were incubated with radiolabelled virus for 
25 minutes at 378 C.    Where indicated,  the pH was then raised to pH 
6.7 by adding an appropriate volume of buffer of pH 7.4.    As a control, 
an identical volume of pH 5.8 buffer was added to the other tube, and 
incubation was continued for 20 minutes.    Each value represents an 
average of two experiments. 
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% RECOVERED RADIOACTIVITY 

LIPOSOMES — 

CUSHION — ^2 

FRACTION 

I 

WITH 
I.IPOSOMES 

89 

3 

1 

1 

6 

WITHOUT 
LIPOSOWES 

3 

2 1 

3 1 

4 1 

5 94 

Figure 1.    The centrifugation characteristics of Sindbis virus and 
liposomes.    Each tube contained 14,000 cpm radiolabelled Sindbis 
virus with and without 100 ul of liposomes prepared from sheep 
erythrocyte extracts.    The assays were conducted at pH 5.8 in 
borate-phosphate-saline buffer prepared according to the method of 
Clarke and Casals.    The values shown are the means of either five 
experiments (with liposomes) or four experiments (without liposomes) 
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Figure 2.    Inhibition of virus attachment following exposure to virus- 
specific antibody.    Radiolabel led Sindbis virus was pre-incubated 
with concentrations of either normal or immune mouse ascitic fluid 
for 10 minutes at 37° C. in borate-phosphate-saline buffer at pH 5.8. 
100 yl of sheep erythrocyte liposomes were then added and incubation 
continued for 45 minutes at 37    C.    "Inhibition" is defined as  100% 
minus % virus binding observed in fraction 1 (see Figure 1).    Addi- 
tional control tubes which lacked ascitic fluid showed 95% binding 
of the virus to liposomes. 
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Figure 3.    pH-dependence of Sindbis virus attachment to liposomes. 
Each point represents a separate liposome preparation.    The isotonic 
barbital-acetate-HCl-NaCl buffers were prepared as follows.    10 ml 
of 0.16 M sodium baibital-0.143 M sodium acetate was mixed with  1.0 
N HC1 to achieve the desired pH.    The solution was made isotonic by 
adding appropriate quantities of 1.54 M NaCl and water to a final 
volume of 50 ml.    100 yl sheep erythrocyte liposomes, swollen in the 
indicated buffer at the appropriate pH, we^e incubated in the same 
buffer with radiolabelled Sindbis virus. 
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CONCLUSION 

Additional work with liposomal model membranes from sheep RBC and 
Sindbis virus have demonstrated the following results: 

(1) The binding of radiolabelled virus to the membrane phospho- 
lipids is markedly enhanced when cholesterol is present in concentra- 
tions normally found in mammalian RBC.    The binding increases as the 
concentration of cholesterol increases in a manner described by a 
sigmoid-shaped curve,  reaching a plateau at a cholesterol/phospholipid 
rate of 0.75. 

(2) The binding of this virus to cholesterol containing liposomes 
is significantly enhanced in the presence of the phospholipid 
phosphatidylethanol-anine (PE), while the binding to liposomes which 
contained either sphingomyelin (SM) or phosphatidylcholine and 
cholesterol was markedly reduced.    Liposomes prepared from SM, PE, 
and cholesterol gave excellent binding,  thus indicating that phos- 
phatidylserine (PS), a normal constituent of sheep RBC, was not re- 
quired for attachment.    Liposomes prepared from PE,  PS, and cholesterol 
also gave excellent binding, demonstrating that the presence of SM 
was not necessary. 

(3) The total absence of glycolipids such as Forssmann antigen 
in these preparations rules out the possibility that these red cell 
membrane constituents are required for virus attachment.    Other sterols 
such as cholestanol and coprostanol may be substituted for cholesterol. 
This suggests that these sterols enhance binding by their well known 
property of restricting the movement of the phospholipids in these 
bilayer configurations. 

The present project entitled "Synthetic liposomes and macrophage 
activity" is being terminated because of completion of active duty 
of the associate investigator. 
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23 (U)    To develop a reliable and reproducible method in which organ cultures of small 
and large intestines of experimental animals and man ma.   be cultured and maintained with 
out producing alterations of function and metabolism.    Th«; cultured gut will be employed 
in studies on interactions between the mucosa and various bacteria, viruses and microbe- 
derived toxins.    These results will provide new information which should clarify the 
pathogenesis of acute diarrheal diseases in military personnel. 
24 (U)    Conventional morphologic techniques including phase contrast, light and electron 
microscopy,  and histochemistr   and isotope tracer menhods are being used.    Methods such 
as interference microscopy and cinematography will also be added as the work progresses. 
25 CU)    73 07-74 06    Utilizi.g a naw modified Rose's tissue culture chanber. the 
viability and growth of epithelial cells of the small and large intestine have been 
studied in fetal and adult mice and guinea pigs.    Fetal  intestinal epithelial cells 
could be grown and remain viable up to 2 weeks while the adult  counterparts do not sur- 
vive more than 2 days.    Cinematographic observations on growing intestine demonstrated 
the characteristic movement of lymphocytes and macrophages in the mucosa and determined 
that a close relationship was found between villus raotility and absorption of macro- 
nolecular transport and mucus discharge from goblet cells.    Current efforts have been 
directed toward the establishment of electron microscopic preparation of cultured guts 
and also methods of sequential determination of protein and immunoglobulin synthesis 
in the growing gut. 
For technical reports,  see Walter Reed Army Institute of Research Annual Reports 
I Jul 73 -   30 Jun 74. 
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Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00 In-House Laboratory Independent Research 

Work Unit 194 Development of an Organ Culture Method from Intestinal 
Biopsies 

Investigators. 
Principal: Akio Takeuchi, M. D. 
Associate: MAJ Walter Richardson, MC 

Description 

To develop a reliable and reproducible method for the organ 
culture of *he small and large intestine of experimental animals and 
man. The cultured gut will be employed in:  (1) Studies by various 
parameters of responses of the gut mucosa and sübmucosa to various 
enteric microbes and microbe-derived toxins; special attention will 
be paid to cinematographic recordings of as well as conventional 
static observations on various cellular interaction of the gut epithe- 
lium mucosa with various microbes and toxins. (2) Studies of repli- 
cation sites of certain enteroviruses in the cultured gut. 

These studies should provide valuable new information which will 
clarify as yet unsolved problems in pathogenesis of acute infectious 
diarrheal diseases common in military personnel at home and overseas. 

Background 

Organ culture techniques have proven to be of considerable value 
in the study of respiratory tract infections in man and animals. 
Recently, interest has developed in the organ culture of gut tissues 
for the cultivation of enteric viruses. Rubenstein and Tyrrell (1971), 
Dolin and Stenhouse (1970), and Derbyshire and Collins (1971) provided 
evidence of the mu.tiplication of viruses in organ cultures of the 
small intestine of the human embryo. Dolin et al. (1972) reported 
that viral antigens from viruses which belong to different viral groups 
were successfully detected in human fetal intestinal organ cultures 
by immunofluorescent techniques. Kagnoff et^ al_. (1972), in their 
organ culture study of adult rabbits, have reported that the metabolic 
function and synthesis of macromolecular substances including secretory 
IgA were still active after 24 hours culture in a Petri dish. Finally, 
Eastwood and Trier were able to culture the human small intestine of 
normal subjects and patients with ulcerative colitis up to 24 hours 
(Eastwood and Trier 1973). 
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Most of the chambers used by the above investigators appeared 
adequate for the growth of certain viruses and for evaluation of 
limited metabolic activities in the cultured bowel.    These chambers 
do not allow for an immediate and accurate and also sequential method 
of morphologic evaluation of intestines growing in cultures.   This 
shortcoming prompted the development of a new chamber allowing a 
convenient observation during actual organ culture. 

The chanfcer we have developed by modifying Rose's chamber pro- 
vides easier handling of tissues and better visualization of growing 
cells and tissues under the phase contrast microscope than conventional 
culture chanbers (Takeuchi et fd. 1974).    The viewing unit consists 
of a phase microscope equipped with a time-lapse cinematographic 
instrument, enclosed in a plastic housing connected with a thermo- 
control device which maintains the temperature of the unit at 37° C. 

Progress 

After numerous attempts to choose appropriate culture medium, 
we have found Medium 199 with 10% fetal calf or adult horse serum 
containing both streptomycin and penicillin to be satisfactory. 
However, the concentration of serum varies from 20% to 5% depending 
upon the age of fetus.    Contrary to the general belief that a constant 
supply of oxygen is imperative for maintaining an organ in culture, 
the fetal gut can grow without it for up to 48 hours and shows no 
structural degeneration.    Recently we have discovered that the supply 
of 100% CO2 at 370C gives the best results for the gut in organ in 
our chamber.    With changes of medium every two days, fetal small and 
large intestines of mouse and guinea pig have been maintained success- 
fully for up to 2 weeks (Fig. 2 and 3).    The direct visualization by 
phase contrast microscopy and continuous recording by time-lapse 
cinematography of the gut mucosa in the culture chamber have demon- 
strated occasional rhythmic movements of the muscle and villi for 
up to 10 days. 

Electron microscopy techniques for cultured intestines are being 
perfected.    This technique, when completed, promises the demonstration 
of details of cellular structures which will be correlated with static 
observations by phase contrast microscopy and dynamic movements of 
cells and tissue recorded by time-lapse cinematography. 

Functional studies on guts cultured in the organ culture 
chamber have been initiated.    They include study of protein synthesis 
by radio-tracer methods and of DNA synthesis by autoradiography. 
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Personnel assigned to this work unit have applied tissue and 
organ culture methods for electron microscopy to provide assistance 
in studies of Neisseria gonorrhea infections on tissue culture cells 
(See Annual Report of Dept. of Bacterial Diseases, WRAIR). 

Conclusions and Recommendations 

With improved organ culture techniques, fetal guts can be cul- 
tured up to 2 weeks without structural and functional alterations. 
Sequential observations can be successfully made on growing guts in 
our organ culture chamber by direct visualization by phase contrast 
microscopy with a magnification of up to 700 times and be recorded 
sequentially by time-lapse cinematography. With the latter technique, 
movements of the mucosa and also of individual cells can be analysed. 
Techniques for the application of biochemical and immunological 
methods are progressing and will provide important data on the 
growing bowel. All these techniques are to be utilized in determining 
the viability of growth of cultured bowel and will form the basis 
for the study of various experimental infections and injuries of the 
intestine in vitro. 
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Fig. 1 Fetal small intestinal mucosa of mouse maintained for 8 days 
in culture chamber. A growing villus sho- s no evidence of 
structural alterations. The brush border (BB) and epithelial 
cells are well preserved. 
Phase contrast microscopy. X 200 
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Fig. 2 Fetal small intestinal mucosa of mouse maintained for 7 days 
in culture chamber. The epithelium and lamina propria are 
unaltered. The brush border (BB) and nucleus (N) of epithe- 
lial cells are easily visualized. Occasional epithelial cells 
are well defined by intercellular borders. The cells are in 
a process of shedding from the epithelial layer. Numerous 
free cells represent lymphocytes, shedded epithelial cells 
and macrophages (M). 
Phase contrast microscopy. X 300 
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Fig. 3 Electron micrograph showing apical portion of epithelial 
cells, raid-villus, fetal small intestine, maintained for 
4 days in culture chamber. All cytoplasmic components 
including both rough and smooth endoplasmic reticulum, 
mitochondria and free ribosomes are unaltered. The 
glycocalyx (Gly), microvilli (M) and intercellular 
functional complex (arrows) are well preserved. 
X 5,800 
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Work Unit 194 Development of an Organ Culture Method from Intestinal 
Biopsies 
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23(U)  Studies utilizing in vitro Chromium fifty-one labelled sheep erythrocytes re- 
vealed a significantly shorter half-life than would be predicted from life span data ob- 
tained from the in vivo cohort Iron fifty-nine and Iron fifty-five studies. A study 
was conducted which demonstrates that Chromium fifty-one is rapidly eluded from sheep 
red blood cells and is excreted in the urine, and is not a suitable isotope for blood 
studies in sheep;these models are used in the military to determine human use. 
24(U)  Conventional methods and the utilization of isotope tracers such as Chromium 
fifty-one. Iron fifty-five and Iron fifty-nine are utilized to monitor the hemogram 
following exposure to primaquine. 
25(U)  73 07-74 06 The administration of primaquine to sheep via various routes, did 
not cause any deviation of hemograms from baseline or controls.  However, the erythro- 
cyte survival time and ferrokinetics using the radioisotopes Iron fifty-five and Iron 
fifty-nine in adult sheep revealed values considerably different from the few pre- 
viously reported studies in the literature. 
This project is being terminated due to the completion of active duty of an associate 
investigator. 
Fr  teo.-Tical reports see Walter Reed Army Institute of Research Annual Report 
". Jul 73 - 30 Jun 74. 
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Project  3Al6n01A91C  IN-HOUSE LABORATORY INDEPENDENT RESEARCH 

Task 00  In-House Laboratory Independent Research 

Work Unit 195 Sheep Red Cell Model for C6-PD Deficiency 

Investigators. 
Principal:     LTC Paul K. Hildebrandt, VC 
Associates: MAJ Charles A. Montgomery, VC: 

Background 

CPT Ralph C. Giles, VC 

The basis for this study was to determine if sheep may serve as a 
model for glucose-6-phosphate dehydrogenase deficiency and the hemo- 
lytic crisis which occurs with exposure to anti-malarial drugs such as 
primaquine.   It was concluded that sheep, although deficient in C-6-PD, 
would not develop hemolysis when exposed to drugs such as primaquine. 
Our work suggested that Cr     was not a suitable isotope tag for sheep 
red blood cells although the procedure has been established as one of 
the foremost methods for determining changes in erythrocyte survival 
rates in man, and certain experimental animals (1-3). 

Our initial studies and one previous report revealed bjphasic 
disappearance curves (5).   There was very rapid loss of      Cr activity 
from the circulation in the first few days followed by a slower decay 
curve, yielding an apparent red cell half-life which was significantly 
shorter than would be predicted from work using in vivo cohort labelling 
with isotopic iron (U,5). 

The present study was, therefore, undertaken to further evaluate 
the      Cr technique as a method for studying erythrocyte survival in 
sheep. 

Approach to the Problem 

Cr Survival Studies.   Under atraumatic, sterile conditions, 30 ml 
of blood was drawn from the jugular vein of each of five mature ewes and 
mixed with 10 ml of acid-citrate dextrose solution (UNITAC Centrifuge Bag 
with A-C-D solution, Abbott Laboratories)  (6).   One hundred microcuries 
of sodium chromate {RACHROMATE-51, specific activity 200 yCi/mg Abbott 
Laboratories) was added and the samples were incubated at 230C for 30 
minutes, with gentle agitation.   Following this, 100 mg of ascorbic acid was 
added to each sample with gentle mixing.   The cells were washed 3 times 
with 0.9% saline at 230C, and resuspended to the original bag volume with 
0.9% saline.   Thirty ml of the suspension was injected into the jugular vein 
of the autologous animal, and the remainder used to calculate dosage 
administration. 
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Blood samples (5-6 ml) were collected at 30 minutes, 1. 2, 3, 4, 5, and 
6 hours, and then at 8, 10, 12, 16, 20, 24 and 36 hours post-injection. 
Samples were then collected daily for 1 week and then 3 times weekly for 
the next 3 weeks.   Both whole blood and plasma samples were counted 
during the first 48 hours post-injection.   Thereafter, whole blood was 
counted.   The 24 hour sample was designated as time zero for the survival 
studies.   All samples were counted in a Nuclear-Chicago Auto Gamma Spectro- 
meter with a 3 inch thallium activated well-type sodium iodide crystal. 
Samples were counted simultaneously at the end of the study to avoid cor- 
rection for radioactive decay. 

Total urine volume was collected from each animal during the first 48 
hours after injection of labelled cells.   The urines were collected using 
anchored Foley catheters (Bardex, C.R. Bard, Inc.) and attached plastic 
bags which were preplaced 24 hours before erythrocyte labelling.   The urine 
samples were collected and volumes recorded at the same intervals as blood 
samples during the first 48 hours.   One milliliter aliquots from each urine 
sample were saved for counting. 

The 5tr survival study was repeated on sheep #52 and #64 approxi- 
mately 6 months after the initial study. 

"In vitro"     Cr study.   Two 10 ml blood samples were removed from the 
jugular vein of each of two adult ewes.   Using the technique described in 
the 5^ Cr survival study, one sample from each animal was mixed with 3 ml 
acid-citrate-dextrose solution, incubated with 30y Ci of sodium chromate and 
washed 3 times.   Thirty milligrams of ascrobic acid was added at the end of 
the labelling procedure.   The other sample from each animal was used as an 
unlabelled control and handled identically otherwise.   Under sterile conditions 
the labelled and nonlabelled samples were then suspended in 30 ml of auto- 
logous heparinized plasma to which dextrose had been added to a concen- 
tration of 250 mg%.   The samples were incubated at 38.5 C for 24 hours using 
mechanical agitation to mimic circulatory trauma.   Samples were removed at 
0, 8, 16, and 24 hours for determination of free plasma   51cr activity, erythrocyte 
^Cr activity, free plasma hemoglobulin activity, and total hemoglobulin con- 
tent (7). 

59Fe Survival Study.   Isotopic iron (Ferrous citrate-59Fe, Abbott, 
specific activity of 23 mCi/mg) was diluted in a 0.1% sodium citrate solution 
to a concentr»tion of 5uCi/ml.   Each of six adult sheep received 50 vCi of 
59Fe intravtnously in a volume of 10 ml.   Blood samples (3-4 ml) were col- 
letled ä\ ^ minutes, 1,2,3 and 4 hours post-injection.   Blood samples were 
then collected twice weekly for the next 4 weeks.   The average life spans were 
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calculated (8).   All samples were counted simultaneously at the end of the 
study to avoid correction for radioactivity decay in a Nuclear-Chicago Auto 
Gamma Spectrometer with a 3-inch thallium activated well-type sodium iodide 
crystal. 

Results and Discussion 

51, In the five animals used in the     Cr study, approximately 21% of the total 
injected label was excreted in the urine during the first 8 hours post-injection. 
At the end of 24 hours, 33.6% of the label had been excreted, and at 48 hours, 
36.2% had been excreted.  All urines were negative for both red cells and free 
hemoglobin.   During this period an equally rapid loss of 5tr activity from the 
circulation was noted.   Figure 1 shows the urinary appearance of label paralleling 
the loss of circulating label.  The corresponding plasma samples revealed an 
insignificant amount of radioactivity with counts ranging from 0 to 0.004% 
of the total injected label. 

The mean half-life of 5lCr-tagged autologous erythrocytes in the five sheep 
was 13.7 (S.E. +_1.7) days (Fig. 2). The respective half-life values for the 
five animals were 14.0, 20.0, 12.0, 10.5, and 12.0 days. The 24 hour sample 
was used as the time zero sample. 

The 5tr survival time when repeated in sheep #52 (12 days) and #64 
(14 days) approximately 6 months after the first study revealed comparable 
values of 11 days and 13 days for erythrocyte half-life. 

59 The mean erythrocyte survival time as calculated by in vivo      Fe-labelled 
erythrocytes in six mature sheep was 111.7 (S.E. +8.4) days.   The indi- 
vidual life span values were 96.5, 102.4, 102.8, 107.1, 108.6 and 152.9 days. 

The in vitro incubation of labelled erythrocytes from two adult sheep in 
glucose-rich plasma revealed a mean loss of 8.9%, 12.5% and 15.5% of the 
label from the red cell at 8, 16, and 24 hours after labelling.   Minimal release 
of hemoglobin into the plasma occurred during the incubation, with no sig- 
nificant difference observed between the labelled and nonlabelled samples 
(Fig. 3).   The mean hemoglobin concentration in the plasma of all samples 
at time zero was 3.91 mg.%and the concentration at 24 hours was 19.9 mg.% 
in the labelled samples and 19.5 mg.% in the nonlabelled samples.   In the 
labelled samples only 0.58% of the total erythrocyte hemoglobin was released 
into the plasma at the end of 24 hours, whereas, 15.5% of the erythrocyte 
51 Cr was lost into the plasma.   In the unlabelled controls, 0.57% of total ery- 
throcyte hemoglobin was released into the plasma at 24 hours. 
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This study confirms our earlier observations on the short apparent 
red cell half-life when ^Cr is used to label sheep erythrocytes.  The 
rapid loss of S^Cr activity from the circulation appears to be due primarily to 
rapid elution of the isotope from the labelled cells. Approximately one-third of 
the injected label disappears from the circulation and appears in the urine during 
the first 24 hours.  The urinary 51 Cr-activity is not associated with hema- 
turia or hernoglobinuria, suggesting that label elutes rapidly from the ery- 
throcytes and is cleared and excreted by the kidneys.   Our in vitro incubation 
study lends further support to the notion that elution of label from the red 
cells is the single most important determinant of 51Cr disappearance.   In the 
in vitro incubations we noted elution of 15.5% of label into the incubation 
medium over 24 hours in the absence of any significant hemolysis. 

In man, *" Cr elution from red cells is also a major determinant of the 
51   Cr-disappearance rate (2).  The elution rate is slower than we have ob- 
served here in sheep, yielding 51 Cr red cell half-lives of 28-32 days (7). 
Total red cell life span, as determined by cohort isotopic iron labelling, 
is similar for both humans and sheep, measuring about 110-120 days (4,7). 
The molecular events which account for the elution of 51 Cr from red cell 
binding sites remain undefined.   In human erythrocytes, the major binding 
of 51 Cr is at residue 93 on the  6-chain (9).   Additional binding also occurs 
to glutathione and other low molecular weight proteins (10-12).   It is not 
clear from which pool the 51 Cr loss occurs.   In certain hemolytic states, and 
with certain hemoglobinopathies, the elution rate is sufficiently variant from 
normal to yield false estimates of actual red cell life span (13). 

In sheep erythrocytes, the   51cr binding sites remain to be determined. 
It may be that no   ß-chain binding occurs, and the rapid elution occurs because 
of this.   We are planning to explore this possibility. 

We conclude that there is very rapid elution of      Cr from sheep red cells. 
Since it is not clear what the determinants of this elution rate are, the use of 
51  Cr to evaluate sheep red blood cell life span in experimental or pathological 
states should be approached with caution. 
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Figures 

Fig. 1.    Approximately 33.6%of the label was lost from the circulation 
and excreted into the urine 24 hours after injection of labelled cells. 

Fig. 2.    The mean half-life of 51Cr-tagged autologous erythrocytes in the 
five sheep was 13.7 days. 

Fig. 3.    Percent in vitro loss of 51Cr and hemoglobin into the plasma from 
labelled and non-labelled erythrocytes. 
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characteristics of antibodies.   Spin label will be attached to antibiotic molecules 
to study pharmacoklnetlcs of antibiotic action.   Miniaturized high speed continuous 
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microorganisms of medical Interest and for clinical diagnosis will be evaluated. 
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Investigators. 
Principal:    LTC Douglas J. Beach, MSC; CPT James A. Cella, MSC; 

Edmund S. Copeland, Ph.D.; Bhupendra P. Doctor, Ph.D.; 
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MAJ Michael E. Boykln, MC; LTC Gale E. Demaree, MSC; 
CPT James A. Kelley, MSC; SPH Edward F. Kenehan, B.S. 

A nuirber of problems of biochemical and clinical Inportance require com- 
plex organic molecules as probes, substrates, Indicators, etc.   The 
synthesis of these molecules often constitutes a major obstacle in these 
types of problems.   Hence there Is a need, not only for application of 
synthetic organic chemistry to bloroedlcal problems, but also for pre- 
liminary research into the development of new and better methods for 
synthesizing biologically lirportant molecules.   It Is this approach 
which has been applied in this work unit.   The principle areas which 
have been investigated are: 

1. Synthesis of spin labeled opiates. 

2. Synthesis of new types of stable free radicals which can be used as 
spin labels. 

3. Applications of stable free radicals in clinical chemistry, bio- 
chemistry and cellular biology. 

4. Characterization of the narcotic binding site in the central nervous 
system using spin labeled morphine (Sli^) as a physical probe. 

5. The use of ESR flow systans in conjunction with the S-122 conputer 
system to eliminate ESR tuning errors and errors in analysis of ESR 
spectra fron low concentrations of spin labeled molecules. 

1. Spin labeled opiates. 

After several unsuccessful attenpts at selective alkylatlon of 
morphine or codeine at the sterically hindered 6-posltlon with alkyla- 
ting agents derived from stable nitroxide radicals, the mode of the 
reaction was reversed. Instead, the opiates were converted to alky la- 
ting agents while the nitroxide containing moiety acted as the nucleo- 
phlle. Treatment of morphine with thlonyl chloride afforded a-chloro- 
morphlde, 1, which reacted with ll-arJno-2,2,6,6-tetrainethylpiperldlne- 
1-oxyl in diglyrae at 100-110° to produce the 8-spln labeled derivative, 
2, in ca. 25% Isolated yield. 
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Similar treatment of codeine with thlonyl chloride followed by S^' 
displacement of the chloride, la, vdth the same nitroxide reagent 
afforded 8-spin labeled codeine, 2a.    Brcmination of codeine with PBrv 
afforded bromocodide, 3., which reacted with radical 4^ in an Sn2, 

fashion to yield 6-spin labeled codeine, 5.   The route used to prepare 
the 6-labeled codeine derivative, 5., has not yet been successful with 
morphine and several alternate approaches to this derivative are under- 
way.    Although these spin-labeled derivatives give satisfactory ESR 
and mass spectra and have correct elemental analyses, it has not been 
possible to differentiate the positional isomers, i.e., 2a and 5.    At 
this point, crystalline sanples of 2a and 5 are in preparation and 
these should yield more definitive information about the structure of 
these isomers. 

These spin-labeled compounds are of value for a number of reasons. 
First, neither of the physiologically Important functions, the 3- 
hydroxyl and the tertiary nitrogen, are altered.    Hence, the compounds 
should possess phanracological activity not too different fron the 
unlabeled coirpounds.    Second, these derivatives are hydrolytically 
stable and will not lose the spin-label under ordinary physiological 
conditions.   Third, the method of synthesis of thet'.e conpounds allows 
for structural variation not only of the position of attachment of the 
label to the opiate but also variation of the length of the chain 
Joining the spin label and the opiate. 
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2.   New stable radicals. 

Phenalene, 10, is an Interesting molecule In that removal of a 
proton, hydride and hydrogen atom all occur with facility to afford a 
relatively stable anion, cation and radical respectively.    It has been 

10 11 12 13 

•proposed that 9-azaphenalene, 11, should be interesting in that it is 
isoelectronic with the anion derived from 10.   Moreover, in view of the 
remarkable stability of the radical derived fron 10 (stable for months 
in solution), the analogous radical, 12, derived from 9-azaphenalene 
should be of considerable stability and may prove useful as a free 
radical-fluorescent probe.    Accordingly, the synthesis of this molecule 
is currently being Investigated by a number of routes.    The most promis- 
ing route to 11 is via 2,6-bis-allylpyrldine, 13, which can be prepared 
In several steps fron commercially available 27^-dihydroxylutidlne. 

3.    Clinical applications of stable radicals. 

A number of substances interfere with blood glucose determinations, 
notably L-Dopa and ascorbic acid.    The redox potential of nltroxide 
radicals is such that they are reduced by many of the interfering sub- 
stances but not by glucose.    Conjugation of a nltroxide with a protein 
should afford a high molecular weight non-dlalizable conpound capable 
of reacting with the Intefering substances In a continuous flow analysis. 
Accordingly, 4-amlno-2,2,6,6-tetramethylplperldine-l-oxyl was conjugated 
to bovine thyroglobulln using a water soluble carbodilmide.    Dialysis 
of the reaction mixture afforded a solution of the protein containing 
covalently bound nltroxide.    ESR spectroscopy confirmed that the 
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nltroxlde was Indeed bound to the protein.   Prellmlnaiy tests with this 
protein In the AutoAnalyzer system Indicate that interference by 
ascorbic acid Is only partially removed.   Further studies will be con- 
ducted to attempt to eliminate this Interference. 

4. Characterization of the narcotic binding site In the central nervous 
system using spin labeled morphine (SUT) as a physical probe. 

It has not been possible to detect bound SIM In studies with CNS 
subfractlons.   Until ESR evidence can directly demonstrate morphine 
lumoblllzatlon by a brain organelle or membrane. It will not be possible 
to obtain data leading to the characterization of narcotic binding 
sites.    However, we have obtained some evidence pertaining to the 
magnitude of the binding phenomenon using whole brain synaptosomes and 
SIM at 1 yM concentration with 10 mln Incubation at 23° and ESR observa- 
tion at ll0.   The reduction In concentration of free SUM during various 
Incubation processes showed that a total of 36.1 + 1.155 of the SIM 
present was bound; 28.9 + 2.55? of the SIM was bound during Incubation 
and 21.1 + 4.8^ of the SIJVI binding was prevented by prelncubatlon of 
the synaptosomes with 1 mM nalorphlne.   Maximal binding of SIM by 
synaptosomes was reached at 50 mg of synaptosomal protein per ml.   At 
higher synaptosomal protein concentrations, SIM binding remained constant. 

Further work on this project awaits completion of efforts In progress 
to 1) Increase sensitivity of the ESR spectrometer so as to detect spin 
labeled preparations in the nanomolar concentration range, 2) prepare 
different types of spin labeled morphine which retain more biological 
activity than 2-SD'I, and 3) localize and concetrate the narcotic bind- 
ing site In appropriate brain subfractlons. 

5. The use of ESR flow systems in conjunction with the S-122 computer 
system to eliminate ESR tuning errors and errors in analysis of ESR 
spectra from low concentrations of spin labeled molecules.    ~ 

Two different types of flow systems coupled to ESR flat cells have 
Indicated the feasibility of obtaining optimal sensitivity while main- 
taining the sairple temperature at fixed values In the 0° to 40° range. 
Using a specially constructed variable temperature insertion Dewar with 
an ID of 7 ran (vs 5 ran), It has been possible to insert a modified vari- 
able tenperature flat cell with .015 inch IVgon tubing leading along 
each side from the top to the bottom of the flat cell where the sample 
can be pumped   at .64 ml/mln into the flat cell.   By carefully position- 
ing the tubing along the sides of the flat cell. It has been possible 
to keep the aqueous sairple In regions of minimal microwave electric 
field concentrations, to allow flow of the sairple through the cavity 
during the ESR scan, to remove traces of samples by air bubbles inter- 
spersed with buffer solution washes between samples and to capitalize 
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on the inherently greater sensitivity of the quartz flat cell for 
aqueous sample analysis.   Using the S-122 canputer system, it has been 
possible to detect and characterize spin label preparations of less 
than 10-7 M.   Refinement of the system should pennit detection and 
characterization capability for 10-° and 5 x 10-9 M preparations. 

The software for the S-122 conputer system has been adapted so that 
background signals from buffer and other cavity contents can be sub- 
tracted from the ESR signal before integration and line width analysis. 
Developments have been made to cause the S-122 to make the measurements 
necessary for rotational correlation time analysis.   This removes 
sources of error Inherent in manually obtaining the necessary parameters 
fron relatively noisy ESR spectra. 

A second flow system was devised which offers promise in eliminating 
error arising from attempts to reposition a flat cell identically each 
time that it is loaded with sample.    It utilizes a large room tempera- 
ture flat cell with a cooling bath external to the ESR cavity to main- 
tain constant sample tenperature.    Because of the markedly larger size 
of this flat cell in the sensitive volume of the ESR cavity, this flow 
system is currently an order of magnitude more sensitive than the 
modified variable flat cell system described above.   However, sample 
volumes of about 5 ml are required with the current desigi and it is 
not as amenable to continuous sanple analysis as is the smaller system. 
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23 (U)    To evaluate the effect of adrenerglc receptor stimulation on colonlc mucosal 
electrolyte flux and to determine the feasibility of using Intestinal mucosal potential 
difference as an Indicator of viability subsequent to Ischemia.    These studies provide 
Information that relates to gastrointestinal mucosal changes that occur   In severely 
wounded soldiers. 

24 (U)    An in vitro system was used to measure short circuit current, membrane potential 
and electrolyte fluxes in order to determine adrenerglc effects on flux.    In vivo 
measurement of transmural electrical potential was performed In both control and 
ischemlc intestinal segments to evaluate viability. 

25 (U)  73 07 - 74 06.    Eplnephrlne, an alpha adrenerglc stimulant, when administered 
over a broad dose range decreased membrane short circuit current and electrolyte flux. 
This response was abolished by pretreatlng the tissues with phenoxybenzamlne,   an alpha 
adrenerglc antagonist.    Isoproterenol,  a beta adrenerglc stimulant, only had an effect 
at high concentration.    The data demonstrate alpha adrenerglc receptor effects  on mem- 
brane electrolyte flux.    The effect may be of significance in the gastrointestinal 
response to stress since plasma eplnephrlne levels become elevated.    Transmural poten- 
tial difference decreased during intestinal ischemia.    The decrease and return of po- 
tential upon revascularlzation correlated well with survival of the intestinal segments 
Measurement of transmural potential may provide an intraoperative test for intestinal 
viability subsequent to mesenteric ischemia. 
For technical report see Walter Reed Army Institute of Research Annual Progress Report. 
1  Jul 73-30 Jun 74. 
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Project 3A161101A91C    IN-HOUSE IABORATORY INDEPENDENT RESEARCH 

Task GO    In-House Laboratory Independent Research 

Work Unit 199   Membrane transport in gut 

Investigator. 
Principal:    MAJ Nelson J. Gurll, MC 

Background and Problem.    Much has been learned about the basic 
mechanisms of electrolyte and water secretion and absorption In the in- 
testine.    However,  alterations of these transport processes have not 
been elucidated in a variety of clinically important states such as 
shock, mesenteric ischemia, and strangulation obstruction.    Studies have 
been conducted to investigate the effect of catecholamlnes on electro- 
lyte transport by the gut and the effect of mesenteric vascular obstruc- 
tion on the mucosal membrane potential. 

Experimental Approach.    In vitro studies of a rabbit's large intes- 
tinal mucosa were performed using modified Ussing chambers.    The effects 
of catecholamlnes on ion transport as determined with radioisotopes were 
investigated under short circuit current conditions.    Mucosal potential 
difference (a function of the electrogenic sodium pump) was also 
measured in vivo In a rabbit's small intestine and the responses to 
mesenteric ischemia and strangulation bowel obstruction were determined 
by comparing control and ischemic loops of intestine. 

Results and Discussion. Epinephrine and norepinephrine caused a 
dose dependent decrease in short circuit current (net ionic fluxes) 
associated with an increase in coupled sodium absorption and a de- 
crease in bicarbonate secretion.    This effect was independent of sub- 
strate but was dependent upon the presence of CO2 and bicarbonate 
bathing the mucosal surface of the tissue.    Since the effect was 
blocked by the alpha adrenergic antagonist phenoxybenzamine,  it would 
appear there exists an alpha adrenergic mechanism that influences the 
absorption of sodium and bicarbonate in the colon.    This mechanism may 
be Important in the mucosal response to shock characterized by a high 
circulating level of catecholamlnes. 

The transmural small intestinal potential difference fell when 
the blood supply to a loop of intestine was compromised.    There was a 
significantly lower potential difference in ischemic versus control 
intestinal loops in rabbits later developing intestinal infarction. 
In rabbits that did not develop intestinal infarction no difference 
in potential difference was found between ischemic and control loops. 
Thus potential difference can be used as an indicator of future in- 
testinal viability; but its clinical usefulness is limited by the 
necessity of performing an enterocomy in order to measure the elec- 
trical potential. 

(Two manuscripts are in preparation on these areas of research.) 
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2 3.   (U)  This work unit  is  concerned with the study of  basic mechanisms of the  inmediate 
type allergies,   and  the development of methods  for the  isolation and  char i   terization 
of antibodies  and enzymes  involved in hypersensitlvity reactions.     The ate goal is 
the control of hypersensitlvity reactions  and the control of  the  immuii' onse  in 
parasitic and other  infectious diseases in military personnel. 

24. (U)  The production and  characterization of  homocytotropic antibodit-     the mechanism 
of leukocyte dependent histamine release,   the characterization of cellular receptor 
sites  through attachment of   immunoglobulins  to well defined artificial membranes  and 
the  role of cellular and humoral Immunity in various parasitic infectims are being 
studied. 

25. (U)   7307-7406    xhe response of guinea pif, skin in passive  cutaneous anaphylactic 
reactions has been studied with respect  to  tie dose  i-esponse relationship.   Studies on 
sthistosomiasis  have revealed a role for botl.  antibody and cellular effectors.  Lipid 
antigens have been shown  to be  involved  in  the  reaction of  antibody with trypanosomes 
and schistosomes.     Methods  have been developed  for in vitro studies of malaria para- 
sites and  trypanosomes.     This work unit  is being combined with Project  71Q    DAOA6449, 

work unit  172.     For technical  report see Walter Reed Army Institute of Research A inual 
Repoi-,   1 July   1975 to 30  June  1974. 
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Project    3A161102B71P   BASIC RESEAPCH IN SUPPORT OF MILITARY MEDICINE 

Task   01   Bioraedical Sciences 

Work Unit    070    Antigen-antibody reactions in vivo and in vitro 

Investigators, 
Principal: 
Associate: 

LTC Carter L. Diggs, MC, M.D. 
MAJ Carl Alving, Wß, M.D.; MAJ S.  M.  Phillips, VC, M.D.; 
MAJ Herbert B.  Lindsley, MC, M.D.; CPT Gary Campbell, MSC, 
Ph.D.; CPT Willis Reid, MSC, Ph.D.;  John Barbaro, Ph.D.; 
John Bruce,  Ph.D.; Daniel Conrad,  Ph.D.; M.  B. Gibbs, Ph.D.; 
Martin Hirsch, M.D.; K.  Joseph,  Ph.D.; Robert Schwartz, 
M.D. ; D. T.   0. Wong, Ph.D.; George Writz,  Ph.D.; Richard 
Wistar, M.D., Ph.D.; J. P.  Bingham;  James Dillon, B.S.; 
SP5 Klaus Esser, B.S.: Barbara Flemmings, B.S.; John 
Fowble, B.S.; Pat Lane, B.A.; R. O'Guin; Maurice 
Schoenbechler, B.S. 

The mission of this work unit is to perform basic research directed 
towards a better understanding of the immunology of infectious diseases. 
These studies involve the use of model systems both in vitro and i^n vivo. 
A major effort is in the application cf approaches used in other areas of 
imraunological research to infectious disease processes.    These projects 
are described below. 

1.    Quantitative passive cutaneous anaphylactic  (PCA) reaction 

Description.     The most commonly used method for the titration of 
skin sensitizing antibodies by the passive cutaneous anaphylaxis re- 
action (PCA) is the end-point titration.    This consists of a determi- 
nation of the highest dilution of antiserum which provokes a positive 
reaction when challenged with antigen (l).    Treadwell et al.   (2), 
utilizing the end-point titration, expressed their results as PCA units/ 
ml, which are determined by dividing the reciprocal of the highest 
dilution of antiserum giving a minimal reaction by the volume of anti- 
serum injected. 

Although these methods of quantitation are useful,  they are prone 
to large error.    In addition, there is a wide range of animal respons- 
iveness that is not controlled,  necessitating the use of a large number 
of test animals. 

This investigation was initiated to explore methods which might 
allow more reliable estimates of the potency of antisera and to elimi- 
nate or minimize the contribution of individual animal variation to such 
estimates. 

It has been demonstrated that the diameter of the blue spot ob- 
tained when skin sensitizing antibody reacts with antigen in skin is 
proportional, within limites, to the amount of antibody injected (3)» 
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and that the diameter obtained with various vascular permeable sub- 
stances is directly proportional to the logarithm of the dose Injected 
(k).    In the present experiments, antisera were titrated and the di- 
ameter of the response plotted against the logarithm of the antiserum 
dilution injected intradermally.    The regression line obtained was 
extrapolated to the 5 mm intercept and the titer defined as the dilution 
required to give a diameter of 5 mm. 

Results and Discussion 

Over 250 antisera were titrated and the data analyzed as described 
above.    The lesion diameters plotted against the logarithm of the dose 
generally resulted in parallel regression lines.    The titers obtained 
by the sl^pe method were compared to the usual end point titration 
method.    Table 1 lists the results obtained with selected sera.    Out 
of 112 sera compared, 82 had slope titers that fell between the last 
positive reaction and the first negative value and the remainder had a 
slope titer greater than the first negative reaction.    These results 
establish that the slope method generally agrees with the end titer. 
More importantly, there are several advantages that the slope method 
has over end point titrations.    First, with the slope method, all the 
values are involved in the determination of the titer,  in contrast to 
the end point titration where only the last value is used.    Second, 
there is no theoretical limitation as to the extent of differences 
needed to determine the effects of various treatments whereas the end 
point method requires at least a 50 percent difference.    Third the slope 
method offers a visible indication of changes in mechanism (i.e. change 
in slope) when comparing -various treatments which may not be apparent 
by end point titration. 

Table 1 

Comparison of Slope and End Point Titration 

i 

PCA Titer* 

Antisera End Point Titration- *■■* Slope Titration»** 

Fl ?20 377 
F2 l60 2U6 
F5 320 1+83 
A300 6U0 769 
AUOO 80 120 
F300 61+0 151+0 
S20 6U0 2000 
F10 6k0 885 
7h0 320 1+76 
A50 l60 701+ 
A20 6U0 1087 

I 

*Reciprocal of the dilution. 
**The last dilution giving a positive reaction, 

***Extrapolation of slope to obtain dilution 
giving a 5mm diameter. 
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The data from over 30 titrations of various guinea pig antisera 
were analyzed to determine what equation best described the PCA re- 
action. The results obtained suggest that the PCA reaction can be 
interpreted by the Michaelis-Menten equation, described as follows: 

Bmax 

1 + Ion 
Ab 

WSfWJWJ!-1.1." i 

where    b = diameter of lesion 

Bmax = maximal diameter of attainable 

Ab = antibody concentration 

Km = concentration of antibody at which lesion 
diameter attains half its limiting value (Bmax). 

Tentative acceptance of this application of the data allows the 
comparison of various parameters derived from this equation. Table 2 
lists the Bmax, Km and the slope obtained using the linear portion of 
the Michaelis-Menten plot of some of the antisera analyzed. It is 
apparent that the Bmax, that is, the maximal diameter attainable, is 
within the range of 15-20 ram, that the Km varies considerably as would 
be expected and that the slope of the line for all the antisera analyzed 
fall either between -2.1+ to -3.1 or -1.3 to -2.0. Table 3 demonstrates 
the inverse relationship between the Km and the titer of various anti- 
sera. The significance of this relationship between Km and titer is 
being studied. 

Table 2 

Parameters Obtained From 
Michaelis-Menten Equation 

Antisera Bmax Km Slope 
Fl 19-07 31.36 -3.1 
A300 19.U1 75.65 -3.1 
S10 18.78 106.50 -3.1 
F20 15.85 39.36 -2.I4 
F30 17.97 77.68 -2.7 
A20 19.37 6.78 -3.1 
S50 15.72 69.2k -2.5 
F50 16.01 39.82 -2.7 
AUO 15.62 1.86 -1.3 
A10 15.87 5.96 -2.0 
SUO 15.98 2U.89 -1.7 
S30 17.87 15.22 -1.9 
F200 15.U3 15.33 -1.7 
F10C 15.15 56.92 -1.6 
F50U 17.59 32.59 -1.7 
si+oi 17.2I4 88.0U -I.J4 

! 
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Table 3 

Relationship Between Km and Titer 

Sera Boost Titer Km 
A300 3B 

UB 
5B 

1+00 

833 
769 

75.65 
3^. 6U 
28.00 

S10 UB 
5B 
6B 

313 
690 
1170 

106.50 
1+1.68 
3^.13 

■p^O 3B 
kB 
5B 

S62 
1587 
70U2 

51.86 
32.59 
U.59 

It should be noted that there are a number of unanswered questions 
regarding the application of the Michealis-Menten equation to the PCA 
reaction.    The main question to be resolved ir whether or not the 
parameters derived from this analysis of the data relate reasonably 
close to what is found experimentally.    Preliminary results suggest the 
Bmax calculated by the Michaelis-Menten equation does net reflect the 
true Bmax that can be obtained experimentally.    Work is planned to 
determine the Bmax with various pharmacologically active substances. 
It is felt that the Bmax is not only influenced by the particular anti- 
body (substrate) used but also by the individual test animal used for 
the assay.    In other words, the Bmax reflects the individual animal 
variation.    If this is true, then by utilizing the Bmax the data can be 
expressed as percent response at a given antibody concentration, which 
is suitable for probit analysis.    Expression of the data in this manner 
will minimize the effect of individual animal variation and should make 
titrations among different animals comparable. 

2.    Characterization of guinea pig homocytotropic antibody 

Objective;    TMs investigation was v:idertaken with the aim of 
determining an optimal antigen-adjuvant combination and immunization 
schedule for the production of homocytotropic antibodies in guinea pigs. 

Description:    The production of antibody and indeed, various 
classes of iTrurrunoglobulins is influenced by the adjuvant as well as 
the antigen used for immunization (5).    The antigen used throughout 
this investigation was p-amino benzoate diazotized to guinea pig serum 
albumin (PABA-GPSA).    This hapten conjugated homologous protein antigen 
was selected for immunization so as to limit the production 
of antibody and thus to augment the effects rf the various adjuvants 
with regard to antibody potency and specificity.    The results of this 
report will deal exclusively with IgG production. 
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The antigen used for immunization was p-amlnobenzoate conjugated 
by a modification of the method of Nisinoff (6) by coupling the dia- 
zonium salt derivative to guinea pig serum albumin.    Guinea pigs were 
primed and boosted with 10 ug antigen either in Freund's complete ad- 
juvant or adsorbed to alum or diluted in saline.    Bleedings by puncture 
of the orbital plexus were obtained every 7 days post injection and 
the individual sera were frozen at -50oC until assayed for antibody 
activity by the passive cutaneous anaphylactic (PCA) reaction.    The 
technique used was essentially the same as reported by Ovary (?) with 
some modification.    Estimation of the titer of antiserum was determined 
by plotting the diameter of the blued spots against the logarithm of the 
antibody concentration injected as described in the preceding section. 
The titer of the antiserum was expressed as the antibody dilution re- 
quired to evoke a 5 mm reaction diameter as determined from the plotted 
values. 

Results;    Figure 1 illustrates the percentage of guinea pigs pro- 
ducinglgGrl   homocytotropic antibody after each booster injection with 
different antigen-adjuvant combinations for priming and booster ir.jec- 
tions.    The results demonstrate that all guinea pigs primed with aiti,-',an 
emulsified in complete Freund's adjuvant (Ag-CFA) produced antibcly 
after U or 5 booster injections regardless of the antigen-adjuvaut com- 
bination used for the booster injection; a substantial number of these 
animals produced homocytotropic antibodies after the firjt booster 
injection.    This is contrasted with guinea pigs primed with antigen 
diluted in saline (Ag) where only the group boosted with the combination 
0+ Ag-CFA responded maximally after 6 booster injections whereas only 
25fo of the guinea pigs boosted with the combination of antigen adsorbed 
to alum (Ag-A) were capable of homocytotropic antibody production and 
none of the animals boosted with Ag without adjuvant produced antibody. 
Further, the appearance of antibody was delayed in comparison to the 
group primed with the Ag-CFA combination in that antibody was not 
present in those animals capable of antibody production until the third 
or fourth booster injections.    Those guinea pigs primed with Ag-A com- 
bination were intermediate between the group primed with Ag-CFA and Ag. 
Although most of the animals produced antibody, the response was never 
maximal and with lb? group boosted with Ag there was a decrease in the 
number of guinea pr.^s producing antibody.    The time of appearance of 
antibody was also intermediate in this group in that at least 2 or 3 
boosts were required to demonstrate the presence of antibody. 

Table k demonstrates the importance of the combination of antigen- 
adjuvant used for the primary antigenic stimulus as well as the inter- 
action between the primary injection and different antigen-adjuvant 
combination used for subsequent booster injections.    It is apparent 
that when the group of guinea pigs primed with Ag-CFA is ccmpared to 
the group primed with either Ag-A or A that there are a greater number 
of positive sera with the combination of Ag-CFA used for priming regard- 
less of the antigen-adjuvant combination used for boosting.     This is 
most proncu.   ^d in the animals boosted with Ag (no adjuvant) where Söfo 

173 

 • in ■"•—" ■—   1 mi 
HI« Ill MM mmm 



liPiiilBliPpillliiP^ j.M»iwwuitjwi|Miwiwy™iw,iwi.>^^ 

In 

Bootttd with 

a Ag 

B AgA 

5 AgCFA 

1 40- 
5 20- III 

1234567 
Primed with    AgCFA 

1234567 
AgA 

1234567 
Ag 

Fig.  1.    Comparison of the number of responding animals  to 
various antigen and adjuvant combinations. 

of the sera are positive in Ag-CFA primed animals while only 3^/» have 
antibody activity when primed with Ag-A;  none of the sera were positive 
with Ag priming.    Further, the data demonstrates that the number of 
positive sera obtained from the group primed with Ag-CFA was the same 
whether the combination used for the booster injections were Ag-CFA, 
Ag-A or Ag whereas the response obtained from the guinea pigs primed 
with Ag or Ag-A were dependent on the antigen-adjuvant combination used 
for boosting.    Fi 'ty per cent of the sera obtained from guinea pigs 
primed with Ag (no adjuvant) and boosted with Ag-CFA were positive 
while only lh% and hone of the sera from animals primed with Ag were 
positive when boosted with Ag-A or Ag, respectively. 

Over 250 out of   / il   of ?Q'( sera were titrated  to determine the 
combination of priming and booster injections that gave the best titers 
irrespective of the group that demonstrated the largest number of anti- 
body producing guinea pigs.    To facilitate comparison among  the varionn 
groups the data is expressed as the percentage of guinea pigs producing 
a particular titer range in Table 5.    When one compares the titers 
obtained when using the antigen-adjuvant combination for both priming 
and boosting, it can be seen that priming and boosting with Ag-CFA gave 
higher titers than priming and boosting with Ag-A in which all of the 
sera had ticers less than 1/500.    The use of Ag alone for both priming 
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and boosting did not result in antibody production. The highest titers 
were obtained when Ag-CFA and Ag-A were used in sequence. The greatest 
number of titers in excess of 1/5000 vere obtained with the schedule 
using Ag-A for priming followed by boosting with Ag-CFA. 

Table h 

Number of Guinea Pigs Responding to Different 
Combinations of Primary and Secondary Injections 

Boost Ag-CFA Ag-A Ag 

1 2/5* 0/5 0/5 
i        2 V5 1/5 0/5 

3 V5 2/5 lA 
i         h 5/5 V5 3A 

g 5 k/k V5 3A 
■ 6 h/h V5 h/k 

«3; 7 k/k V5 h/k 

Total 
1-7 27/32 19/35 15/30 

1 V5 0/5 0/U 
2 V5 1/5 oA 
3 V5 1/5 0/1+ 
h k>5 2/5 iA 
5 5/5 V5 iA 

< 6 5/5 V5 iA 
1 

i            < 
7 5/5 V5 iA 

Total 
1-7 31/35 16/35 k/28 

1 3/5 0/5 0/5 
2 3/5 0/5 0/5 
3 V5 2/5 0/5 
h 5/5 2/5 0/5 
5 5/5 3A 0/5 

w 6 5/5 2/li 0/5 
7 5/5 2/l4 0/k 

Total 
1-7 30/35 11/32 0/3^ 

^-Positive sera/total sera tested. 

Figure 2 shows that the pattern of response of those animals primed 
with Ag-CFA followed by Ag-A boosts differed from animals immunized in 
the reverse order. Each point represents the average of 5 animals; the 
same pattern is obtained in the case of individual animals. When Ag-CFA 
was used as a priming agent followed by boosts with Ag-A peak titers 
were obtained within the first or second boosts and diminished with each 
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succeeding boost. In contrast, priming with Ag-A and boosting with 
Ag-CFA showed a progressive increase in IgG, production which did not 
appear to peak even after 7 boosts in spite of the high titers obtained. 

7000 

6000-■ 

5000 ■ 

K 
L) 4000-- 

< o a. 
300O- 

200O- 

1000 - 

Primtd with AgA 
BootUd with Ag CFA 

Primtd with Ag CFA 
Bootttd with Ag A 

Fig. 2. IgCH. antibody production using adjuvant 
combinations of Alum and complete Freund's adju- 
vant. 

Discussion and conclusion; The data obtained demonstrates thp 
importance of first contact with antigen and the effect subsequent 
booster injections with a different antigen-adjuvant combination has 
on the production of IgGl in guinea pigs. The group primed with antigen 
in Freund's complete adjuvant produced antibody earlier regardless of 
the antigen-adjuvant combination used for booster injection. This is 
in contrast to the group primed without adjuvant where the response was 
either delayed when booster was given with Freund's complete adjuvant 
or partially or totally suppressed with booster injections administered 
with alum or without adjuvant, respectively. The percentage of positive 
sera obtained from the group primed with antigen in F.-eund's complete 
adjuvant was the same regardless of what antigen-adji vant combination 
was used for boosting whereas the response obtained from the group 
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primed with either antigen adsorbed to alum or antigen alone was de- 
pendent on the antigen-adjuvant combination used for boosting. 

These results may in part be due to the particular antigen used in 
this investigation. The use of a hapten conjugated to homologous serum 
albumin may possess iramunogenicity only if an extrinsic adjuvant is 
present. Rubin et al. (8) have demonstrated that DNP conjugated to 
homologous mouse serum was unable to produce antibody unless Freund's 
complete adjuvant was present, a result similar to that is obtained in 
this study. It is of interest to point out that alum as an adjuvant 
with this antigen is not as effective as Freund1s complete adjuvant in 
that the number of responders was less than maximal and the titers 
obtained were relatively low. 

The guinea pig possesses at least 3 homocytotropic antibodies; two 
heat stable Igfjl'sand a heat labile IgE (5). The two heat stable IgG 
immunoglobulins are antigenically similar and can be differentiated by 
their biological activities and electrophoretic mobilities. The question 
arises as to which IgG immunoglobulins are produced when different 
antigen-adjuvant combinations are used. Parish's (5) criteria for dif- 
ferentiation of the heat stable IgG antibodies is based on the latency 
and persistence in guinea pig skin. The h  hour IgG confers good re- 
actions after a latency of U hours which is weak or absent on the fourth 
day whereas the 7 day IgG gives little or no PCA activity at h hours, 
but strong sensitivity after 16 hours which persists for 7 days. The 

^tibody assayed in this investigation appears to be primarily the 
vpe using Parish's criteria. Preliminary results indicate that 

■G types are produced and investigations are in progress to de- 
e the effect various antigen-adjuvant combinations t-^ve on the 

selective production of these 2 IgG antibodies as well a    ' antibody. 

The most interesting finding is the synergistic ef     n IgG pro- 
duction when either antigen adsorbed to alum or antigen    Freund's 
complete adjuvant are used for priming and/or boosting which produced 
the best titers of antibody. The enhanced effect obtained when using 
these two adjuvants in conjunction with one another indicates that the 
mode of action of the adjuvants are complementary. Regardless of the 
explanation for for the synergistic effect of these two adjuvants these 
results stress the importance that initial exposure of antigen exerts 
on the production of IgG antibody. 

3. Induction of immunity to Plasmodium berghei in inbred mice. 

Objective: This project is designed to explore the efficacy of 
gamma irradiated Plasmodiuiix berghei infected erythrocytes as an immunogen 
in the production of immunity to the organism in strain A mice. 

Description: The studies of Sadun, et al. (9) have clearly demon- 
strated the feasibility of immunization of mice and rats against Plas- 
modium berghei and of Aotus monkeys agains Plasmodium faleiparum by the 
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use of ganmft irradiated infected erythrocytes. All of these studies 
were performed in outbred animals, and the extension of these studies 
to inbred mice was required for several reasons. Passive transfer 
experiments have demonstrated that the serum of immune animals contains 
antiparasitic activity. However, the study of the specificity of this 
activity for parasite antigen is complicated when the possibility exists 
that the antigody is directed towards erythrocyte antigens. The present 
study was therefore designed to determine whether or not comparable 
levels of immunity can be induced in strain A (inbred) mice. Serum 
from such animals can be expected to be free of antibodies to erythro- 
cytes. 

A second motivation for these studies was to allow a better com- 
parison of the degree of immunity obtained with Irradiated erythrocytic 
forms of the parasite with studies by other workers (2) who have studied 
immunity induced by irradiated sporozoites in this same syngeneic strain 
of mice. 

Progress; Strain A mice (The Jackson Laboratories) were infected 
with Plasmodium berghei and bled three or four days later for harvest 
of parasitized erythrocytes. The blood was centrifuged and the plasma 
removed, replaced by physiologic saline, and the suspensions irradiated 
at ?5,000 rads in a cobalt 60 irradiator. This procedure was repeated 
5 'Ames at biweekly intervals, the animals receiving a total of approxi- 
mately 2 x 10° parasitized erythrocytes over the 2 l/2 week period. 
The total packed red cell volume received was approximately 1 ml. Con- 
trol animals received an equivalent number of irradiated normal erythro- 
cytes. Additional control animals were retained without treatment. 
Two weeks after the last immunizing dose, all animals were challenged 
with 2 x ICn  parasitized erythrocytes from a syngeneic donor. The 
results are summarized in Table 6 in which the number of animals dead 
by day U5 in each group is cepioted. It is evident that complete pro- 
tection, as measured by mortality, was observed in the immunized group 
whereas the controls exhibited an overall 75% mortality. There was no 
evidence of difference in the response of animals treated with irradi- 
ated normal erythrocytes or untreated. 

Table 6 

Immunization of Strain A Mice 
Against Plasmodium berghei 

Treatment No. Died/Total 

Irradiated parasitized 0/2U 

Irradiated normal ery- 8/10 
throcytes 

None 7/10 
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Discussion and recommendations;    This experiment demonstrates that 
irradiated erythrocytic parasites experimental immunization procedure 
is effective in strain A mice.    The level of susceptibility of these 
animals is apparently lower than are the random bred mice used previ- 
ously (9).    These outbred animals exhibit a uniformly lethal course of 
disease in unlmmunized animals as opposed to the 7% mortality observed 
in the present study.    Immunized ICR mice exhibit a varying degree of 
mortality but almost never is the mortality rate nil as in the present 
experiments.    These studies pave the way for future experiments in- 
volving the use of immune serum from immunized mice.    They also suggest 
that the degree of immunization obtained through the use of erythrocytic 
(9) Jr sporozoite (10) immunogens is similar. 

h.    Protein synthetic capacity and infectivity of cryopreserved 
Plasmodium falciparum. 

Objective;    These studies were initiated to develop and evaluate a 
method for the cryopreservation of Plasmodium falciparum infected eryth- 
rocytes to provide material for the study of in vitro culture and even- 
tual application to the study of the iraraunolcgy of human malaria. 

Description:    Understanding of the mechanism of immunity to the 
malarias is derived primarily from in vivo studies and from in vitro 
studies with a single prinate parasite Plasmodium knowlesi (ll).    These 
studies strongly suggest that antibody is an important determinant of 
the outcome of malaria infection.    A limiting factor in further   .    elop- 
ment of understanding of this phenomenon is the difficulty in approachinp; 
the study of the chemical characteristics of the antigenic determinants 
involved.    The most promising route towards such studies is the develop- 
ment of in vitro methods for the assay of protective antibody, with 
subsequent clarification of the mechanism of antibody action and the 
study of the antigenic determinants by inhibition-type assays.    Pn 
obstacle in the development of such systems for the study of Plasmodium 
falciparum has been the difficulty in obtaining viable parasites for 
repeated, well controlled experiments.    Studies in ehe field with para- 
sites of human origin have been of some value, but the impossibility of 
repeating experiments has made the interpretation of the data difficult 
(12,13).    This same difficulty exists in a case of Plasmodium falciparum 
derived from Aotus monkeys, and in addition the occurrence of isoagglu- 
tination in mixtures of serum and erythrocytes from different individual 
animals greatly complicate culture experiments.    It was considered that 
both of these difficulties could be circumvented if a method for the 
cryopreservation of the organism in a viable state were available.     The 
present studies were therefore undertaken. 

The approach used was to adopt methods practiced for the frozen 
storage of human blood for transfusion.    Briefly, the methods consist 
of the slow addition of a cryoprotective agent containing glyc^r^.1 with 
subsequent freezing at -70oC followed by storage at -70oC or in liq.'id 
nitrogen.    After thawing, the cells are reconstituted to isotonicity 
by stepwise addition of solutions of decreasing solute concentration. 
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The parasitized erythrocytes are then used for infectirxg experi- 
mental animals or for short term in vitro culture experiments which are 
monitored by the ability of the parasitized cells to incorporate C Ih 
labeled isoleucine into trichloroacetic acid precipitable material. 

Progress; The initial stages of this study were reported in last 
years Annual Progress Report (Task 00, Work Unit 129). We reported 
that cells stored under conditions outlined above retained both the 
capacity to incorporate C^ isoleucine into protein and to infect ani- 
mals. It was alro reported that the frozen parasites remained infectious 
for at least 7 weeks. Animals have now been infected from materials 
stored for 9 months and the infectivity appeared to be quite high after 
this period of storage; the recipient Aotus monkey developed a parasi- 
temia in excess of 50fo  of the erythrocytes parasitized on day 10 after 
receiving approximately h x 10" of the cryopreserved parasitized cells. 

Initial -tudies of protein synthesis in vitro using short term 
incubation periods have now been completed. Table 7 illustrates the 
specificity of protein synthesis by comparing the increase in counts 
per minute observed with Plasmodium falciparum infected erythrocytes 
as opposed to control uni.nfected erythrocytes which were also cryo- 
preserved. Additional evi<3 nee of the specificity of the reaction was 
obtained from inhibition studies with chloroquine (Table 8). In this 
experiment the time course of protein synthesis in the presence of 
various concentrations of chloroquine dihydrochloride was studied and 
the results are expressed in terms of the Initial rate (measured over 
a two hour period) observed. It can be seen that minute concentrations 
(approximately 7 x 10"" molar) result in 50^. inhibition of the rate of 
protein synthesis. 

Table 7 

Incorporation of C-lU Isoleucine into 
Protein by Cryopreserved Plasmodium falciparum In Vitro 

Counts per Minute 

Time of Incubation, 
Hours 

P. falciparum 
Infected Erythrocyt es 

Uninfected 
Erythrocytes 

0 230 200 

1 730 180 

2 1190 180 

3 1390 160 

5 1780 160 
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Table 8 

Effect of Chloroquine on Protein Synthesis 
by Cryopreserved Plasmodium falciparum In Vitro 

Molar 
Chloroquine 

Concentration 
x 10° 

Initial Rate 
of Incorporation 

(CPM/hr) 

0 
0.8 
2.3 
6.8 

20.3 
6i.o 

2900 
2750 
2350 
1350 
300 

0 

Discussion;    The studies described provide a basis for the develop- 
ment of methods for culture experiments of sufficiently long duration 
to allow experiments designed to measure the inhibitory effect of anti- 
body on the growth and development of the prrasite.    Such experiments 
are not feasible with short term cultures  since antibody acts on a 
mature stage of the malaria parasite and its effect can most likely be 
assessed after penetration of new erythrocyte by the merozoite. 

Whereas  quantitative comparisons are  not available, It would ap- 
pear that the present methodology is superior to most cryopreservation 
methods used in the past based on the very prompt response of recipient 
animals to an infectious challenge with the stored cells. 

5.    Inhibition of protein synthesis by antibody as an in vitro 
correlate of immunity to Trypanocoma rhodesiense infection 

Objective;    The objective of this project is  to develop and char- 
acterize an assay system which quantitatively reflects functional damage 
to trypanosomes under the influence of antibody. 

Description:    Injury to trypanosomes by immune serum was described 
many years ago as detected by morphological evidence of damage  (agglu- 
tination and/or ^ysis) or by neutralization tests  involving injection 
of trypanosome-serum mixtures into recipient animals with subsequent 
evaluation of the infectivity of the challenge.    However, only rela- 
tively few attempts have been made to devise assays  for the quantitative 
assessment of these effects under in vitro conditions.     Desowitz  (ih) 
described a respiratory inhibition test which falls  into this category 
using Trypanosoma vivax and homologous antibody.    A similar approach 
was used to  study T.   gambiense using oxygen consumption as the  func- 
tional parameter measured.    Assays of this  type are potentially of much 
greater usefulness  than other serologic  tests since they measure actual 
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immune damage to the living organisms and not simply the binding of 
antibody to an antigen extracted from the parasite.    These kinds of pro- 
cedures allow the study of the specificity of protective antibodies as 
opposed to antibodies that react with internal antigens and are unin- 
volved in protection.    In this way it may be possible to assess the 
degree to which cross reactivity between organisms occurs in nature. 
In addition,  these in vitro systems allow approaches to the study of 
the mechanism of action of antibody on parasites;   for example, the 
involvement of the complement system and the degree to which in vitro 
cytotoxicity correlates with neutralization tests can be studied. 
Finally,  such iri vitro tests should allow the in depth study of the 
antigens which are involved in the immune response to trypanosomes 
through estimates of ability of antigenic extracts to inhibit the cyto- 
toxic activity of antibody. 

We chose to approach the development of an assay for antibody cyto- 
toxic to Trypanosoma rhodesiense by exploring the capacity of these 
cells to synthesis protein iri vitro and to then examine the effect of 
immune serum on inhibition of this capacity.    Trypanosoma rhodesiense 
(Wellcome  strain) are isolated from the blood of rats infected four 
days previously by chromatography on DEAE cellulose.    The organisms are 
centrifuged,  the plasma removed,  the organisms  suspended in fluid con- 
taining equal volumes of normal   rat serum,  5^ glucose, and 0.15 M NaCl. 
The organisms  are counted using a direct method originally developed  for 
malaria parasites, and diluted to an appropriate concentration.    The 
organisms are  then mixed with additional serum  (normal or immune) and 
tritiated or C-lh  labeled precursor amino acids  in tissue culture medium 
199 supplemented with extra glucose are added.     As a function of time 
after pulsing with the isotope,  samples are removed and applied to 
filter paper discs.    After drying these are extracted with cold tri- 
chloroacetic  acid,  dehydrated in alcohol and ether,  redried and counted 
in a  liquid scintillation spectrometer. 

Progress:     Preliminary experiments  indicated that protein synthesis 
could be detected when a commercially  supplied mixture of radioactive 
amino acids were added to the test  system to determine which had the 
greatest capacity to inhibit  incorporation of amino acids  into protein. 
As a result of these studies,   leucine was given a trial as a single 
precursor and gave  satisfactory results.     All further work has been done 
using this compound.     Similarly,  initial  studies with a variety of 
buffer  systems  indicated that  tissue culture medium 199 buffered with 
HEPES and with added glucose was a satisfactory medium.     In addition,  a 
high concentration of serum was apparently very beneficial to parasite 
survival, and this was instituted as a routine part of the reaction 
mixture. 

Figure  3  illustrates the  incorporation of C-l^ leucine  into the 
trypanosomes  in the presence of normal  or immune  serum.    Each point 
represents a sample containing approximately  k x  10" organisms.    The 
duplicate  samples are taken from duplicate reaction mixtures.     It is 
apparent from this data that essentially  linear incorporation occurs 
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for most of the incubation period with some slight terminal fall off in 
rate.    Immune serum completely inhibits the  incorporation of leucine 
into protein by the organisms.    In the experiment shown,  serum and 
organisms were incubated for 20 minutes  it  370C prior to pulsing with 
the radioactively leucine.    However, other experiments  demonstrated 
that complete inhibition of protein synthetic capacity could be obtained 
with as little as 6 minutes of preincubation prior to addition of label. 
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Fig. 3. Protein synthesis by Trypanosoma rhodesiense 
in the presence of normal or immune serum. Organisms 
incubated 20 minutes before addition of C-lU  leucine. 

Heating of the immune serum abolishes   its capacity  to inhibit 
protein synthesis  (Fig.   k).    This inhibition is a dose-related phenmenon 
with a 1:20 dilution of serum giving 50^ inhibition of the protein 
synthesis under the conditions employed.    Table 9 illustrates this dose 
response relationship. 

When the number of cells is varied and time course  experiments 
performed,  it can be demonstrated that the initial rate  of incorporation 
is proportional to the number of organisms used (Fig.   5).    This is an 
important result in that it allows a quantitative interpretation of the 
number of cells which are active from the incorporation data. 

Discussion and recommendations:    These  studies demonstrate that 
highly precise assays  of immune serum mediated cytotoxicity to Trypano- 
soma rhodesiense can be performed in vitro.     The  activity of immune 
serum is heat labile,  presumably due  to a complement requirement, but 
with conceivably due to heat lability of the  responsible antibody; 
studies  to distinguish between these alternatives  are  in progress. 
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Fig.   k.    Abolition of cytotoxic effect of i™™^ 
rat serum on Trypanosoma rhodesiense by preheating 

FiR.   5.    Linear dependence of rate of protein 
synthesis on Trypanosotna rhodesiense cell con- 

centration. 
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Table 9 

Serum Inhibition of Protein Synthesis* by Trypanosoma 
rhodesiense; Dose-response Relationship 

Immune Serum, ml 
io Inhibition of Protein 

Synthesis 

0.02 
O.Oh 
0.06 
0.08 
0.10 
0.12 
O.lU 

6 
33 
77 
87 
85 
89 
98 

■"•Forty-five minutes incubation 

Whether or not the in vitro cytotoxic activity will correlate with neu- 
tralizing activity has not yet been determined;  these experiments are 
also underway.    Plans are being made to study the effect of preincubation 
of immune serum with antigens of Trypanosoma rhodesiense to determine 
whether or not reversal of the inhibiting effect of antibody can be 
obtained.    If so,  the assay will provide a tool for the isolation and 
characterization of such materials. 

6.    Serological studies of experimental trypanosomiasis 

Objective:    The objective of these  studies was to provide compara- 
tive information on various manifestations of the humoral immune re- 
sponse to Trypanosoma rhodesianse in Rhesus monkeys. 

Description:     Profound changes in total immunoglobulin levels, 
especially IgM, have been noted in humans and animals infected with 
T.  rhodesiense (15).    Along with specific antibodies, heterophile anti- 
bodies also appear.     It is not known to what extent these various anti- 
bodies account for the immense rise in total immunoglobulin.    These 
studies were initiated to investigate the relationship of the hetero- 
phile antibodies to antigens on the trypanosome organisms with respect 
to the time course of total immunoglobulin changes. 

Four 7-12 pound Rhesus monkeys were injected intravenously with 
1 ml of rat blood diluted in 1^ dextrose-phosphate buffered saline 
containing 10,000 Trypanosoma rhodesiense organisms.    Three monkeys were 
injected with saline alone.    Blood was taken at various times after 
inoculation and sera were  stored at -20oC. 

Total IgG, IgA,  and IgM immunoglobulin levels were determined by 
quantitative radial immunodiffusion analysis and IgE levels were de- 
termined by radioimmunoassay using commercially available reagents in 
each case. 
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Fluorescent antibody titers were performed using a method modified 
from that of Sadun, et ai.   (l6).    Specific fluorescent anti-human IgM 
and IgG was obtained commercially.    Trypanosome organisms were isolated 
from U-day infected rats by the method of Lanham and Godfrey (I7)j 
washed in 1$ dextrose-phosphate buffered saline and dried onto glass 
slides. 

The slides were stored at -20 C until use as antigen for the 
fluorescent antibody test. 

Sheep erythrocyte  (SRBC) titers were determined by microtiter 
hemagglutination in phosphate buffered saline,  Ph 7.^ containing 1$ 
rabbit serum.    Absorptions of anti-trypanosome  sera were performed 
using 1 ml packed sheep erythrocytes for 30 minutes at 'il0Q incubation. 
The initial absorption mixture contained 3 ml l/UO dilution of anti- 
trypanosome serum.    Two tenths milliliter was removed for study after 
each of 5 absorptions. 

Anti-SRBC sera (0.2 ml) were absorbed with 0.1 ml packed glutar- 
aldehyde fixed trypanosome organisms at ST^'C for 30 minutes.    Five 
one-hundreth   ml of serum was removed and the serum was reabsorbed with 
0.1 ml trypanosomes two more times. 

Thirty milligrams BSA in saline was injected subcutaneously in two 
sitK i in all monkeys,  control or experimental,  1? days after inoculation 
with T.  rhodesiense.    BSA titers were determined by the Farr method (l8), 
using 0.12 ug  LOI-BSA. 

Progress:    As seen in Table 10, the rise in total IgM was marked 
by day 10,. being threefold that of the pre-inoculation level.    By day 
h2, the mean IgM level had risen thirty-two fold.    Only one of the four 
monkeys had less than a thirty-fold increase in serum IgM at h2 days. 
The increase in IgG level was less than two-fold at its peak at 28 days. 
The level fell slightly after that.    Individually,  3 of U monkeys had two 
two-fold IgG increases on day 28.    Mean IgA levels increased from less 
than 10 mg/dl to 17 mg/dl on day 28 and fell slightly after that.    As 
seen from Table 11, total serum IgE levels as measured by RIA appeared 
to increase slightly in one monkey (No.  3)- 

Specific antibody titers followed the same initial rise as did 
total IgM levels with a sharp rise in both IgG and IgM antibody on day 
10.    IgM and IgG seemed to follow parallel courses as can be seen in 
Table 12. 

Sheep erythrocyte hemagglutination titers, however, began a sharp 
rise on day 17»  lagging a little behind the anti-trypanosome FA titers 
(Table 13).    Absorption of anti-SRBC activity can be accomplished with 
whole trypanosome organisms (Table lU).    Ease of absorption seems to 
differ between sera taken at day 10 or day 28 after inoculation. 
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Table 11 

Total Serum IgE Levels in Control and T.  rhodesiense 
Inoculated Monkeys 

,,    , Day After Inoculation 
Monkey " 
Number 6 32 h2 

la 320b 360 700 
2 300 390 320 
3 680 1210 1300 
1+ 500 680 700 

cic 530 510 
C2 58O 500 

Inoculated monkeys 

Serum IgE in nanograms/ml 

Control, non-inoculated monkeys 

Table 12 

Logo Fluorescent Antibody Titers at Various Days After 
Inoculation of Rhesus Monkeys with T,  rhodesiense 

Days After Inoculation 

Monkey Number        0        6        10        17       28        3^        jig 

1 IgG 3        3 8        11        12 11 9 

...... ..--M_.. -L.-J 2 iL...i?_^ .19 9 

2 IgG 1        I 6          9        10 10 10 

IgM 2         1 9          9        11 10 9 

3 IgG U        I4 8 10         9 11 12 

IgM 3       6 9 10        9 11 9 

UlgG 5^88       11 99 

IgM 6       7       11       11       11 9 8 
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Table 13 

Logp SRBC liters After Inoculation with 

T.  rhodesiense on Day 0 

Monkey 
Days After Inoculati on 

No. 0 6 10 17 28 35 k2 

1 1 l 3 9 8 10 8 

2 1 l 2 6 8 8 7 

3 . 1 1 1+ 6 11 10 9 

k 2 2 10 10 10 8 7 

Table lU 

Absorption cf Anti-SRBC Activity by 
Glutaraldehyde-Fixed Trypanosomes 

Day After 
Inocu 

Trypanosome 
lation 0 

Number of Absorptions 
1 2 

Day 10 

Monkey # 1 8a h 3 

2 7 3 l 

3 9 7 k 

k 13 13 11 

Day 28 

Monkey # 1 13 12 12 

2 12 12 11 

3 13 13 13 

!+ 13 13 10 

logg anti-SRBC titer 
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The removal of anti-trypanosome activity can be accomplished by 
absorption with SRBC more easily in the IgM reaction than in the IgG 
reaction (Table 15).    This difference appears to occur whether sera is 
taken from day 17 or 35- 

On day 17 after inoculation of experimental animals with trypano- 
somes, all monkeys including controls were injected with 30 mg BSA. 
Antibody assay by the antigen binding capacity (ABC-33) test of Farr 
showed a greater response in the control animals than in the monkeys 
exposed to T. rhodesiense.    As can be seen in Table 16, no experimental 
monkeys bound 33'fo of the radiolabeled antigen while all three control 
monkeys did so. 

Discussion;    An increase in total IgM is characteristic of trypano- 
some infection, but the thirty-fold increase observed in these studies 
is striking indeed.    Slight elevations of IgG have also been previously 
noted.    The apparent rise of IgA is noteworthy.    In individual animals, 
the trend is easily seen.    Human reagent plates were used and the values 
were at the low level of detection     For a more reliable estimate, low 
level standards and plates will be used to retest the sera.     IgE levels 
are more difficult to interpret.    Increase above control monkey IgE 
values seem to occur in one and possible two other monkeys.    Other sera 
were tested using a different lot number of commercial reagents.    The 
trend appeared in monkey No.  3> however, the total levels on duplicate 
serum samples between the two sets of reagents did not agree.    This 
variability could be caused by incomplete cross reactivity of monkey 
IgE and the human reagents. 

Specific antibody titers increase in the fluorescent antibody pro- 
cedure with the rise in total globulins.    IgG and IgM titers  show similar 
patterns.    This could be due to cross-reactivity of the immunological 
reagents or could be characteristic of the disease.    Further characteri- 
zation of the immunological reagents will help clarify this point. 
Comparison can be made with antibody titers determined by class-specific 
RIA in Work Unit 172 of this report. 

Appearance of heterophile antibodies is also characteristic of 
many trypanosome infections.    Absorption experiments seem to indicate 
thac the trypanosomes contain an antigen that might induce the antl- 
SRBC activity.    Characterization of this antibody with respect to 
specificity for Forssman antigen is a likely next step. 

Imraunodepression to injected SRBC has been reported during trypano- 
somiasis in rabbits and mice  (19).    Suppression of response to BSA in 
trypanosome Infected monkeys also occurs in unini„cted monkeys as seen 
in Table 16.    The ability of monkeys to produce increased globulin 
levels with heterophile and specific antibodies yet not respond to a 
second antigen (BSA) stands as a contradiction.    Antigenic competition 
can be offered as an explanation of these observations. 
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Table 15 

Absorption of Fluorescent Anti-Trypanosome 
Antibody with SRBC 

Monkey 
Number 

Day After 
Inoculation 

Number 
0 

of Absorptions 

5 

17 IgG I280a 320 

1 IgM 1280 160 

35 IgG 1280 1280 

IgM 6U0 160 

17 IgG 1280 61+0 

3 
IgM 1280 320 

35 IgG 1280 320 

IgM 1280 80 

Reciprocal of dilution of sera showing 1+ 
fluorescence as end point. 

Table 16 

Farr Assay Binding of ^1 -BSA by Sera of Monkeys Injected 
with BSA 17 Days After Inoculation with T.  rhodf 'siense 

Monkey 1 dumber Days ! After BSA Injection 

Infec bed 0 11 18 25 

1 oa 
tb t t 

2 0 0 t t 

3 0 0 t t 

h 0 0 0 0 

Non-infected 

1 0 t 1.39° 1.15 

2 t 6.05 5.68 3.58 

3 0 0 t 1.28 

aNo binding of l25I-BSA. 

Trace of binding equivalent to 5^ binding. 
125, :ug BSA bound at 33% endpoint using 0.12 ag      'T-BSA 
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The mechanisms of hyperimmunoglobulineraia in trypanosomiasis re- 
main elusive, but the data provided in these studies supply a basis for 
the development of experimental approaches to the problem. 

7.    Poly (lactic acid) as an immunological adjuvant 

Objective;    The objective of this project is to investigate the 
possibility of using a biodegradable polymer of lactic acid as an im- 
muno logical adjuvant. 

Description:    Immunological adjuvants are substances which can 
increase the specific antibody response to an antigen.    Although the 
mode of action of adjuvants is not completely clear,  some investigators 
have suggested that a substance which would release antigen slowly, 
thereby allowing processing of the antigen without overwhelming the lymph- 
ocyte receptor sites would probably increase antibody production.    Based 
on this hypothesis a biodegradable matrix of polymer and protein antigen 
might show significant adjuvant activity. 

In recent years,  lactic acid polymers have been studied and used 
as degradable suture and surgical implants  (20,2l).    Histological 
evaluations have shown that the tissue response to the polymers  is 
minimal, similar to that elicited by stainless steel and Dacron. 
In vivo, the polymer is degraded oy liydrolytic deesterification to 
lactic acid, a normal intermediate in the glycolytic cycle in carbohy- 
drate metabolism.    The bland histological response induced and the 
acceptability of the degradation products makes poly(lactic acid) a 
promising substance for controlling the release of antigens ia vivo. 
Bovine serum albumin (BSA) was  incorporated into the polymer as  antigen 
to test the effect of slow release from the polymer on the immune 
response. 

A polymer of lactic acid was  synthesized as previously described (20, 
21).       The polymer-BSA matrix was formed by precipitating a pyrogen-free 
acetone solution of polymer and BSA with water.    The resulting precipi- 
tate was ground to form particles of a size suitable for injection in 
saline suspension.    The concentration of BSA in the polymer-BSA prepa- 
ration was  determined by redissolving the dried particles in acetone 
and assaying the prot-.-in residue by the Lowry micro method (22).     The 
particles used in this  study contained 0.37$ BSA  (w/w).    Control polymer 
particles were prepared as above but without the addition of BSA.    Groups 
of mice were injected with various preparations of BSA as indicated in 
Table 17.     The mice used were  10-12 weeks old,  ICR-WR strain outbreeds 
weighing 26-3^ gms.    Each animal was bled from the tail at two week 
intervals starting at day 7 post  immunization.    Approximately 0.5 ml 
of blood was collected from each mouse at every bleeding.    The serum 
was separated and individual samples were stored at -20oC.    Twenty-five 
hundreths ml of sera from each individual animal was pooled to form a 
single sample from each experimental group.    Each pool was made  of sera 
from 10 animals. 
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Group 

FBSA 

AFBSA 

FICA-BSA 

PoLy + FBSA 
(same site) 

Poly + FBSA 
(different 

sites) 

Poly-BSA 

Table 17 

Experimental Groups of Mice 

Antigen 

Free BS^. in saline 

Acetone tr.-ated B3A in 
saline 

BSA in Freund's incom- 
plete adjuvant 

0.025 rag BSA/site 

C,ü25 mg BSA/site 

0.025 mg BSA in 0.1 
ml FICA/site 

Plain polymer particles    8.7 mg polymer in 
in i   saline solution 0.1 ml saline con- 
containing BSA taining 0.025 mg 

BSA/site 
Plain polymer in saline    17.U mg polymer/each 

of two sites 
Saline solution of BSA      0.05 mg BSA/each of 

two sites 

Polymer-BSA matrix 8.7 tng polymer site 
with 0.025 mg BSA 
incorporated 

10 animals per group, each animal receiving 0.1 ml of anti- 
gen subcutaneously in each of four sites as indicated above, 
All antigens except PICA were given in O.9/0 saline. 

- 

Aati-BSA antibodies in each group were assayed by two methods. One 
method was a passive hemagglutination technique using glutaraldehyde- 
fixed BSA sensitized sheep erythrocytes (23). Antibody titers were 
expressed as the logg of the reciprocal of the highest dilution of serum 
showing agglutination. The second method was the ammonium sulphate 
antigen-binding capacity (ABC-33) technique of Farr (2U). The ABC values 
were expressed as ug  BSA bound per ml of undiluted serum. 

Progress; The passive hemagglutination titers of the experimental 
groups are shown in Figure 6. Animals that received either free PSA 
(FBSA) in saline or acetone treated BSA (AFBSA) in saline had no de- 
tectable primary antibody response but did show a typical secondary 
response when challenged with 0.1 mg BSA (Table 18). The group that 
received BSA in Freund's incomplete adjuvant (FICA-BSA) and the polymer- 
BSA (poly-BSA) group both showed a detectable antibody response, with 
titers-increasing over a period of many weeks. The two groups that were 
injected with polymer and free BSA (poly+FBSA) in the same or different 
sites developed lower peak antibody responses which plateaued sooner 
than the FICA-BSA or poly-BSA groups. 
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S     10 4 
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FICA-BSA 

Poly-BSA 

Poly+FBSA (Same site) 

Poly+FBSA (different sites) 

Days post immunization 

Fig.  6. Log2 anti-BSA hetnnagglutination  titers of 

sera pooled from each group. 

All animals  received 0.1 mg BSA as  indicated 

FBSA free BSA in saline 
FICA-BSA Freund's incomplete  adjuvant with BSA 
Poly+FBSA Poly(lactic)acid and  free BSA in saline 
Poly-BSA Poly(lactic)acid with incorporated BSA 

Two control groups, one  that received 0.1 mg FBSA in saline 
and one  that  received 0.1 mg acetone  treated BSA showed no 
detectable HA response. 
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Table 18 

Logg Anti-BSA Hemagglutination Titers of Sera Pooled From Each 
Group Before and After Secondary Immunization. All Animals were 

Given 0.1 ml BSA I.P. 21 Weeks (dlU?) After Initial Antigen Injection 

Pre-secondary 
Immunization Days Post- •secondary Immunization 

Group Day ll+O 7 Ik 28 

FBSA *m,m 13 16 12 

AFBSA -- 13 11+ 9 

PICA-BSA 20 18 >22 ll4 

Poly+FBSA 
(same site) 

9 17 20 Hi 

Poly+FBSA 
(dlff.   site) 

3 12 15 9 

Poly-BSA 13 20 >22 Ik 

Antibody levels determined by the ABC-33 assay are shown in Table 19 
for both the primary and secondary responses. The relative antibody 
production between groups is similar to that found with the hemaggluti- 
nation assay. 

Discussion; The incorporation of BSA into a poly-lactic acid 
polymer clearly increases the antibody respouse to BSA above that which 
occurs when the same concentration of antigen is injected in saline. 
This adjuvanticity may be due to multiple factors. Slow release of 
antigen due to bio-degradation of the lactic acid matrix, thus allowing 
a more prolonged and efficient stimulation of the antibody-producing 
cells may be a prime factor. Non-specific stimulation of the phagocytic 
system may also play a role. This is indicated because polymer injected 
along with BSA also showed some adjuvanticity. BSA in the same site 
could have been adsorbed by the polymer and then could have stimulated 
antibody production by the same means as incorporated BSA. BSA in dif- 
ferent sites, however also stimulated antibody response greater than 
without polymer. The mechanism of this action may be through genera- 
tized stimulation of phagocytic activity. The response to BSA and 
polymer in different sites was much lower than other polymer groups in 
both the primary and secondary responses. 

The kinetics of the Poly-BSA response is similar to that of the 
response to FICA-BSA. The antibody titers of the Poly-BSA group were even 
comparable to FICA-BSA group after a secondary injection of BSA in 
saline. The ability of BSA incorporated in a biodegradable matrix to 
elicit large antibody responses may have important applications. 
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By chemically varying the amount of polymerization, the rate of 
degradation of the polymer can be controlled. Additionally, the ratio 
of antigen to polymer can be varied resulting in further capabilities 
to control the rate of antigen reaching the imraunoglobulin producing 
cells. Another variable which can be adjusted is the particle size of 
the polymer. Antigen deposits range from phygocytizable particles to 
large, slowly degrading pieces of polymer. The variety of parameters 
of antigen release that can be controlled allows a means to study the 
effect of presentation of antigen on the immune response. 

8. Forssman-containing liposomes: Complement-dependent damage due to 
interaction with a monoclonal IgM 

Since 1968 liposomes have been employed as a model for studying 
the molecula^ basis of immune lysis. The liposomes consist of closed, 
concentric shells of lipid bilayers alternating with aqueous interspaces. 
The aqueous portions within the liposomes generally contain marker mole- 
cules (e.g., glucose) and the membrane damage is measured by release of 
the marker compound. By using liposomes with various amphipathic lipids 
as antigens, a wide variety of specificities have been described. 
Forssman substance was the first antigen used in these studies and its 
properties in liposomes have now been thoroughly investigated. The 
initial work demonstrated that liposomes containing Forssman hapten 
could bind anti-Forssman antibodies (hemolysin) and this led to membrane 
damage and glucose release due to complement fixation. A subsequent 
reporb showed that this was a highly specific phenomenon, and anti- 
Forssman antibodies did not cross-react with globoside I, which is 
closely related glycolipid. 

Recently a Waidenstrom macroglobulin (MCG) has been discovered 
which agglutinates sheep erythrocytes and hemolyzes them in the presence 
of complement. In this report we are presenting preliminary observations 
which demonstrate that this protein also interacts with liposomes con- 
taining highly purified Forssman hapten. The binding of the macroglob- 
ulin lead? to complement fixation and liposomal membrane damage in a 
manner apparently analogous to that caused by hemolysin (Fig. 7). 

9. Comparative properties of four galactosyl lipids as antigens in 
lipogomes " '~ '"   ~"      ' -   -      - 

Two sphingosyl galactolipids, galactocerebroside and mixed gang- 
liosides and two glyceryl galactolipids, mono and digalactosyl di- 
glycerides were compared for immunological activity in liposomal model 
membranes.    The liposomes were prepared with one of several synthetic 
lecithins or with beef sphingorayelin.    Specific complement-dependent 
glucose release was found in all cases, although high titer antiserum 
was not obtained against monogalactosyl diglyceride.    With galacto- 
cerebroside the degree of glucose release was inversely related to the 
phospholipid fatty acid chain length.    The relative efficiencies of 
these substances in terms of antigenic expression and or immunogenicity 
was in the order:    ganglioside > digalactosyl diglyceride > galactocereb- 
roside > monogalactosyl diglyceride.    Reciprocal serological cross- 
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■ :}♦ FORSSMAN 

HEMOLYSIN 

WM 

WM It HEATED C'l 

WM 

FOHSSMÄN 
(ORSSMAN  1— 

2 

nl OF HEMOLYSIN OR MACROGLOBULIN (WM) 

Fig. 7« Each point corresponds to the glucose 
measured in a cuvette which contained 5 ^1 of 
liposomes, 500 (il of glucose assay reagent (5). 120^1 of 
either fresh guinea pig serum as a complement source 
or, as a control, guinea pig serum which had been 
inactivated by heating at 560C for 60 min (heated C). 
Hemolysin (rabbit antiserum in 5OT glycerol, Difco 
Laboratories, Detroit, Mich., diluted 1:5 with 0.15 M 

NaCl and heated at 56"C for60 min) or macroglobulin 
(4.9 )ig protein//iU were added in the amounts shown 
on the abscissa, and the volume was brought to 1.0 ml 
with 0.15 M NaCl. Glucose release was measured at 
room temperature (co. 22°C) 30 min after starting the 
reaction. 

reactivity was observed between ganglioside and galactocerebroside on 
the one hand and between mono and digalactosyl diglycerides on the 
other. Cross-reactivity oetween these two groups occurred in four out 
of six possible combinations studied. Anti-digalactosyl diglyceride was 
the only antiserum with an apparent high degree of specificity and it 
did not cross-react with either cerebroside or ganglioside (Table 20). 
Cross-reactivity was influenced by the phospholipid fatty acid chain 
length, liposomal antigen concentration and the antibody titer against 
the immunizing antigen. 

10. The influence of retinal on complement-dependent immune damage to 
liposomes" ~    ———  —— 

Retinal was incorporated into liposomes containing dipalmitoyl- 
lecithin cholesterol, dicetyl phosphate and galactocerebroside; the 
latter substance served as antigen. They were compared to control 
liposomes, lacking retinal, with regard to glucose release due to 
complement-dependent immune damage in the presence of anticerebroside 
serum. The liposomes were indistinguishable from each other in the 
amount of total glucose trapped, light scattering characteristics and 
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phosphate content.    The rate and extent of glucose release in 30 minutes 
was inhibited by the incorporation of retinal (Fig.  8).    In addition, 
inhibition was directly related to retinal concentration (Fig.  9) and 
was also observed in the presence of a wide range of concentrations of 
antigen and complement.    Damage to liposomes in the presence of either 
guinea pig or human complement was inhibited by retinal;  this was in 
contrast to the erythrocyte system in which the hemolytic activity of 
guinea pig complement was  inhibited while that of human complement was 
enhanced by retinal.    Addition of retinal to preformed liposomes did 
not influence complement-dependent danage.    Inhibition occurred only 
when retinal was present during the initial formation of  the model 
membranes.    Inhibition persisted even after washing the liposomes free 
of any unincorporated retinal.    The data indicate that liposomes may 
be an excellent model for studying the influence of retinal on comple- 
ment mechanism in membranes. 

11. Immune damage to liposomes containing lipids from Schistosoma 
mansoni worms 

A protein-free lipid extract  ("F2") consisting mainly of glyco- 
lipids, a small amount of phospholipids and an unidentified brown 
pigment, was obtained from Schistoscna mansoni adult worms.    The FA was 
tested for the presence of haptenic molecules by incorporation into 
liposomal model membranes containing trapped glucose.    Sera from five 
infected monkeys were assayed for serological activity against the F2 
in liposomes at different times following infection.    Complement- 
dependent damage leading to liposcmal glucose release was observed with 
sera from four out of five monkeys (Fig. 10).    Glucose release did not 
occur when the F2 was omitted from the liposomes nor when heat-inacti- 
vated complement was used (Fig.   ll).    All of the activity was removed 
by absorption of monkey serum with adult schistosomes (Fig.  11).    The 
IgM-containing fraction of serum accounted for all of the antibody 
activity.    It was concluded that a complement-dependent immune response 
against lipids may be observed during the course of schistosomiasis in 
monkeys.    T.ie antibody activity can be detected by utilizing liposomal 
model raemb: ^nes which contain schistosomal lipids. 

12. Immunochemistry of A-|   and Ap human blood group substances;  dif- 
ferences in the reactivities of homologous and heterologoas 
antisera in quantitative hemagglutination inhibition reactions 
with hog and human saliva A-]  and Ag substances 

The chemical basis for the differences in the serological reactiv- 
ities of the subgroup Al and A2 antigens of human erythrocytes has been 
widely disputed.    One view holds that the differences are merely quanti- 
tative in that A-^ cells possess a greater number of A sites.    The 
opposing view contends that the determinants on Ag cells differ struc- 
turally from those on A^ cells.     The latter view is  strongly supported 
by recent findings of Moreno et al.  (25) with A-^ and Ag substances 
purified from human ovarian cyst fluids.    This report describes the 
differences in reactivities of antisera    prepared in humans to hog A 
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LIPOSOMES DIWLMITOTL PC/CHOL  DCP plm CERtBOOSIDE 

IO IJ        14        16        IB       20       22       24 

MINUTES AFTER ADDITION OF ANTISERUM 

26      28      30 

F1&Ö £(Tect of retinal on the time course of immune damage to liposomes. The liposomes 
conlaincd sufficient retinal to make a final concentration of 1.0 mM in the swollen suspension. 
4.8 /(I of liposomes were preincubated for 10 min with 128 /d of fresh guinea pig serum (comple- 
ment). 500 «I of glucose assay reagent and sufficient 0.154 M NaCI to make a volume of 976 /i\ 
in a semi-micro cuvette. After reading the absorbance at .M0 nm the immunological reaction 
was started by adding 24 //I of rabbit anticercbroside serum. The final absorbance readings 
were measured at the time intervals shown and the "„ of trapped glucose released was determined 
from the difference compared to the initial reading. Less than 4"ö of the available trapped glucose 
was released in 30 min in control cuvettes in which complement had either been omitted or 
inactivated by healing at 56 °C for 60 min. 
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Fig.9 Effect of retinal concentration on immune damage to liposomes. The procedure was the 
same as described in the legend of Kig.8. Retinal was incorporated directly into the liposomes 
as described in Materials and Methods, and was present in the concentrations, with respect to 
the swollen dispersions, indicated in the figure. 
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LIPOSOMES^ 0l-l6:OPC/CHOL/0CP 
plus F2 

MONKEY NO. 

0 10 20 30 40 50 
TIME  FOLLOWING  INITIAL  INFECTION (WEEKS) 

60 

Fig. 10. Time course of serological activity of 5 infected monkeys 
against schistosomal lipids. Each point corresponds to a separate 
reaction cuvette which contained k.J ul  of liposomes, 50 ßl of  appro- 
priate monkey serum 120 ul  of fresh guinea pig serum as a complement 
source, 325 ul  of 0.15 M NaCl and 500 al of glucose assay reagent (10, 
12). Glucose release was measured at room temperature (ca. 22°) 30 mil. 
after starting the reaction. See the text for further details. 
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Fig. 11. The interactions of infected-monkey serum with liposomes. 
The assay procedure was the same as described in the legend of Fig. 10, 
except that the quantity of monkey serum was varied as shown on the 
abscissa. The reaction volume was kept constant (1.0 ml) by adjusting 
the amount of 0.15 M NaCl. Two liposome preparations were used which 
either contained P& (•--•) or, as a control, lacked it (0--0).  "Heated 
C" refers to guinea pig serum which had previously been heated at 56° 
for 60 min. (■ ). In one case, monkey serum was used which had been 
"absorbed" twice at 20° with h mg of a.  homogenized suspension of adult 
worms (ü ). The worms were removed following each adsorption by cen- 
trifuging at 27,000 g for 10 min. 
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and human saliva A^ and A2 substances observed in quantitative hemag- 
glutination inhibition (Hi) assays of homologous and heterologous 
substances. 

Materials and Methods 

The source and preparation of the purified hog A substance and the 
four human antisera to this substance have been described. Human A 
substances were isolated and purified from the individual salivas of 
donors having A^, A2, AjB and A2B blood types by the method recommended 
by Kabat (26). Antisera to the A^ and Ag substances were prepared in 
selected male volunteers by subcutaneous injection of 0.5 ml of the 
appropriate solution containing 1 mg substance/ml sterile saline on two 
successive days. Fifteen days after the second inoculation, blood was 
drawn from each donor for serum. 

The hemagglutinating dose^Q (HDCQ) units of anti-A activity of one 
-■ach of the anti-hog A, the anti-human A]_ and anti-human Ag sera were 
determined simultaneously by the probit-log assay method of Wilkie and 
Becker (27) using Al test cells. Dilutions of each of the three anti- 
sera containing 6 HDCQ antibody units were then used in simultaneous 
quantitative HI assays of the inhibitory strength of one of the blood 
group A substances; i.e., either hog A, human A^, A-jB, Ag or AgB sub- 
stance. The remaining substances were assayed on subsequent days with 
the same set of three sera of different specificities. The inhibition 
assay procedure was the same as published (28). The hemagglutination 
inhibitory dosecQ (HIDCQ) was interpolated from the assay curve ob- 
tained by plotting percentages of agglutination against the 2-fold con- 
centrations of substance on probability-log paper. HID50 is defined as 
the micrograms of blood group substance required to inhibit 6 HD50 units 
of antibody activity from 97^ to 5C$ agglutination. 

Results and Discussion 

The 50/0 endpoint anti-A titers (I/HDCQ) of the pre- and post-immune 
sera in Table 20 accord with the findings of Kabat et al. (29) that A2 
substance is less inununogenic in humans than are hog A and human saliva 
Al  substances. The results in Figure 13 and Table 21 obtained with an 
anti-hog A, anti-humr.n A^ and an anti-human A2 serum summarize the 
observations made in this investigation. The inhibition assay curves 
produced by this set of antisera in assays of human saliva A]_B and A2B 
substances were similar to those depicted in the figure for A^ and A2 
substances, respectively. With each of the Group A substances, assay 
curves were linear and parallel. The differences in position of the 
assay curves in Figure 13 were highly significant (p = >0.0l). 

The HID^o's ü3
*
6
^ i" Table 21 show that hog A substance was no 

more effective in inhibiting its homologous than the heterologous anti- 
human A sera. The respective amounts of human saliva A^ and A^B sub- 
stances inhibiting anti-human A and anti-human A sera were identical, 
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Fig. 13. Hemagglutination inhibi- 
tion reactivities of hog A and 
human saliva A]_ and A2 substances 
with 6HD50 units of anti-A activi- 
ty of human antisera to hog A and 
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Table 21 

Obtained in Hemagglutination Inhibition Assays of 
Blood Group A Substances with Immune Antisera and A Test Cells 

Micrograras of Blood Group Substances 
Inhibiting Hemagglutinating Activity 

ol' Antisera 

Blood 
Group 

Substance 
Anti- 
hog A 

Human sera 
Anti- 

human A1 

Anti- 
human Ap 

A    cells and 6 HD,.« 
antibody units 

ug ^g wg 

Hog A 0.52 0.52 0.52 

Human A 0.77 0.52 0.52 

Human A-B 0.2U 0.15 0.15 

Human Ap 8.60 5.60 2.90 

Human ApB 590.00 V76.OO 223.00 

however, approximately 1 l/2 times more of these materials were required 
to inhibit the activity of the anti-hog A serum. The HH^o's for human 
saliva Ag and A2B substances indicate that twice as much of these prepa- 
rations were involved in the inhibition of anti-human A^, and three times 
more in the inhibition of anti-hog A serum, than was concerned in the 
inhibition of homologous serum activity. The much weaker capacity of 
AgB saliva substance per unit weight to inhibit heraagglutiaation of 
A-^ cells is apparent from the inordinately large quantity needed for 
inhibition. The fact that A2 and AgB substances were much more effec- 
tive in inhibiting hemagglutination of four homologous anti-A2 sera 
than of four anti-A, sera shows that antibodies which are elicited in 
humans by immunization with human saliva A-^ and A2 substances do not 
possess identical specifications for the inhibitor A2 substances. This 
interpretation is made in accordance with the hapten inhibiting findings 
of Landsteiner and van der Scheer (30) that the closer the complementary 
configuration of the inhibitor hapetn to the homologous antibody the 
less hapten required for inhibition of antibody activity. Additional 
inferential evidence on a structural difference in the saliva A-]_ and 
A2 substances is to be obtained from kinetic studies of the rates of 
dissociation of homologous and heterologous antibodies from the A., and 
Ap substances. 
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13.    Filtration of microaggregatcs formed in vivo 

The extent of microembolization which occurs dru-ing autotransfusion 
is unknown, however, small microemboli formed during shock (31) and 
extracorporeal circulation (32,33) cause alteration in structure and 
function of the lungs and other organs.    Although these findings  suggest 
that the microemboli ore primarily platelet aggregates, reliable quanti- 
tation and characterization of the particulate matter removed during 
in vivo filtration has been difficult with existing microscopic,  filtra- 
tion (3^) and ultrasonic  (35) technics.    Our previous  studies utilizing 
the Model T particle size analyzer have shown that platelets contribute 
to the formation of two types of aggregates;  those composed of neutro- 
phils and platelets which develop in stored blood (36) and those con- 
sisting of platelets which form in vivo by hemostasis  (37) or by injec- 
tion of ADF (38).    In the present study, the  filtration characteristics 
of these two types of microaggregatcs are compared. 

Matierals and Methods 

In all studies, samples of blood were collected in plastic syringes 
and 3 ml were passed through Dacron wool and  small 120 p, and ho u pore 
mesh filters constructed in the barrels of plastic syringes.     Induction 
of platelet aggiegates  (PA) by extravasation of blood was accomplished 
by severing the right iliac artery of ether-anesthetized Wistar rats 
after injection of heparin and allowing the blood to collect in the 
peritoneal cavity.    Size distribution analyses were made 60 seconds 
after arteriotomy (30 seconds for collection in the peritoneum and 30 
seconds for filtration).    These measurements were compared to those of 
unfiltered blood collected in the same manner for 30 seconds and held 
in a plastic syringe for an additional 30 seconds.    PA were also induced 
in vivo by injection of ADP as -nreviously described (38).    Thirty seconds 
after injection, k ml of inferior vena caval blood was withdrawn and 
size distribution analyses performed before and after filtration through 
the various filters.    PA were induced in vitro by drawing blood from 
the inferior vena cava of rats into a syringe containing heparin and 
ADP.    Twenty one day old human blood donors were the  source of the micro- 
aggregates  (MA) of stored blood. 

Results 

Filtration of particles of known size:    The effective pore size of 
the filter was determined by measuring the size distribution of a saline 
suspension a mixture of corn (75-80 u), pecan (U5-50u),  lycopodium (27- 
28 a) and mulberry (12-lU u) pollens before and after passage through 
each of the filters (Figure Ik).    The  size distribution of the mixed 
pollens after passage through the 210 u pore  filter in Figure  1 was the 
same as tlmt of the unfiltered suspension.    The kO u pore mesh removed 
all the  pecan  (U5-50 u)  and corn  (75-80 u) poll^.i,  reduced the lycopodium 
(27-28 iu)by over one half, but did not remove   ^he smaller particles. 
The Dacron wool completely removed all particles larger than  16 u and 
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reduced the number of 13 a mulberry pollen.    The correlation of the 
known size of these particles with that detected by the instrument 
demonstrates the validity of the size distribution measurement. 

11 
** 

• IJOuPOHE fILTEHEO 

O«0uPOR£ fILTEHEO 

■ WOOLflLIERfD 

70      K        32       40 

PARTICLE SIZt.u 

Fig. lU.Effects of filtration of particles of known size. 
Size distribution of volume of particles in n^/mm^ (ord- 
inate) plotted at>ainst particle size in JU (abscissa) after 
filtration with 12vJju and 40/J pore mesh and Dacron wool 
filters. 

! 

Filtration of microaggregates  in stored blooä;    The volume size 
distribution of MA of stored human blood before and after passage through 
use of the filters is plotted in Figure 15.    Although the 120 u pore 
mesh was relatively ineffective in reducing the volume of particles in 
the blood, there was a significant removal of particles U0 u and larger 
in size which is in contrast to the  inability of this mesh to filter 
pecan (U5-50 u) and corn 75-80 u) pollens (Fig.   ik).    The 1+0 u pore 
filter completely removed particles  50 U and larger and reduced the 
volume of particles hC u and smaller.    Dacron wool removed all particles 
larger than 13 u. 

Filtration of plate] et aggregates induced by extravasation of blood 
by ADP;    The size distribution of the PA in unfiltered extravasated rat 
blood was identical to that after filtration with the 120 u pore mesh 
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shown in Figure l6.    In striking contrast to the ability of the hO u 
mesh to remove '45-50 u pecan pollen in Figure lU and the same size MA 
of stored blood in Figure 15, a considerable number of PA 50-65 U in 
size remained in the blood after passage  through this  filter (Fig.  16). 
However, the Dacron wool filtered virtually all particle 13 U and 
larger. 

Although PA formed in vivo after ADP injection are more stable 
in vitro (38) and hence are presumed more tightly bound than those 
formed during extravasation (37)> both types of in vivo aggregate 
larger than kO p. were found to be present after passage through the 
kO u pore mesh filter.    In fact, there was no significant difference 
in the volume of these two types of PA before and after filtration 
through the two pore mesh filters, whereas a significant volume of the 
MA of stored blood of the same size was retained by these filters.    The 
filtration characteristics of PA induced in vilro by ADP were  similar 
to those of the in vivo aggregates. 

Filtration of platelets and leukocytes:    Platelet and leukocyte 
counts of extravasated rat blood before and after filtration in Table 22 
show that there was no significant change in leukocyte counts after 
passage through the three filters, nor in platelet counts after the two 
mesh filtrations.    However, Dacron wool markedly reduced the platelet 
count.    Similar results were obtained with blood drawn from ADP-treated 
rats.    Platelet concentrations of heparinized rat blood containing no 
PA were markedly reduced after Dacron wool filtration, however, there 
was no significant difference in platelet concentrations of rat blood 
drawn into ACD after similar filtration. 

Discussion 

The results of the present study suggest that the two major sources 
of microeraboli during heart-lung bypass are the MA infused with stored 
blood and the PA infused with extravasated blood collected in the cardi- 
otomy return line.    The effectiveness of Dacron wool in removing both 
types of aggregates is determined by the adhesiveness of these particles. 
Thus, platelets in blood drawn into heparin and known to be more ad- 
hesive (39) are trapped on Dacron wool while those drawn into ACD are 
not.    The  fact that MA of stored blood larger than kO u were completely 
removed by the hO u pore mesh surface filter (Fig.   15) while the PA of 
equal size apparently passed through this filter (Fig.   16) uhows that 
the effectiveness of mesh filters is not only dependent on pore size 
but also on the  stability of the particles being filtered.    Because 
platelets are more weakly bound in aggregation,  the large PA break up 
at the surface of and reform after passage through the hko u pore mesh, 
whereas the more strongly bound MA of stored blood are trapped by this 
filter.    Although Dacron wool is most effective in removing PA from 
blood, it also removes aggregated platelets.    Thus, in considering this 
filter in autotransfusion, the possible harmful effect of PA emboliza- 
tion must be weighed against the thrombocytopenia which may result. 
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Table 22 

Platelet and Leukocyte Counts in Extravasated Rat Blood 
Before and After Filtration* 

Filter Platelets/mm Leukocytes/mm 

Before After Before After 
Filter Filter Filter Filter 

120 u mesh 1,07U,000 
+ 103,000 

1,053,000 
+89,000 

10,210 
+ 700 

9,020 
+ 63O 

hO u mesh 676,000 
+75,000 

61+3,000 
+36,000 

9,kk0 
+ 780 

10,160 
+1,01+0 

Dacron wool 7BM00 
+1+6,000 

175,000 
+ 103,000 

10,680 
+ 870 

9,350 
+ 780 

*Each value represents the mean + standard error of 
eight experiments. 

ll+.    Immune mechanisms in Schistosoma masnoni infection of the inbred 
rat 

Objective;    These studies were designed to gain insight into the 
mechanisms of immunity to Schistosoma mansoni in the rat. 

Description;    Despite the public health and military importance 
of schistosomiasis, information on host defense mechanisms in the 
disease is limited.    Controversy exists regarding the role of the 
immune system in both the primary and chronic or reinfection aspects 
of the disease.    In many ways the inbred rat represents an ideal animal 
for experimentation as it is highly resistant to schistosomes and allows 
for critical transfer experiments.    This report expands and defines 
previous findings as to conditions for reproducible exposure and the 
kinetics of development of host immune mechanisms during the initial 
exposure to Schistosoma. 

Fischer rats were exposed to Schistosoma mansoni cercariae and 
the intensity of infection assessed by perfusion and direct counting 
of the worm burden.    The effect of animal age at exposure upon the 
subsequent worm burden is summarized in Figure 17.    Increasing resist- 
ance with age was found.    The effect of exposure magnitude upon subse- 
quent burden is summarized in Figure 18.    Maximum resistance was 
established by the exposure of animals to a minimum of 250 cercariae. 
All animals in subsequent experiments were k l/2 weeks of age at 
exposure, and were exposed to 1000 cercariae and sacrificed 3 l/2 weeks 
after exposure. 
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EFFECT OF ANIMAL AGE AT EXPOSURE UPON 
SUBSEQUENT SCHISTOSOME WORM BURDEN 
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Fig.   17 
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EFFECT OF  EXPOSURE  MAGNITUDE UPON 
SUBSEQUENT  SCHISTOSOME WORM BURDEN 
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Studies on the mechanisms of host defense were next performed. 
Cells from animals previously exposed to schistosomes were injected 
into recipient animals which were subsequently exposed to schistosome 
cercariae.    Figure 19 demonstrates that resistance could be specifically 
transferred with the use of cells from previously infected animals. 
Maximum effect was  seen using cells from animals exposed to cercariae 
3 weeks earlier.    Additional studies on subpopulations of cells showed 
that the cells responsible for resistance were probably lymphoid in 
morphology, and thymic derived in origin.    These conclusions are based 
on studies using cells of various origins (bone marrow, thymus,  lymph 
node, spleen and peritoneal exudate) which were characterized by their 
adherence properties and susceptibility to antibody and complement 
using antibodies with defined activity against specific cell types. 
The results of many experiments are briefly summarized in Table 23. 

Table 23 
Mean Decrease 

Cell Source in No. of Worms 
and Treatment Recovered {"jo) 

0 66* 
Removal of adherent cells 57* 
Removal of non-adherent cells 12 
Removal of thymic  lymphocytes 1? 
Removal of bone marrow lymphocytes US* 

*Significant reductions at 0.05 confidence level. 

These results  indicate that the cells responsible  for protection 
are thymus derived lymphocytes. 

Similar studies on protection were accomplished using serum from 
exposed animals.    Figure 20 shows that serum could successfully protect 
animals when it was taken 7 weeks after exposure.    Of interest was the 
observation that earlier serum could actually enhance the worm survival. 
In addition this early serum would block the expected protection af- 
forded by cells when transferred simultansouly with those cells. 

Preliminary studies using multiple exposures indicate that upon 
re-exposure the  serum mediated responses are most important.    Work 
continues in this area and is augmented by e.itigen fraction and in vitro 
cell culture work. 

15.    Immune mechanisms of endogenous virus release in mice 

There is a growing realization that endogenous (possibly leukemo- 
genic) viruses are affected by and affect immunogenic factors.    We 
have been studying some of these reactions in collaboration with the 
Harvard Medical School and the Tufts University School of Medicine. 

The results may be summarized as follows: When mice are chaJlenged 
with an ongoing immunogenic disease, i.e. graft vs host reaction induced 
by the injection of parental cells into F, recipients  - several interesting 
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EFFECT OF SPLEEN CELL TRANSFER  UPON 
SUBSEQUENT SCHISTOSOME WORM BURDEN 
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Fig.   19 

EFFECT OF SERUM TRANSFER UPON 
SUBSEQUENT SCHISTOSOME WORM BURDEN 
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phenomena are observed.    First one finds the liberation of virus to 
occur as early as one week after challenge.    Table 2h demonstrates 
this phenomenon.    It also shows the second major point of this study. 
Concomitant with the release of virus, the lymphocytes display altered 
in vitro response to thymic  lymphocyte mitogens such as phytohemag- 
glutination (PHA) and allogeneic cells in mixed lymphocyte culture (MLC). 
This alteration of cellular reactivity is further defined in Table 25. 
Here one sees that the cellular response is complex, increasing early 
and decreasing later in the course of disease.    Finally a variety of 
stimuli have been used to stimulate virus release.    These studies are 
summarized In Table 26.    Briefly,  in vivo and in vitro allogeneic 
stimulation as well as the drug lododeoxyuridine release virus.    Other 
nonspecific agents do not. 

These studies are potentially of great importance since the re- 
lease of virus may play a role in altering immunity to infection and 
neoplasia.    In addition,  it is known that infectious virus can suppress 
cellular reactivity;  for example measles vaccination leads to a tran- 
sient tuberculin anergy. 

:5 

Table 2k 

Relationship of In Vitro Proliferation and 
Activation of Leukemia Virus 

Stimulation Source 

PHA MLC 

Cell CFM15 
Virus 
titre0 CPM 

Virus 
titre CPM 

Virus 
titre 

GUHR Animal 10U0 1.2 9,700 1.2 3,800 - 

Normal 980 0 29,500 0 10,600 2.2 

Mixed lymphocyte culture utilizing addition of irradiated 
normal C57BL/6 spleen cells. 

Mean counts per minute, incorporated tritiated thymidine. 

Mean virus titre—TCID50/ml (50/0 tissue culture infectious 
doses/ml). 

l6.    Effects of thymic products on the immune response in vitro 

There is an increasing awareness of the importance of the thyraus 
in modulating cellular immunity and potentiating humoral immunity through 
the production of soluble mediators.    We have studied two such mediators, 
the immunosuppressive alpha globulins.    They are derived from the serum 
or thymus of animals and possess potent immunosuppressive capabilities 
in vivo.    Our studies were conducted under in vitro conditions. 
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Table 25 

In Vitro Cellular Reactivity During Course of GvH Reaction 

Stimulant Ia 
Time in weeks 8* 

fflA -6U 

CON-A 42U -57 

SRBC +97 -70 

C57BL/6mH bod +133 -87 

al week following single injection of parental cells( 

8 weeks following first injection of parental cells. 
cResults expressed as percent change of response of 

6VHR animal compared to normal F, animal. 

'^tttomycin treated allogeneic cells (N > 9). 

Table 26 

Activation of Leukemia Virus from CIAF..  Spleen 
Cells Cultured in vitro       ! 

Stimulus 

GvH 

Number 
tested/ 
positive 

26/31 

positive 

8U 

MLC 9/16 56 

IUDR 5/12 U2 

0 U/3h 12 

mk 1/2U k 

CON-A 1/12 8 

SRBC 0/19 0 
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Studies of the effect on afferent arc of the immune response were 
first conducted.    When these alpha globulins were added to proliferating 
cells, they possessed the ability to both augment and suppress that 
proliferative response (Fig. 21).    The analysis of this in vitro effect 
showed it to be nonspecific since response to nonspecific mitogens such 
as FHA or specific alloantigens in mixed culture or sheep red blood 
cells  (following in vivo exposure) were similarly effected.    That the 
most profound effects were on DNA synthesis was demonstrated when 
various synthetic pathways were analyzed (Fig. 22).    Furthermore, the 
stimulatory and suppressive effects were functionally separable on the 
basis of in vitro reactivity when added early and in low concentrations 
to culture.    Dominant stimulatory effects were observed (Table 27). 
Later addition and higher dosage showed suppressive effects. 

Because of the intimate relationship between cell proliferation 
and the subsequent development of effector cells the cells resulting 
from stimulation were next assayed for their ability to destroy target 
cells which were identical to those used to stimulate the MLC.    Figure 
23 demonstrates an excellent correlation between suppression of MLC 
proliferation and subsequent effector capability. 

After sensitizntion,  lymphocytes are known to develop specific 
response characterisitics defined by in vitro assays.    One  such ability 
io the destruction of targets (see above) and another is the ability 
to release mediators of known biologic activity; for example, the 
ability to inhibit the migration of macrophages (Mir).     The effect of 
immunosuppressive alpha-globulin on pre-existing effector capability 
was next tested.    Table 28 demonstrates that a wide range of concen- 
trations of the iimnunosuppressive alpha-globulins had no demonstrable 
effect on those effector capabilities. 

These studies indicate that antigenic recognition and effector 
capability are not influenced whereas the proliferative lymphocyte 
response is either augmented or suppressed, depending upon the concen- 
tration of alpha globulin.    The significance of the metabolic control 
on DNA synthesis is of potential importance in augmenting an immune 
response.    Since similar thymic factors are found in man, the possibility 
of their application in specific immunization schema are becoming in- 
creasingly manifest. 
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EFFECT OF IMMUNOSUPPRESSIVE o-GLOBULIN 
ON IN VITRO BLASTOGENIC RESPONSE 

UJ 
to 
Z 
o 

B6C     31C 
AG.DEP  
MLC         
PHA  

Fig. 21.    Effect of immunosuppressive alpha globulins upon in vitro 
blastogenic responses.    Various concentrations of thymic  (T31C) and 
bovine (B6C) derived alpha globulins were added to cultures of C57B1/6 
spleen cells containing either medium 15ug/wl PPD (Ag.  Dep.), 1.2/jg/inl 
PHA, or BALB/C spleen cells (MLC) the concentration of each fraction is 
plotted against the resulting degree of isotope incorporation (deterrainei 
by ^H-thymidine) as a percentage of the untreated control.    Note a dose- 
dependent stimulatory and suppressive effect by both alpha globulins on 
all responses.    Mean cpm of unstimulated cultures:    ikQO  f 315 at U8 
hours  (mk), 1690 + h2rJ at 72 hours (MDC and Ag. Dep.).     No significant 
direct effect was observed upon spontaneous isotope incorporation of 
unstimulated cultures by the addition of the fractions. 
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EFFECT OF IMMUNOSUPPRESSIVE a-CiOBULIN ON MIC 

200r 
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8 10 30     50    80      150      300   500     1000 

T31C ha/m\ 

Fig. 2°-.    Effect of imraunosuppressive alpha globulin on MLC.     75 x 10 
05731/^ + 75 x l(ß BALB/c spleen cells were incubated in vitro in the 
presence of various concentrations of immunosuppressive alpha globulin. 
After 63 hours of incubation 3H-thymiäine, 3H-5-uridine ^C-DL-Leucine, 
or 3H-my^inositol were added to replicate cultures which were terminated 
at 72 hours.    Thö concentration of fraction is plotted against the 
resulting degree of isotope incorporation shown as a percentage of the 
untreated control.    Each point represents the mean and 95$ confidence 
interval of replicates.    Note the dose-dependent stiinulR/tion and sup- 
pression of all four synthetic  rates; however, the most profound effects 
are upon DNA synthesis. 
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J 
EFFECT OF IMÄAUNOSUPPRESSIVE o-GLOBULIN ON MLC AND 
SUBSEQUENT EFFECTOR CELL DEVELOPMENT 

0 10 50 100 150 

B6C /ig/m' 

200 

Fig.  23.    Effect of imraunosuppressive alpha globulin upon MLC and sub- 
sequent effector cell development.    Various concentrations of immuno- 
suppressive alpha globulin were added to MLC upon initiation (BALB/C + 
C57B1/6 irradiated spleen cells) and the resultant cell population 
tested for MLC activity by 3H-thymidine incorporation and LMC by 51cr 
releast.    The ratio of stimulation and percent specific chromium release 
is plotted against concentrations of immunosuppressive  (B6c) alpha 
globulins added to culture.    Note the dose-dependent correlation of 
stimulation and suppressive effects upon both phenomena.    MLC cpm 
mixture, 3^,300 + U5OO; C57B1/6 irrad, 220 4- 150; BALB/c, 265O + 310. 
LMC cpm freeze-thaw, 3920 + 36 cpm, spontaneous release,  1283 j_ 71 cpm. 
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23.  (U) The scientific objective is to study the molecular pharmacology of elimination 
of R-factor-mediated bacterial multiresistance to chemotherapeutic drugs as well as of 
antimalarials, antibiotics and narcotics. The ultimate objective is the development of 
clinical anti-R-factor drugs for use In treating drug-resistant diarrheas, an Important 
military problem. 
2h.     (U) The approaches are fundamental laboratory experimentation using advanced micro- 
biological, biochemical and biophysical methods. 

25-  (U) 73 07 - lh  06 Potencies of DNA-complexing compounds to eliminate resistance 
determinants from a bacterial R-factor correlated with a relative measure of stoichio- 
metry of binding to DNA (methyl green displacement).  One nitroacridine, at 2 micro- 
grams/ml, sterilized ampicillin-resistant (R-factor determined) S.  typhimurium in 
combination with ampicillin. Biochemical observations indicate that it is possible to 
study R-factor replicative DNA synthesis in cell-free systems.  The DNA-binding anti- 
biotic, distamycin A, which interferes with the transmission of R-factors among bacteria 
binds preferentially to poly dA and single-stranded DNA of phage 1(1X1714. The dissimila- 
tion of bacterial ribosomes and ribosomal RNAs under the influence of primaquine has 
been investigated in vivo and in vitro.  Kinetics and endpoints of association and 
dissociation of E. coli ribosomes have been measured in vitro by light-scattering 
techniques.  The role of the three "initiation factors" as well as the effects of 
streptomycin and one experimental narcotic on ribosomal kinetics have been studied. 
For technical report see Walter Reed Army Institute of Research Annual Progress Report, 
1 Jul 73-30 Jun 71*. 
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Project 3A161102B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE 

Task 01 Biomedical Sciences 

Work Unit 07*+ Molecular basis of biological regulation and chemo- 
therapeutic drug pharmacology 

Investigators. 
Principal: Fred E. Hahn, Ph.D. 
Associate: 1LT Patrick E. Lorenz, MSC; Jennie Ciak, M.S.; 

Anne K. Krey, M.S.; John G. Olenick, Ph.D.; 
Alan D. Wolfe, Ph.D. 

Description. 

Molecular biological and pharmacological as well as microbiological 
research studies with three objectives,     (l) To provide fundamental 
information on the replication and elimination of bacterial plasmids 
(R-factors)  as a basis  for developing anti-R-factor compounds for 
clinical use in man;   (2) To elucidate modes of action of major anti- 
malarials and antibiotics, and (3) To gain a better understanding of 
the molecular pharmacology of narcotic drug action.    Objective (2) is 
being deemphasized and Objective  (3) has been phased out.    Progress 
reported here has been curtailed by an extensive shut-down of 
laboratories owing to rebuilding. 

Progress and Results. 

Elimination of resistance determinants from R-factors.    Experiments 
have been continued on the elimination of resistance determinants 
from an R-factor in Salmonella typhimurium.     This organism has been 
selected for both its medical importance and the fact that elimination 
of resistance determinants works well in Salmonellae, as contrasted, 
for example,  to Escherichia coli.    Tables I and II summarize results 
of elimination experiments which were carried out by growing cultures 
of the test organism overnight in the presence of the test compounds, 
followed by differential plating and colony counting.    Three facts 
emerge from an examination of the Tables,     (l) Most compounds  (with 
the exception of nalidixie acid and coumadine) are known to form com- 
plexes with DNA; nalidixic acid inhibits DNA biosynthesis by a 
different and still unknown mechanism.     (2) Elimination of resistance 
determinants was  selective,  i.e.  the test  compounds  produced genetic 
segregation of individual resistance markers.    "Curing" en bloc was 
rarely seen.     (3) The eliminating potencies of the studied compounds 
(Table II)   fell into a systematic hierarchic sequence which showed 
only a few inversions which miy not all be statistically significant. 
Conclusive statistics are difficult to obtain owing to the tendency of 
£3.  typhimurium to produce some spontaneous segregation of genetic 
markers  from plasmids.     The activity sequence evident in Table II 

228 

'"'""""-"•-' L-      -' nn-^nnnj^a^^fl«.   



,.J 
TABLE I 

Per Cents Elimination of Resistance Determinants in S^  typhimurium 

Compounds 

6.25 x IQ"6 M 
Nalidixie Acid 

2.5 x 10-5 M 
Nitroacridine II 
Daunomycin 
Proflavine 

5 x 10-5 M 
Nitroakridin 3582 

8 x 10-k  M 
Coumadine 

Kana 

TO 

99 
86 
86 

82 

TO 

Chloramph Strepto Ampicill 

56 60 61* 

96 
80 
T9 

96 
TT 
6h 

9T 
81 
68 

69 TO 69 

56 60 61* 
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TABLE II 

Per Cents Elimination of Resistance Determinants in £.  typhimurium 

Compounds at 10"^ M Kana Chloramph Strepto Ampicill 

Ethidium 96 82 8k 82 
Miracil D 91 82 81 82 
Quinacrine 92 79 81 71 
Propidium 89 78 71 71 
Tilorone 85 80 7i* 78» 
p-Rosaniline 87 71 73 66 
Acridine Orange 85 71 69 68 
Berberine 83 68 70 62 
Quinine 81 60 66 57 
Spermine 81 56» 71 58 
Chlorpromazine 78 63 67 72» 
Hoechst 33258 72 61* 6k 67» 
Chloroquine 80» 58 52 53 
Methylene Blue 68 50 kB kl 

»Significant inversions in activity sequence 
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is a biological consequence of the DNA-binding capacity of the tested 
compounds. A diagram in which the elimination frequencies were plotted 
as a function of the endpoints of displacement of methyl green from DNA 
(a relative measure of stoichiometry of drug binding to DNA) revealed a 
direct correlation between the two parameters, i.e. the elimination 
potencies of the studied compounds are a function of their abilities to 
form complexes with (R-factor) DNA. Most of the tested compounds bind 
to DNA by intercalation (except nalidixic acid, coumadine, p-rosaniline 
and spermine).Intercalation into closed circular supercoiled DNA 
(R-factor DNAs have this conformation) causes progressive unwinding of 
the constrained molecule and, at higher drug concentrations, upwinding 
into supercoils of opposite handedness. When the stoichiometries of 
binding (methyl green displacement) were plotted as a function of the 
unwinding stoichiometries for a series of compounds for which both 
sets of numbers are available, again a linear correlation was seen. 
It is assumed, therefore, that the elimination of resistance deter- 
minants from R-factors by DNA-intercalating drugs is a consequence 
of the binding of these compounds to R-factor DNA and of the resulting 
conformational changes in this DNA which incapacitate it from acting 
as a template for its own replication. Our results and their inter- 
pretations converge, therefore, on the conclusion that compounds which 
share the group property of the intercalation binding into DNA 
possesses, for this very reason, the group property of eliminating 
chemotherapeutic drug resistance determinants from bacterial R-factors. 
This was originally proposed by us as a working hypothesis in 1970 and 
appears by now to be an established theory which can guide the search 
for superior compounds which might restore drug sensitivity to multi- 
resistant Gram-negative pathogens, clinically.  We have also continued 
combination experiments in which cultures of !3. typhimurium, resistant 
to 2,500 Mg/ml of ampicillin are sterilized by combinations of 60 yg/ml 
of this antibiotic plus concentrations of anti-R-factor compounds which, 
by themselves, do not inhibit bacterial growth. We reported such 
results last year for combinations of ampicillin with ethidium or 
quinacrine. This work has been successfully extended to include two 
nitroacridines and tilorone.  The most active compound was Nitroakridin 
3582 ("Entozon") which in combination with ampicillin sterilized test 
cultures at the low concentration of 5 x 10~° M, i.e. 2 ug/ml. 

In vitro biosynthesis of R-factor DNA.  In very preliminary experiments, 
Escherichia coli RS-2 (from which the R-factor in the £[. typhimurium 
experiments originates) was selectively extracted by a procedure which 
has been shown by others to yield a plasmid DNA as well as enzymes for 
its biosynthesis. The bacterial extracts incorporated radioactive 
deoxyribonucleoside triphosphates into a polymer presumed to be äe_ novo 
synthesized R-factor DNA. This incorporation was inhibited by ethidium 
and was (in freshly prepared extracts) stimulated by added ribonucleoside 
triphosphates.  These observations suggest that in vitro plasmid DNA 
synthesis has been accomplished. Next logical steps will be the 
identification of the template as well as of the biosynthetic product 
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obtained. 

Distamycin A. This antibiotic has received wide scientific attention 
because of its unique binding to DNA; it also inhibits the transfer of 
R-factors between Gram-negative bacteria. Studies on the Distamycin- 
DNA complex have been carried out in this laboratory since 19T0. 

Spectrophotometric titrations of distamycin A with double-helical 
calf-thymus DNA progressively shifted the absorption maximum of the 
antibiotic to longer wavelengths as well as decreased and subsequently 
increased its absorption intensity. No red shift was observed upon 
dilution of free distamycin in solution. These spectral changes suggest 
decreasing intramolecular interactions between the antibiotic's 
chromophores rather than decreasing intermolecular interactions be- 
tween distamycin molecules. No clear isosbestic point was observed. 
This indicates the existence of more than one spectrally distinct form 
of bound distamycin. Resolution by computer revealed two Gaussian 
contributions to the composite absorption spectrum of distamycin bound 
to low concentrations of DNA and a third component in the presence of 
higher DNA concentrations. Existence of three absorption components 
for bound distamycin may represent a manifestation of a slight hetero- 
geneity of the three antibiotic chromophores resulting from different 
substitutions at the three N-methylpyrrole ring systems. This hetero- 
geneity became progressively apparent with increasing concentrations 
of DNA as distamycin became more and more bound in the manner which 
reiuced the intramolecular interactions between the antibiotic's 
chromophores. No stoichiometries and association constants can be 
derived from these observations; the results, nevertheless, demonstrate 
a progressive change in relative occupancy by distamycin of two classes 
of binding sites in DNA. 

Studies of the interaction of distamycin with different DNAs have shown 
preferential binding of the antibiotic to A-T rich regions of DNA or 
to synthetic double-helical polymers devoid of guanine. Distamycin 
also binds selectively to single-stranded DNAs. The antibiotic's 
absorption was reduced and shifted to longer wavelengths by (JiXl?1* DNA, 
poly dA, poly dT, poly dG and poly dC; the shift was small with 
poly dC but large with poly dA and ^XIT^ DNA. Poly dA induced a Cotton 
effect of large molecular amplitude in the optical rotatory dispersion 
spectrum of distamycin; a smaller effect was induced by poly dG, while 
poly dT and poly dC produced no such effect. ^Xl?1* DNA melted 
cooperatively with the antibiotic as did denatured DNA, while the 
complex of poly dG with distamycin partly dissociated with heat, 
whereas the complexes with poly dA, poly dT and poly dC remained intact. 
W^ infer that the selective interaction of distai?ycin with single- 
stranded DNAs may inhibit their template activity.  Effects of the 
antibiotic on the RNA polymerase reaction primed by single-stranded 
DNAs are under investigation; any template specificity might correlate 
with our biophysical results above. 
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J Influence of R-factor eliminating compounds on the conformation of 
closed circular DNA.    The rationale of this study and preliminary- 
results were reported last year.    The closed-circular supercoiled DNA 
was isolated from bacteriophage PM-2; this is currently the most widely 
studied supercoiled DNA species.    This work has been completed for 
publication.      A new, interesting result is the fact that nalidixie 
acid has no influence on the conformation of supercoiled DNA,    This 
adds to the sum of different lines of biophysical study which have led 
to the conclusion that nalidixic acid does not bind to DNA and produces 
its well-known inhibition of bacterial (but not mammalian) DNA bio- 
synthesis by a mechemism which is not related to template toxicity.    The 
work has now entered into its next phase in which the influence of R- 
factor eliminating compounds will be studied biophysically with an 
isolated R-factor DNA,    Such DNA is being obtained from E.   coli harbor- 
ing the R-factor R6K whose replication is under relaxed control and, 
therefore, produces numerous copies per cell.    This is important for 
yield as well as from the viewpoint of studying the conditions under- 
lying relaxed replication.    R-factors so replicated might be difficult 
to eliminate. 

Continuation of studies on the mode of action of primaquine.    We reported 
last year that primaquine,  like chloroquine, elicits a disassembly of 
ribosomes and concomitantly induces a degradation of ribosomal RNA in 
B.  megaterium.    We now report that, after global RNA of B.  megaterium 
was  radioactively labeled with l^C-uracil, exposure to primaquine 
resulted in a slow linear (with time) release of l^C-uracil-labeled 
material from the cells  into the medium:  after 60 minutes  at a prima- 
quine concentration of 6 x 10"^ M,  20 per cent of the radioactive label 
was  lost from cells; at 8 x 10"^ M, the loss was  30 per cent.     Evidently 
ribosomes are disaggregated to structures of low sedimentation rate, 
but the RNA is not degraded to small   (oligonucleotides and/or mono- 
nucleotides) molecules.     This  corrobora-.es our previously reported zone 
centrifugation studies of extracts from primaquine-treated B.  megaterium 
demonstrating that the majority of the breakdown products  of ribosomes 
and of ribosomal RNA accumulated in the "lighter"  sRNA region of 
sucrose gradients.    Zone centrifugation analysis  following in vitro 
addition of primaquine prior to or  after preparation of extracts   (by 
passage through a French pressure  cell)  of B,  megaterium,   failed to 
show any detectable ribosome  destruction.    Other investigators  have 
shown that high Mg2+  (10 mM)  protects isolated ribosomes  from disag^rega- 
tion and degradation but that at  concentrations of the order of 
10~5 M Mg^+,  dissociation of the protein and RNA moieties  of isolated 
ribosomes is accompanied by the liberation of a latent ribonuclease 
and subsequent hydrolysis  of ribosomal RNA.     Crude extracts prepared 
from cells washed and suspended in peptone phosphate growth medium,  in 
which the Mg2+ concentration is  approximately 0.5 mM,  and incubated with 
primaquine, produced extensive breakdown of ribosomal particles. 
However,  ribosomes  in primaquine-free control extracts were also 
degraded.    A comparison of the breakdown profiles as revealed by sucrose 
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gradient centrifugal analysis suggests a slightly greater destruction 
of ribosomes in primaquine-containing extracts. A technique other than 
zone centrifugation, namely light-scattering, is being employed as an 
alternate and, perhaps, more sensitive method to study primaquine- 
induced disaggregation and degradation of isolated B. megatorium 
ribosomes. 

Studies on ribosomal kinetics. Reactions providing for the initiation 
of protein synthesis in bacteria are of interest not only to molecular 
biology in general but also as concerns the action of aminoglycoside 
antibiotics, e.g. streptomycin which inhibits bacterial growth through 
prevention or distortion of the initiation process. Initiation of 
protein synthesis is, in part, catalyzed by three protein "factors" 
which possess multiple functions, among which are dissociation and 
reassociation of 70S ribosomes, in order to position correctly the 
initiation codons contained in messenger RNA (mRNA).  Individual sub- 
units (5OS and 30S) of the 70S ribosomes alone are incapable of 
synthesizing protein.  Past techniques for direct measurement of reac- 
tions between ribosomes and their subunits have been deficient; zonal 
centrifugation for determination of reaction endpoints in terms of the 
distribution of equilibriui components influences these distributions 
tnrough exertion of hydrodynaml^ pressure which induces ribosomal 
dissociation. Therefore, lignt scattering was used to study ribosomes 
and their reactions. Efforts were directed toward answering five 
questions:  (l) What is the influence of the major cellular cations on 
the distribution of ribof-omal species? (2) What are the time courses 
and kinetic characteristics of association and dissociation?  (3) What 
is the influence of the initiation factors upon the distribution of 
ribosomal species? (h)  What are the changes in the ribosomal distribu- 
tion during initiation of actual protein synthesis?  (5) What is the 
influence of streptomycin upon the action of the initiation factors? 
In addition, the influence of one narcotic on the initiation reaction 
was investigated,  (l) The concentration of Mg2+ controls the proportion 
of ribosomes and their subunits in ribosomal suspensions.  When the 
concentration of Mg^+ was varied systematically between 1 and 20 mM, 
the distribution of 70S ribosomes and their 50S and 30S subunits, 
depended upon this concentration between 1 and 8 mM; at 10 mM Mg^+ 

the population consisted almost entirely of 70S ribosomes with an average 
molecular weight of 2.66 x 10" daltons, while at 1 mM Mg^+ the popula- 
tion consisted entirely of subunits having an average molecular weight 
of 1.35 x 10° daltons. However, when ribosomes were obtained from 
sucrose gradients and their dissociation and reassociation followed as 
a function of time and endpoint, a much sharper Mg2+ dependency was 
observed, as well as a markedly different time course.  The conclusion 
was that ribosomes undergo changes in conformation which may affect 
their ability to carry out synthesis of protein. While this research 
was in progress, another laboratory, also using light scattering, 
reported that ribosomes and their subunits obey the laws of mass action 
and that a true chemical equilibrium, controlled by the concentration 
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of Mg , exists between these various species.  (2) The time course of 
ribosome dissociation and association and the nature of their kinetics 
remained to be elucidated. We found that Mg2+ inducea niterations in 
the state of association of ribosomes despite the high velocity of 
these reactions. The equipment had a dead time of 10 milliseconds 
(msec); reactions occurring more rapidly than 10 asec could not be 
measured. Ribosomal subunits associated at two rates which maximally 
possessed half times of 250 msec and 15 sec, respectively; both 
reactions were controlled by the concentration of Mg2+.  Similar 
kinetics were observed for the dissociation of ribosomes. The slower 
rate of ribosome dissociation was subsequently found to be related to 
the effect of the initiation factors.  (3) The influence of the 
initiation factors (IF-1, IF-2, IF-3) upon the state of ribosome 
association was measured by normal light scattering.  IF-S induced a 
slow dissociation of ribosomes, the rate being similar to the slower 
of the two dissociation rates following reduction in the concentration 
of Mg^+. Both the spontaneous as well as the factor-induced dissocia- 
tion exhibited first order kinetics, suggesting an excess of IF-3 to 
act indirectly through attachment to the 30S ribosome rather than 
directly through attachment to the 70S ribosome. Dissociation, 
therefore, results from a shift in the equi..brium between ribosomes 
and subunits. Initiation factor 2 (IF-2), conversely, induced forma- 
tion cf TOS ribosomes from subunits:  a light scattering increase 
always occurred when ribosomes were mixed with IF-2. Addition of IF-1 
to rLoosomal suspensions did not alter their light scattering char- 
acteiistics, suggesting that IF-1 on its own exerted no effect. How- 
ever, when IF-1 was added to ribosomes in the presence of IF-3, 
decrease in light scattering occurred more rapidly and to a greater 
extent than with ribosomes and IF-3 alone. Thus, IF-1 could increase 
the IF-3-induced rate of dissociation as well as the numoer of ribosomes 
dissociated by IF-3.  IF-1 could also increase light scattering when 
ribosomes were mixed with IF-2. We further found that the ribosome 
dependent GTPase activity of IF-2 was increased by IF-1 and that this 
increase could be eliminated by addition of IF-3, a pattern consistent 
with our other observations. {k)  Since it is important to know whether 
the reactions studied do occur during the actual initiation of protein 
synthesis, the components necessary stably to attach the initiator tRNA 
(formyl methionyl-tRNA) were included in reaction mixtures.  The 
synthetic messenger p(A,U,G) was utilized since it contains a large 
number of initiation codons (ApUpG). When this RNA was added to 
ribosomes alone, there occurred an unexpected increase in light scatter- 
ing consistent with the formation of a ribosorae-messenger RNA complex. 
Ribosomes could be saturated with p(A,U,G), the formation of this 
complex was dependent upon Mg2+ and could be eliminated either by 
RNAase, or IF-3 with or without IF-1. Even IF-1 alone reduced the con- 
centration of the complex.  The composite system containing p(A,U,G) 
as well as factors exhibited far greater decreases in light scattering 
at more rapid rates than systems lacking mRNA, although first order 
kinetics again were measured.  It was concluded that factor-induced 
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dissociation occurred more rapidly and to a greater extent in the 
presence of mRNA than in its absence.    This was tested through use of 
sucrose gradient centrifugations which yield the end-product of such 
reactions.    The greatest dissociation occurred in the presence of 
IF-3v  IF-1 and inRNA, hence, corroborating results obtained by light 
scattering.    When the initiation system was  completed by inclusion of 
(3H)-fMet-tRNA and GTP and analyzed by tracer analysis as well as by 
light scattering, we observed each reaction that had been previously 
found in the separate systems, and also a stable attachment of (%)- 
fMet-tRNA to the ribosome.     (5)  Streptomycin reduced the rate of, or 
inhibited, IF-3-induced dissociation of ribosomes, regardless of the 
presence of other initiation components.    The antibiotic appeared to 
exert  two related effects:     (l)  reduction in the rate of factor-induced 
dissociation,  and (2) restriction of light scattering decreases to the 
initial level which existed prior to addition of p(AJü,G),  suggesting 
that  light si attering increases  due to the presence of p(A,U,G)   could 
be eliminated by factors despite their inability to dissociate TOS 
ribosomes  in the presence of streptomycin.     Ribosomes  from either 
streptomycin-resistant, or -dependent mutant strains were less  active 
than were ribosomes from the parent strain, not only with respect to 
factor activity, but also with respect to complex formation with 
p(A,U,G).    We reported last year that several potent narcotics,  in- 
cluding the meperidine derivative NIH 7591»  inhibit growth of E.   coli. 
Protein synthesis was less sensitive to 7591 than was RNA and DNA 
synthesis.    When tested with respect to the effect of 7591 upon the 
stable attachment of fMet-tRNA to ribosomes,  a stimulation of ^30?» 
was  observed when the concentration of M^+ was suboptimal.     A similar 
stimulation was seen with spermine,  suggesting that the narcotic's 
effect was a function of its polyamine character rather than its 
specific drug structure. 

Conclusions. 

Potencies of DNA-complexing compounds  to eliminate resistance  determinants 
from a bacterial R-factor correlated with a relative measure of 
stoichiometry of bin ling to DNA  (methyl green displacement).     Several 
such  chemicals,   foremost one nitroacridine  at  5 x 10"° M, sterilized 
ampicillin-resistant  (R-factor determined)  S_.  typhimurium in combination 
with  ampicillin.     Preliminary biochemical observations indicate that 
it  is  possible  to study R-factor replicative DNA synthesis  in coVl-free 
systems  in vitro.    The DNA-binding antibiotic,  distamycin A, which 
interferes with the transmission of R-factors  among bacteria,  binds 
preferentially to poly dA and single-stranded DNA of phage (|)X17^;  it 
binds  much less  strongly to poly dG,  poly dC and poly dT.    The 
dissimilation of bacterial ribosomes  and ribosomal RNAs, under the 
influence of primaquine, has been investigated in detail ill vivo and 
in vitro.     Kinetics and endpoints  of association and disociation of 
E.   coli  ribosomes have been measured in vitro by light scattering 
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techniques.    The role of the three "initiation factors" in these 
processes as well as the effects of streptomycin and one experimental 
narcotic on ribosomal kinetics have been studied. 
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Investigators. 
Principal:   ITC Douglas J. Beach, M5C; Bhupendra P. Doctor, Ph.D.; 

Don J. Brenner, Ph.D. 
Associate:    SP^I Eddie L. Barrera, B.S.; MAJ Michael E. Boykln, MC; 

Ednund S. Copeland, Ph.D.; MAJ Hubert D. Cox, MC; 
Larlssa deBaare, M.D.; SP4 Leslie Douglas-Jones, B.S.; 
Clarence E. Emery, B.S.; George R. Fanning, M.S.; 
PPC Paal C. Klykken, B.A.; Elvlo A. Levrl, M.S.; 
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CPT William L. Miller, MSC; Mary Ann Sodd, M.S.; 
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The objective of this work unit Is to apply the knowledge gained through 
basic and molecular research to military irjdical problems.   Studies are 
carried out on disease-induced variations in cellular processes to 
characterize biochemical, genetic and molecular alterations using the 
physico-chemical and structural aspects of raacromolecules in bacteria, 
viruses and marnnalian cells.   These Investigations are: 

1. Enrichment and characterization of antibodies to morphine. 

2. il-methylpyrazole-lnduced changes in alcohol Intake and blood alcohol 
levels of alcohol-preferring rats. 

3. Enrichment of tRNA clstrons from E. coll using antibody affinity 
chrornatography. 

H.   Practlonation and molecular weight determination of DNA fragments 
using agarose column chrornatography. 

5. The role of cAMP modulation In major histocompatablity complex- 
induced activation of subpopulations of human splenic lynphocytes. 

6. DNA relatedness among enteric bacteria. 

7. Studies on the binding of 5,5-diphenylhydantoin (DPH) to nucleic 
acids in rat brain. 

8. Uptake of catecholamines by brain synaptosomes from opiate-treated 
rats. 

ill 
9. Stlnulatlon of In vivo incorporation of     C-2-glucose into free 
amino acids of rat brain by 5,5-dlphenylhydantoln treatment. 
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1. Enrichment and characterization of antibodies to morphine. 

Since the commercially available antibodies to morphine used In 
FRAT analysis were not suitable for systematic characterization studies, 
attempts were made to further purify and characterize these antibodies 
Residual albumin from a conmerclally available antibody sample was re- 
moved by ammonium sulfate precipitation.   The globulin fraction was sub- 
jected to Sephadex 200 gel chronatography.    The fractions thus obtained 
were examined for their morphine binding capacity by using spin labeled 
morphine (B-SDI) and ESR spectrometry.   The binding activity was con- 
tained in IgA and IgG fractions.   The separation of IgA and IgG was 
accomplished by pooling the active fractions from the Sephadex G-200 
column eluates and chromatographing them on a DEAE-cellulose column. 
Only the IgA fraction contained the morphine binding activity.   Further 
efforts are being made to purify and characterize the antibody to 
morphine using lirmunological as well as physico-chemical parameters. 

Preliminary results obtained with the opiate binding antibody 
show the following: (1) maximal affinity for 3-SLM was at pH 6-7, (2) 
there were between 3.7 and 4.9 nanomoles of binding sites for morphine 
per mg protein.    Syva (conmercial) morphine antibody preparation for 
PRAT on the other hand, had a rather broad pH optimum fr ' 3-SIW binding 
(pH 6.5-7.6).    There were between 1.1 and l.k nanomoles of binding sites 
for morphlne/mg Syva antibody protein; therefore the enrichment of 
morphine binding „sites was seme 35055.   Ihe enriched antibody preparation 
appeared to react instantaneously with 3-SIJyi.   The complete Syva anti- 
body preparation bound 3-SIM for about 10 min, released it In the next 
15 min and finally reassociated with 3-SIM maximally after a total of 
45 min.   Furtherroore, about 45 mln were required for equilibrium to be 
reached for the displacement of 3-SLM from the Syva antibody by morphine. 
Further efforts are underway to fully characterize this reaction and to 
extend these studier, to other Immunoassays for drugs of abuse, i.e., 
RIA, EMIT. 

2. 4-niethylpyrazole-induced changes in alcohol intake and blood alcohol 
levels of alcohol-preferring rats. 

This project was conducted In collaboration with Drs. L. Lumeng and 
T.-K. Li of the University of Indiana School of Medicine, Indianapolis, 
and D. Hawkins, Division of Neuropsychlatry, WRAIR.    The following is 
the sunmary of the results. 

Alcohol-preferring rats were placed on three different feeding 
schedules: 1) solid food ad lib and an unsweetened alcohol solution, 2) 
food ad lib and a sweetened alcohol solution, and 3) food restriction 
and sweetened alcohol.    Water was present in all instances as an alter- 
native fluid source.    A single intraperitoneal injection of ^-methylpyra- 
zole (4MP - 90 mg/kg body weight) inhibited alcohol intakes in all three 
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models for as long as 4 days.   Blood alcohol levels In the food- 
restricted rats remained unchanged or decreased slightly after the 
administration of 4MP whereas the animals given food ad lib showed 
substantial Increases in blood alcohol levels with either sweetened 
or unsweetened alcohol.    The administration of 4MP produced transient 
neurologic dysfunction. 

3. Enrichment of tRNA cistrons from E. coli using antibody affinity 
chrcmatography. 

This project has cane to a stage where it can be employed for en- 
richnent of cistrons fron marrmallan systems. The progress to date is 
sumnarized here. 

Antibody affinity chromatography was used to enrich E. coli DNA 
fragments that contain tRNA cistrons.    The method uses solid phase anti- 
body to 2,4-dinitrophenol (DNP) to bind specifically DNA which was co- 
valently attached to tRNA in a DNA/tRNA hybrid.    DNA was covalently 
linked to the periodate oxidized 3' terminal ribose of tRNA by reaction 
with the DNA hydrazine (DNPH).    The DNPH of tRNA (tRNA-DNPH) thus formed 
was bound specifically and quantitatively by the anti-DNP antibody 
which was attached to agarose gel (A-150M) via cyanogen bromide activa- 
tion.    The tRNA-DNPH was quantitatively eluted from the gel with 1 mM 
DNP.    Specific hybridization of tRNA-DNPH to E.  coli DNA sheared under 
pressure (4000 psi; approx. 400,000 + 40,000 daltons) was accomplished 
by incubation at 37° for 10 min in 405? formamide containing 1.3 x SSC. 
The DNA/tRNA-DNPH hybrid was bound and eluted from anti-DNP agarose gel 
column Just as with tRNA-DNPH but with 35 to h0% of the efficiency. 
Uhhybridized DNA passed through the column with less than 0.155 non- 
specific binding.    The procedure is rapid and uses low tenperature 
hybrid isolation.    DNA fragynents containing tRNA cistrons are enriched 
approx. 200 to 400-fold using one purification cycle.    This method is 
being applied to several studies, such as isolation of cistrons that 
code for stable messenger RNAs. 

4. Practionation and molecular weight determination of DNA fragnents 
using agarose gel column chromatography. 

DNA fragnants of sev?ral different sizes were produced by shearing 
E. coli DNA under different pressures.   These fragjnents were used to 
demonstrate that column chromatography on agarose bio-gel (A-15M) can 
provide a rapid and inexpensive fractionatlon and sizing method for 
single-stranded nucleic acids having masses between 105 and 10« daltons. 
Both Chromatographie and electrophoretic analysis of the sheared DNA 
indicated that discrete fragment populations were produced at each 
shearing pressure and that these fragments were distributed essentially 
symmetrically around a mean piece size.     The average molecular weight 
of the several DM fragment size distributions was determined electro- 
phoretically by comparison with standard DNA fragnents obtained from 
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restriction endonuclease cleavage of SMo viral DNA.    The mDlecular 
weights of the denatured, sheared fragments (single-stranded) ranged 
from 1.25 x 105 to 7.^ x 105.    The single-stranded DNA fragnents were 
chronatographed over agarose blo-gel (A-15M) and a linear relationship 
was found between the mobilities and logarithms of the molecular weights. 
Readily available tRNA, 5s RNA and SSUlk single-stranded, circular IMA 
chronatographed at the extremes of this linear relationship and could 
be used to calibrate the column chrcmatography. 

5. The role of cAMP modulation in major histocompatibility complex 
induced activation of subpopulatlons of human splenic lymphocytes. 

The human spleen contains distinct subpopulatlons of lymphocytes 
which can be separated by discontinuous gradient centrifugation.   The 
fractions thus obtained were shown to be functionally different as 
Judged by modulation of the adenylate cyclase-cAMP system in mixed 
lymphocyte cultures (MLC).    The results presented here show that in 
splenic lymphocytes from a given donor, the total effect of a particular 
drug on DNA synthesis was controlled by three factors:  (1) drug con- 
centration, (2) spleen cell subpopulatlon used, and (3) time of inter- 
action between responding and stimulating cells in the MLC prior to 
addition of the drug.    The experimental design used in this investiga- 
tion provides a model by which the timing and/or duration of sigial 
transfer between histolncompatible cells may be more fully explored. 
The results further show that agents known to elevate intralymphocytic 
cAMP levels modulate the human transplantation antigen complex-stimula- 
tion of lymphocytes.    This suggests a role for cAMP in allogenic 
recognition.   Finally, the use of highly purified preparations of 
lymphocytes may clarify some of the controversy about cAMP metabolism 
in lymphocytes. 

6. Deoxyrlbonucleic acid relatedness among enteric bacteria. 

The family Enterobacteriaceae contains the bacterial causative 
agents of a variety of diseases Including enteric fever, diarrhea, 
urinary tract Infection, food poisoning and bacteremia.    DNA relatedness 
in representatives of all groups of enteric bacteria is being determined. 
The data obtained are used for the following purposes: 

, 

a. To develop a method for rapid identification of biochemically 
atypical bacteria in the clinical laboratory. 

b. To correctly Identify cultures that cannot be routinely identi- 
fied due to grossly atypical biochemical reactions, unusual serological 
characters or the presence of plasmids. 

c. To accurately classify newly described organisms. 
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d. To develop a molecular (genetic) definition of a bacterial 
species. 

e. To develop a classification based on genotypic relatedness. 
Instead of relying solely on a few phenotyplc characteristics.   The 
average bacterium contains sufficient ENA to specify some 3,000 average 
size genes, yet most organisna are classified on the basis of 10-25 
characters. 

f. To isolate and characterize specific portions of the bacterial 
genome such as the genes that specify transfer ribonuclelc acids, 5s 
ribonucleic acid, and the lactose operon. 

g. To characterize relatedness among bacterial viruses and between 
these viruses and their host bacteria. 

Data obtained previously indicate that enteric bacteria are all 
significantly related.    In the main there is a core of some 25$ related- 
ness among these organisms.    The main exceptions are found in the genera 
Proteus and Providencia.   Most of the proteei and providencia exhibit 
about 10-1555 relatedness to members of all other genera. 

EHring the past year work was concentrated on assessing relatedness 
within specific genera of medical inportance, and on developing a clini- 
cal method for identification of atypical cultures. 

Polynucleotide sequence relatedness among species of KLebslella and 
Ehterobacter.    It is difficult to distinguish between KLebslella and 
Ehterobacter aerogenes solely on the basis of biochemical differences. 
We have shown that these organisms are easily separated on the basis of 
DNA relatedness.    The three species of Enterobacter; E. aerogenes, E. 
cloacae and E. hafniae are also slgiiflcantly different.   E. aerogenes 
is about JJO^Trelated to E. cloacae and E. hafhiae is about 25% related 
both of these species.    It was unexpectedly found that E. cloacae 
strains form two relatedness groups; one containing all unplgjnented 
strains and the other containing all strains with a yellow pignent. 
There is no biochemical basis for these two groups which are W% 
related to one another. 

Polynucleotide sequence relatedness to Enterobacter agglomerans.   E. 
agglomerans strains until recently have been classified with the genus 
Erwinia -""is plant pathogens.    These organisms have been isolated with 
increasing frequency fron human infection.   In fact they were one of 
the two causative organisms In the Abbott serum bottle epidemic of 
bacteremial Infection sane three years ago.   Ewing and Fife have pro- 
posed that these organisms be placed In Enterobacter as E. agglomerans. 
They have identified 11 different blogroups.   We have tested some 50 
strains and find that there are at least five different hybridization 
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J groups; some of which do not correlate with the blogroups.   We have now 
prepared some 100 additional strains including representatives of all of 
the blogroups.   These strains are currently being tested. 

Polynucleotide sequence relatedness in the tribe Proteeae.    Bergey' s 
Manual of Deteminative Bacterioloar describes one genus, Proteus con- 
taining five species: P. mirabilis, P. morganii, P. rettgeri, P. 
vulgaris, and P. inconstans.    Ewlng has placed E. inconstans into a 
second genus, Providencia with two species: Pro v. alcalifaciens and 
Prov. Stuart 11.   The former species has been divided into four blo- 
groups and the latter into two blogroups.   These organisms are prime 
causative agents in urinary tract Infection and are often Implicated in 
nosacomlal outbreaks.    In addition, several of these species are highly 
resistant to a wide variety of antibiotics.   Correct identification of 
these organisms is therefore extremely important for epidemiological 
purposes, as well as for treatment purposes.   Extensive DNA relatedness 
studies indicate the following: 

1. Proteus and Providencia species exhibit 8-15/K relatedness to 
other genera of enteric bacteria.    The sole exception is P. morganil 
which Is 20-25% related to other enterics.   The percentage of guanlne 
+ cytosine in P. morganil is 50%; that of other proteii is 38-42$ and 
that of other enteric bacteria is 50-58/S.   Therefore it is not surpris- 
ing that P. morsanil exhibits higher relatedness to other genera of 
enterics. 

2. All P. morganil strains fom one relatedness group.    They are 
distantly related to other proteii. 

3. P. mirabilis strains form one relatedness group.   They are about 
505? related to P. vulgaris and 25% or less related to other proteii 

4. P. vulgaris strains form two relatedness groups.   They are both 
about 50% related to P. mirabilis and 10-25!? related to other proteii. 

5. P. rettgeri strains form three relatedness groups.    Two of them 
are 30-50? related to Providencia species and 15-20^ related to Proteus 
species.   The third group is inseparable from Providencia blogroups 4, 
5, and 6 (see below). 

6. Providencia alcallfH^-ens blogroups 1 and 2 form one relatedness 
group which Is 15-10% ve\.\\(\\ to other proteii. 

7. Provldnu 1 illfaclens blogroup 3 strains form one relatedness 
group WKT'TVTH no{  Mghly related to other proteii. 

8. Providencia alcalifaciens blogroup 4, Providencia Stuart 11 blo- 
givups 5 and 6, and one of the relatedness groups of Proteus rettgeri 
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are all part of one relatedness group.   The Provldencia alcallfactens 
blogroup 4 strains will probably become part of Prov. Stuart 11.   Further 
study Is necessary to deteimlne the proper status of the Proteus rett- 
gerl strains. 

Reference system for Identification of clinical Isolates.   These data 
are being used to develop a system of clinical Identification of bio- 
chemically atypical bactcri?.   Thus far we have Identified the following 
relatedness (or hybrlölzatlon) groups in enteric bacteria (a relatedness 
group may be defined as a group of bacteria that are distinguishable 
from all other organisms based on DNA relatedness group Is usually 80$ 
or higher): 

1. 

2. 

3. 
4. 

5. 
6. 

7. 
8. 

9. 
10. 

11. 

12. 

13. 
Ik. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

E. coll, Shlgella species 

Edwardslella tarda 

Salmonella species 

Arizona hlnshawll 

Cltrobacter freundll 

Cltrobacter freundll HpS", 

Cltrobacter dlversus 

Ind , KCN 

KLebslella species 

Enterobacter aerogenes 

Enterobacter cloacae, unplgnented 

Enterobacter cloacae, yellow plgnent 

Enterobacter hafhlae 

Enterobacter agglomerans - 4-8 groups 

Serratla marcescens 

Serratla llqulfaclens 

Serratla rubldaea 

lys , H^S", "Cltrobacter-llke" organisms 

Red mouth bacteria 

Erwlnla dlssolvens and Erwlnla nlmlpressuralls 

P. mlrabllls 

P. vulgarly - 2 subgroups 

P. morganll 
P. rettgerl - 2 subgroups 

P. rettgerl, P. alcallfaclens blogroup, 4, P. Stuart 11 blogroups 
5 and 6 " 
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25.   P. alcalifaclens blogroups 1 and 2 

26-30.   Erwlida species 
31-36.   Pectobacterlum species. 

Those vrtio use DNA reassoclatlon are often asked whether the system 
can be used routinely for clinical purposes.   The answer was always "no" 
because of the time Involved and due to technical considerations. 
Among the Enterobacteriaceae we can Identify any organism thus far tested 
as to genus, and almost every organism as to species, solely on the basis 
of DNA relatedness.    It now takes us 7-10 days to carefully characterize 
an organism.   We have modified our system to a point where most Identifi- 
cations can be completed within 48-72 hrs.   The major modifications are: 
a) rapid and sluplified isolation and purification of DNA; 2) separation 
of reassociated fron unreacted WA using a single-strand ENA specific 
nuclease; and Q) preparation of labeled reference DNAs from representa- 
tive Ehterobacteriaceae. 

In the absence of biochemical and serologlcal data virtually all 
organisms can be identified as to genus (see list of relatedness groups 
above).    In many cases species or even blotype designations are obtain- 
able.    In conjunction with biochemical data almost every organism is 
identifiable at the species level.    The inclusion of biochemical data 
also allows many genera to be ruled out and therefore diminishes the 
number of DNA relatedness reactions necessary to identify an organism. 
Ideally this method allows the larger clinical laboratories to identify 
organisms not readily Identifiable by biochemical tests.    It also enables 
reference laboratories to readily identify most atypical strains.    Further- 
more, DNA relatedness provides a rapid and sensitive method for deter- 
mining the taxonomic status of newly isolated strains. 

7.    Studies on the binding of 5i3-diphenylhydantoin to nucleic acids. 

The binding of 5,5-diphenylhydantoin (DPH) to nucleic acids (rat 
brain, rat liver, Torula RM, E. coll tRNA; calf thymus and E. coll DNA) 
was studied using UV spectroscopy, gel chromatography, and thermal trans- 
ition procedures.    Utilizing ? variety of experimental conditions, it 
was found that DIH did not bind to nucleic acids in vitro as previously 
reported.   No evidence of DPH inter-calation with DNA was noted during 
thermal transition studies.    DPH did not interfere with DNA reassoclatlon. 
Further studies into the nature of the in vivo subcellular- distribution 
of l^C-DPH in rat brain revealed accunulation of the drug primarily in 
the soluble fractions of brain, with the nuclear fraction and microsomes 
demonstrating the greatest particular association at 2 and 12 hrs, 
respectively.    This association with particulate fractions was not 
obsen-ed after Sephadex G-25 column chromatography.    An hypothesis 
relatlig DPH binding to nucleic acids or brain subcellular fractions as 
a possible biochemical mechanism of action of the drug appears unlikely 
on the basis of the results obtained from this investigation. 
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8. Uptake of catecholamlnes by brain synaptosomes from opiate-treated 
rats. 

The acute administration of morphine has been reported to result In 
changes in brain catecholamine metabolism, producing a decrease In the 
level of noradrenallne In whole brain and In hypothalamus. Nbrphine was 
reported to Increase the in vivo biosynthesis of catecholamlnes from 
[l^C] tyroslne. Also, a morphine-induced increase in the in vivo bio- 
synthesis nf dopamlne and noreplnephrine (NE) from [-^C] tyroslne which 
was antagonized by naloxone has been reported. 

Uptake of [3H] dihydromorphine by rat brain wat, demonstrated in 
vitro by synaptosones. This uptake was inhibited by narcotic antagonists. 
When adult rat brain homogenates were incubated with [3H] nr: ddrenallne, 
most of the radloactivty was localized in the synaptosomal traction. 

In a recent study the inhibition of the in vitro synaptosomal uptake 
of NE by morphine, methadone, thebaine, and cocaine was demonstrated. 
The present study shove the in vivo effects of acute narcotic drug admin- 
istration on the in vitro uptake of NE by synaptosones. 

After 10 mg kg"1 of heroin, the mean uptake of 3H-NE was 75-84? of 
the control values in the hypothalamic synaptosones. Morphine at 50 mg 
kg-1 did not change 3H-NE uptake by hypothalamic synaptosomes. Both 
heroin and morphine inhibited in vitro 3H-NE uptake by whole brain 
synaptosones. At 10 mg kg-1 oFlieroin, the uptake was 65-77? of the 
control values. At 50 mg kg-1 of morphine, the uptake was 75-87? of the 
control values. 

These experiments indicate a differential inhibitory in vivo effect 
of heroin compared to morphine on the in vitro synaptosomal ^H-NE up- 
take when the opiates were administered in comparable pharmacological 
dosages. 

9. Stimulation of in vivo incorporation of -^C-Z-glucose into free 
amlno acids of rat brain during 5,5-dlphenylhydantoin treatment. 

In vivo administration of 5,5-diphenylhydantoin (DPH) at dosages of 
80 mgTkg and 30 mg/kg for 14 days increased the in vivo incorporation or 
^C-2-glucose into free amino acids of rat brain. DPH-treated and control 
animals were sacrificed 3 hrs after the I.P. administration of 30 yd of 
14c-2-glucose and the free amino acids of serum, liver, and brain were 
determined by cation exchange chronatography (vWg wet tissue; uM/lOO ml 
serum; cpm/uM). DPH stimulated glucose incorporation into aspartic acid, 
glutamlne, glutamic acid, and GA^A of brain. These results were not 
reflected by similar changes in serum or liver free amlno acids. When 
the DPH groups are compared to each other, a dose-response effect was 
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noted. DPH at 80 mgAg produced a 10? (aspartlc acid), 23? (glutamine), 
28? (GABA), and ^3%  (glutamlc acid) Increase in incorporation over that 
noted in animals receiving 30 mg/kg. This effect of DPH on glucose in- 
corporation into free amino acids of brain may be related to the known 
and postulated effects of DPH on amino acid transport/metabolism, menn 
brane transport phenomena, and ion fluxes. 

249 

'—-"-r- -..-.-.^■■.— -,l...^. '  ■-   J  ■■■! ■ "^1  * I 
  



pHWWyWBWW JWpjMipWWpWWWPWWWWl''''1^ "■ i1.i^^"-WTg|;WVW"IH'''*''Ml^!^/'.^m*g^.wwM|iw,MV.^w^^^ •,»»WI
IWU."4!|».P(  i-^^^^r 

Project 3A161102B71P BASIC FESEARCH IN SUPPORT OF MILITARY MEDICINE 

Task 01 Biomedical Sciences 

Work Unit 075  Ketabolic problemn aasoclated with disease and 
injury 

Literature Cited. 

Publications: 

1. Brenner, D. J.: DNA reassoclatlon for the clinical differenti- 
ation of enteric bacteria. Int. Cong. Bacterlol. Abs., Jerusalem, 
Israel, 1973. 

2. Brenner, D. J., Fanning, G. R., Klykken, P. C, and Stelgerwalt, 
A. G.: DNA relatedness In Proteus and Provldencla. Bact. Proc. 74: 
30, 197^. 

3. Brenner, D. J., Stelgerwalt, A. G., and Fanning, G. R.: DNA 
reassoclatlon for clinical differentiation of enteric bacteria. Bact. 
Proc. 74: 131, 1974. 

4. Crosa, J., Brenner, D. J., and Falkow, S.: The use of a single 
strand-specIf 1c nuclease for the analysis of bacterial and plasmld DNA 
homo- and heteroduplexes. J. Bacterlol. 115: 904-911, 1973. 

5. Bonner, T. I., Brenner, D. J., Neufeld, B. R., and Britten, 
R, J.: Reduction In the rate of DNA reassoclatlon by sequence diverg- 
ence. J. Mol. Blol. 81: 123-135, 1974. 

6. Brenner, D. J.: DNA reassoclatlon In the taxonomy of enteric 
bacteria. Int. J. Syst. Bacterlol. 23: 298-307, 1973. 

7. Foumler, M. J., Brenner, D. J., and Doctor, B. P.: The Isola- 
tion of genes: A review of advances made in the enrichment, isolation 
and in vitro synthesis of specific cistrons. In Prog. Mol. and Subcell. 
Blol., Vol. 3, F. Hahn Ed., Springer Verlag Publ. Co., pp. 14-84, 1973. 

8. Brenner, D. J.: DNA relatedness in Enterobacteriaceae. In 
McGraw Yearbook of Science and Technology 1973. D. N. Lcoedes, Ed., 
pp. 173-174, 1974. 

9. Doctor, B. P., Brenner, D. J., and Miller, W. L.: Isolation of 
transfer ribonucleic acid cistrons and 5s ribonucleic acid cistrons 
fron Escherlchia coll. In Methods in Enzymology, Vol. 29, L. Grossman 
and K. Moldave, Eds., Academic Press, N.Y., pp. 419-431, 1974. 

250 

iia^^^wtw^.    .... »-^.■■.,..,.. . ...;..„.,.»■  ■..    '1 irimmil«Mii>."fimi 



wmm U I. wwiu ■Hi mm m 

10. Sodd, M. A. and Doctor, B. P.: Nucleotlde sequences of transfer 
RNAs. In Methods In Enzymology, Vol. 29, Academic Press, N.Y., pp. 7^1- 
756, 197^. 

11. Boykln, M. E. and Martin, R. E.: Prellmlriary observations on 
the uptake of catecholamlnes in synaptosones of opiate-treated animals. 
J. Pharm. Pharmacol. 25: ^84-485, 1973. 

12. Miller, W. L., Brenner, D. J., Sodd, M. A., Levri, E. A., 
Douglas-Jones, L., and Doctor, B. P.: Enrichment of tRNA cistrons from 
E. coll using antibody affinity chromatography. ABSC Fed. Proc. 33: 
1280, 197^. 

13. Brenner, D. J., Panning, G. R., and Steigerwalt, A. G.: Deoxy- 
ribonucleic acid relatedness among erwiniae and other Enterobacterlaceae: 
The gall, wilt, and dry-necrosis organisms (genus Erwinia Winslow et al., 
sensu stricto). Int. J. Syst. Bacteriol. 24: 197-204, 1974. 

14. Brenner, D. J., Panning, G. R., and Steigerwalt, A. G.: Poly- 
nucleotide sequence relatedness in Edwardsiella tarda. Int. J. Syst. 
Bacteriol. 24: 186-190, 1974. 

15. Brenner, D. J.: DNA relatedness in newly described and bio- 
chemically atypical enteric bacteria. Enterobacterlaceae Roundtable. 
75th Meeting, American Society for Microbiology, Chicago, IL, 1974. 

251 

-IMlMMlMi tttBUHUitfauU 



MI   iiiiiumMnmninpippiin ™!m™>w*^r*m~m*m ^—^-^r^-. 
WSJfflpi.uiwVWJW' g11n11p.ui14p.1111.- ,11,. ■■% 

OATtOfiM5«IY* 

7k QT 01, 
RESEARCH AND TECNHOLOCY WORK UNIT SUMMARY 

DA  OR  fykhü 
iff* 

HMPOBT COHTKOL BWMBOL 

DDDR*E(AH}636 

%. CMTI PMtV luifnv 

7^ 07  Ql 

4. KINO OF SUMMARV 

P.   Chance 

i. HJiMAnv icrr L WORK HCUMTr 

u 
r. ACMAOIH 

NA 

« OMm MtTII*H 

NL 

iC fPICIPIC DATA- 
CONTMACTOR ACCtU 

Qi Dm 

I. Livic or SUM 

*. «OMUMT 

10. NO./COD«:* PttOORAM KLIMCNT PNOJICT NUMNCN TAW AKCA NUMBtN WORK UNIT NUMBER 

Ml 61102k 3A16U02B71P 01 
*. COHTMRUTIMO 

°mmm PAW? uhi üüüi 
II. TITLI (W—t* vf* l*«-rtlF CtaMfltMll«! C***}* 

U) Basic Pharmacological Studies 
»1. ICICNTiriC AND TICHHOLOaiCAt ARIAf* ^^ 

012600 Pharmacology 
IHTAHTBW  Ili IITMATID COMPLITION OATI 

CONT 

15 fUMDIHO AOCHCV 

DA      I 

It. MRfOMIAM:! MTHOD 

C.   In-House 68 07 
W. CONTRACT/ORANT 

A DATtl/irFICTIWK; 

b. HUMRER:* 

t TVFI; 

A KINO Or AVANO: 

tt. RMOURCVB SSTIHATI A RROrKMIONA RS       fc rUNDtfW* tmimmtm) 

NA IXRIRATIOH: 

4 AMOUNT: 

f. CUM.  AMT. 

lh 1.0 

75 1.0 

337 

337 
a». PcnroMiiHooiioANJiATiOM I 

„,.«,. Walter Reed Army Institute of Research 
Div of Medicinal Chemistry 
• Washington, DC 20012 

PHIHCIPAl. IMVISTIOATOft frMMfaA UAH H V.t.   '.catfMlc liwilMitf*^ 

«Ai.i:«Heiffer,  Dr.   M.  H. 
Tivinuw« 202-576-3389 
SOCIAL ttCuniTr ACCOUNT WUMSCA    

AUOCIAT1 IHVItTIOATOilt 

«A«. Rozman,  Dr.   R.  S. 
•A«, Miner,  LTC,  L.  C. DA 

I». MtPOMtlW.1 DODOnOANIZATION I 

«A«;»Walter Reed Amy Institute of Research 

Washington, DC 20012 

nUPOHtlBLC INDIVIDUAL 

■MW Buescher, COL E. L. 
T.L.PNON.: 202-576-3551 

II. OCNINAL OIL 

Foreign intelligence not  considered 

(li) Pharmacology;   (U) Medicinals;   (u)  Drugs;   (U) Secretion;   (U) Toxicity 
II. TCCNNICAL ODJICTIVC *  IA APNNOACN,    II.  PIIOORIU (ttmul* !«*.(*.•( ßfflf ItfMlfH.« *r " '   Pi*t»4» >.at *t «MA vl» «.cwftf» ClM.I'caliAN C—.f 

23. (U) Research is directed toward investigating special areas of the pharmacology of 
potential drugs of military importance, their interactions, their mechanisms of action, 
and the development, characterization and improvement of animal models for defining 
specific applicable parameters. 

?4. (U) Drugs are tested in animal models specifically designed to pinpoint mechanisms 
of phL.rmacological effects, effects on both physiological and drug secretion, and 
effects on protozoan systems.  In vitro models are being used to correlate bioavaila- 
bility with pharmacological efficacy. 

25. (U) 73 07 - 74 06 The cardiovascular effects of WR 181,023 were found to be consis- 
tent with beta-adrenergic antagonism; isolated uterine segments are being used to 
elucidate this blocking action. Wide variations in disaggregation and dispersion of 
clinical dosage forms of experimental drugs have been correlated with clinical response. 
The choroid plexus preparation of the cat lateral ventricle is being used to study drug 
effects on plasma:cerebrospinal fluid fluxes of sodium and potassium.  WR 33,063 effects 
on chloroquine-induced pigment clumping in f\ berghei were modified by microsomal 
enzyme inhibitors.  The change in clumping has been used to demonstrate bioavailability 
of experimental drugs in mice. For technical report see Walter Reed Army Institute of 
Research Annual Progress Report, 1 Jul 73 - 30 Jun 74. 
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Work Unit 076 Basic pharmacological studies 

Investigators. 
Principal: 
Associate: 

1.  Description. 

Melvin H. Heiffer, Ph.D. 
ETC L. Miner, Dr. R. Rozman, CPT H. Ellis, III, 
Dr. A. Einheber, CPT D. Foley, D. Palmer 

The basic research efforts of the department are directed to 
investigating:  the pharmacology of promising medicinal agents; bio- 
logical responses to toxic substances; drug interactions with and the 
nature of adrenergic receptors; and the development of new or modifi- 
cation of existing techniques to characterize drug effects. 

Appropriate pharmacological, physiological, biochemical and 
electrophysiological studies are conducted in vivo and in_ vitro. 
These studies encompass the acute and subecute responses to potential 
drugs and their interaction with standard pharmacological and physio- 
logical agents. An important feature is ready access to the vast 
inventory of serially related and diverse chemicals which can be used 
in detailed studies of the nature of drug interactions with biological 
systems. 

2. Autonomie nervous system pharmacology. 

Studies on elucidating autonomic nervous system action are in pro- 
gress on one potential IND drug, WR 181,023. 

While delineating the cardiovascular effects of 8-aminoquinolines, 
it was observed that WR 181,023 abolished the bleed pressure response 
to isoproterenol.  This suggested the possibility that WR 181,023 may 
possess beta-adrenergic blocking properties.  Studies have therefore 
been initiated using the in_ vitro isolated tissue technique reported 
by Levy and Tozzi (1963).  This method consists of suspending rat 
uterine segments in Locke's solution within a constant temperature 
water bath at 370C, with spontaneous motility recorded by means of a 
force displacement transducer.  Epinephrine, isoproterennl and 
carbachol are the principal agonists used and are allowed to act for 3 
min prior to flushing.  Results indicate that this procedure will be 
successful in further elucidating the nature and mechanism of the 
beta-adrenergic antagonist actions of WR 181,023. 
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3.  Disaggregation and dispersion of experimental drugs. 

Although capsules, in possible contrast to tablets, are often 
assumed to be free of disaggregation problems, hydrophobic materials 
may interfere with the process.  This can lead f decreased bioavail- 
ability of orally administered drugs.  Since ma ly of our drugs are 
hydrophobic, the distinct possibility exists tl at the physical proper1- 
ties of the formulated drug product may be par^. of thy observed pro- 
blem of drug failure.  Thus studies of the disaggregation and disper- 
sion of various dosage forms begun in FY 73 have been continued, with 
attention directed primarily toward newly developed dosage forms and 
compounds.  Except when specified otherwise, the method used remains 
the USP tablet disintegration test, without discs, in simulated 
gastric fluid at 370C. 

a. Tablets: 

New sulfadiazine tablets (placebo, 50, 250 and 500 mg sizes) 
were tested with discs.  The 250 mg tablets required 12 min to 
disintegrate, but the others disintegrated within 5 min. These 
results comply with USP requirements. 

b. Capsules: 

The effect of drug-excipient ratios was studied in two com- 
pounds. Placebo capsules of WR 158,122 disaggregated in 8 min.  Two 
lots of 25 mg capsules (7.6% drug) were 90% disaggregated in 90 min; 
the remaining small chunks disaggregated very slowly.  Fifty mg 
capsules (14.8% drug) were 90% disaggregated only after 5 hr of 
agitation.  Similarly, placebo capsules of WR 159,412 disaggregated 
within 3.5 min and 5 mg capsules (1.4% drug) in 4 min.  The 2 5 mg 
capsules (6.8% drug) required 7 min and the 50 mg capsules (11.4% drug) 
were only 80% disaggregated after 4 hr.  One interpretation of these 
data is that the drug acts as a binder of the excipients. 

When one clinical contractor reported that 250 mg capsules of 
WR 142,490 appeared much less effective than comparable doses of a 
50 mg capsule, various preparations of this drug were examined.  Both 
the placebo and 50 mg capsules (13.3% drug) disaggregated within 5 to 
10 min.  When the 250 mg capsules (44.2% drug) were tested, the gela- 
tin readily dissolved, but the capsule masses remained for at least 6 
hr.  By that time, a few very small pieces had abraded off, but at 
least 95% of each capsule mass remained in its original size and shape. 
When these were removed and air dried, the mass hardened, becoming 
brittle.  When snapped open, the outer 2-3 mm were seen to be stained 
pink (by the dye in the gelatin) and cemented together; the interior 
remained an easily poured powder.  In response to these observations, 
tablets containing 250 mg of WR 142,490 (44.5% drug) and 2.8 mg (0.5%) 
of the nonionic surfactant Pluronic LiOl were developed.  These 
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disintegrated within 10 min (with discs), and are reported to be 
clinically very effective. These results imply that a surfactant can 
be valuable excipient with refractory compounds such as many of our 
experimental antimalaria.ls. 

The effect of excipients was investigated further with WR 171,669 
capsules.  In the original formulations the main diluent was micro- 
crystalline cellulose (Avicel (2)).  Both the placebos (68.9% cellu- 
lose) and the 60 mg capsules (17.1% drug, 57.1% cellulose) disinte- 
grated slowly:  about 80% in 60 min, the remainder over several more 
hr.  In tablet formulations microcrystalline cellulose is very effec- 
tive as a disintegrant.  It is evident that it is less effective in 
these non-compressed capsule fills.  When a larger capsule dosage was 
requested, the formulation contractc  developed a 250 mg capsule 
(71.9% drug) containing only the surfactant Pluronic L101 (2.2%) and 
corn starch (an excellent tablet d'sintegrant) as excipients.  These 
capsules disaggregated within 8 min. 

From the above data, and that produced earlier, one can conclude 
the following:  there is a significant possibility of producing 
dosage forms of WRAIR investigational antimalarials with poor bioavail- 
ability properties; and proper formulation, particularly using sur- 
factants, may be able to alleviate the difficulties. 

4.  Choroid plexus preparation for cerebrospinal fluid studies in the 
cat. 

a.  Background: 

It is well known that the electrolyte composition of the cere- 
brospinal fluid is of paramount importance to normal neuronal activity 
within the brain.  There is evidence that the electrolyte composition 
of the cerebrospinal fluid is determined primarily at the time of 
formation and that most of the fluid is formed by secretion at the 
choroid plexus, the membranes of which separate the plasma from the 
fluid in the four ventricles of the brain.  In addition to its 
secretory role, the choroid plexus forms the blood-cerebrospinal 
barrier which is part of the blood-brain barrier.  The choroid plexus 
thus plays a vital role in regulating the composition of the cerebro- 
spinal fluid, thereby maintaining the proper milieu Interieur for the 
brain by means of specialized transport processes across the choroidal 
epithelium.  In studying the neuropharmacology of experimental drugs 
it is appropriate to investigate the formation and comoosition of the 
cerebrospinal fluid Dy the choroid plexus. 

Inasmuch as Na1- and K+ are the electrolytes primarily responsible 
for the generation and propagatic i of nerve action potentials, the 
objective of the present study is to investigate the transport mechan- 
isms responsible for the movement of Na+ and K+ across the epithelial 
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cells of the  intact  choroid plexus.     It has been suggested  (Bradbury 
and Davson,  1965)  that  the poisoning of the Na+ -  K+ pumps of brain 
cells allows  a leak of intracellular K+ across  the ependymal cells 
lining the ventricles.     It has also been postulated that  K+ transport 
is linked to the  influx of Na+ and that  it might be located at the 
choroid plexus and/or the blood-brain barrier  (Bradbury and Stulcova, 
1970).     Based on previous  studies  (Miner and Reed,  1971)  one would 
expect  a decrease of 15 to  30% in the rate of movement of Na"1- and/or 
K+ across  the  choroid plexus  as a result of addition of a known trans- 
port  inhibitor (oubain)  to the terebrospinal fluid.     This  study was 
designed to help clarify the primary anatomical site of Na+ - K+ 

exchange between plasma and the cerebrospinal  fluid as well as further 
elucidating the underlying mechanisms  involved. 

As  a model for conducting transport  studies  in the  central 
nervous system,  a method was  employed which involves the  in situ 
isolation of the choroid plexus in the lateral ventricle of the cat. 
This  technique makes  it  possible not only to study the movement of a 
drug between  the plasma and the cerebrospinal  fluid across the 
cuboidal cells of the  choroid plexus without  the modifying influence 
of surrounding neural tissues, but also to control experimentally the 
concentrations of electrolytes and pharmacologic agents  on the cerebro- 
sp'nal fluid side of the choroid plexus.     The technique thus makes  it 
possible to conduct definitive studies of the  transport  systems  in the 
choroid plexus responsible  for cerebrospinal  formation and for removal 
of substances  from the  cerebrospinal fluid as well as modifications of 
their responses to various  pharmacological agents. 

b.     Methods: 

This method involves the surgical implantation of a plexiglass 
chamber consisting of two parts, a concave base which forms the bottom 
of the chamber and a top which rests on the base and forms the wall. 
The base has a handle to permit clamping it to the micromanipulator 
during implantation.  Cats anesthetized with sodium pentobarbital were 
used as experimental animals.  The primary operative procedures 
consisted of an extensive bilateral craniotomy performed by rongeur, 
removal of the cerebral cortex overlying the left ventricle, and 
exposure of the choroid plexus within the lateral ventricle. The 
choroid plexus was then reflected posteromedially over the lateral 
aspect of the thalamus and an appropriate segment separated from its 
underlying connective tissue attachments.  The chamber base was lowered 
into position adjacent to the segment of free choroidal tissue which 
was gently teased into the grooves on the upper edge of the chamber 
base and allowed to settle to the bottom.  The isolation was completed 
by placing the chamber wall on the base and attaching it with tissue 
adhesive.  The chamber was stabilized in position by filling the entire 
space surrounding it with white petrolatum which had been warmed to a 
semi-solid consistency.  The tissue in the bottom of the chamber was 
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.J covered with mineral oil to avoid contact with air and then cerebro- 
spinal fluid was allowed to accumulate in the chamber. Chamber fluid 
was sampled with a glass micropipette positioned inside the chamber 
with the aid of a micromanipulator and the operating microscope. 

The rate of formation of fluid by the isolated choroidal tissue 
was determined by measuring the rate of fluid accumulation in the 
chamber and dividing this value by the weight of the choroid plexus 
tissue in the chamber at the end of the experiment. 

Results and discussion: 

Experiments were performed to determined the feasibility of 
studying the fluxes of Na+ and K+ across the choroidal cells between 
plasma and cerebrospinal fluid by experimentally altering the K+ con- 
centrations in the plasma.  Hyperkalemia wa.s induced by an intravenous 
infusion of 0.15 M KC1 at 0.16 mg/kg/min.  Hypokalemia was subse- 
quently induced in the same animal by a coirxdnation of a 10% glucose: 
1 unit/ml insulin intravenous infusion and introduction into the 
rectum of K+ cation exchange resin (Kayexolate Qy ^•  Control samples 
of plasma taken prior to treatment contained 3.4 mequiv/1 of K+ and 
146.5 mequiv/1 of Na+.  These values agree well with normal controls 
in other similar experiments. After treatment to induce hyperkalemia, 
the plasma contained 4.8 mequiv/1 of K+ and after treatment to induce 
systemic hypokalemia, the plasma was found to contain 1.7 mequiv/1 of 
K+. Hence the results thus far are encouraging and suggest that it is 
feasible to use these methods and procedures to study the fluxes of 
Na+ and K+ between the plasma and cerebrospinal fluid across the 
choroidal epithelium. 

5. Morphologic changes in Plasmodium berghei after oral administra- 
tion of antimalarials to malarious mice. 

a.  Inhibition of chloroquine-induced pigment clumping: 

Inhibition of chloroquine-induced pigment clumping (CIPC) 
after oral administration of certain antimalarials (quinolinemethanols 
and phenanthrenemethanols) has been further explored by phase-contrast 
microscopy of unstained thin blood smears from P_. berghei-infected 
mice.  The following agents were reported last year and were all found 
to have a direct effect on the parasite morphology within 60 min after 
oral administration:  WR 142,490 AE, 20 mg/kg (partial inhibition of 
CIPC 30 min after chloroquine [CQ]);WR 171,669 AC, 20 mg/kg (complete 
inhibition of CIPC 30 min after CQ); and quinine HCl^H-O, 200 mg/kg 
(partial inhibition of CIPC 30 min after CQ).  The inhibitory patterns 
of these, as well as of WR 30,090 AJ, 80 mg/kg or 10 mg/kg and 
WR 33,063 AN, 80, 160 or 640 mg/kg, were followed for 6 hr after CQ. 
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b.  Retarding influence of SKF 525-Ä pretreatment on the CIPC- 
inhibitory effect of WR 33,063: 

Several variations on WR 33,063 effects in this ClPC-inhibi- 
tory system were examined.  For example, SKF 525-A pretreatment (50 
mg/kg i.p. in saline) 60 min before WR 33,063 AN, 80 mg/kg, p.o., in 
our CIPC-inhibitory system produced a retardation of the inhibitory 
effect of WR 33,063.  Blood films examined at intervals after CQ 
revealed that SKF 525-A pretreatment retarded development of the 
pattern produced by WR 33,063 alone except at 6 hr after CQ.  By that 
time, the proportion of pigment types had equalized for both groups. 
When the course of infection in these groups was followed, there was 
a trend toward prolonged survival and greater parasitemia suppression 
in the WR 33,063 group pretreated with SKF 525-A. 

c. Comparative CIPC-inhibitory properties (bioavailability 
comparison) of two preparations of WR 33,063: 

The Roche formulation of WR 33,053 (Ro 21-2427/001) was 
tested against WR 33,063 AN, both given p.o., at a dose of 80 mg/kg, 
for CIPC-inhibitory properties.  There appeared to be a greater 
inhibition of type 2 pigment formation (granulation) 30 min after CQ 
by the Roche formulation in comparison with the AN lot in MCT (methyl- 
cellulose 0.2% and Tween 80 0.4% in 0.9% saline), but no outstanding 
difference was detected.  No difference in extension of survival time 
was seen, but there was a trend toward greater parasitemia suppression 
by the Roche formulation on Day 10 of infection. 

d.  Reversal of CIPC: 

In following the patterns of these agents to 6 hr after CQ, 
those of WR 33,063 yielded a surprising apparent breakdown of already 
formed pigment clumps (reversal of CIPC) with time.  This led us to 
give a variety of CIPC-inhibitory agents by gavage 80 min after CQ. 
At this time, pigment clumps usually comprise 100% of the pigment 
types seen. With the following agents tested in this system we were 
able to demonstrate a direct effect on parasite morphology (viz., by 
the onset of reversal) within 30 min after oral administration of the 
agent:  WR 142,490 AE, 20 mg/kg; WR 171,669 AC, 20 mg/kg; WR 30,090 
AJ, 80 mg/kg; WR 33,063 AN, 640 mg/kg; and quinine HC1'2H20, 200 mg/ 
kg.  Quinine was unique in its patterns, both of CIPC inhibition and 
reversal.  Both the inhibiting and the reversing effects of quinine 
diminished by 6 hr after administration of quinine such that CIPC 
reasserted itself.  This may reflect the rapid elimination of the 
form active in CIPC inhibition and reversal, and is consonant with 
quinine's known extensive metabolism and rapid excretion.  None of 
the other agents demonstrated this diminution. 
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e. WR 30,090-induced reversal of CIPC in previously uninfected 
mice hypertransfused with CIPC donor blood: 

CIPC blood (1.5 ml) from donor mice (exsanguinated 80 min 
post-CQ, 40 mg/kg, i.p.) was hypertransfused into the tail vein of 
uninfected mice.  Upon challenge with WR 30,090 AJ, 80 mg/kg, p.o., 
CIPC reversal was noted at a time (60 min after WR 30,090) when no 
reversal was seen in control CIPC-hypertransfused recipients not 
receiving WR 30,090.  Interestingly, these latter controls did demon- 
strate a smaller, but nonetheless distinct, reversal of CIPC by 6 hr 
after vehicle alone.  This "spontaneous" reversal may indicate that a 
certain CQ concentration in blood is needed for maintenance of pigment 
clumps, a concentration affected by the experimental procedure. 
However, if the situation in CIPC hypertransfused, previously uninfec- 
ted receipient mice reflects the situation in infected CIPC mice, our 
results strongly suggest that CIPC reversal represents an actual 
breakdown of pigment clumps in infected CIPC mice. This would be in 
contrast to a drug-induced entry into the circulation of pigmented 
but non-CIPC parasites which may have previously been sequestered in 
infected mouse tissues. 

f. Course of chloroquine-induced depigmentation: 

The loss of pigment with time after CQ (40 mg/kg, i.p.) was 
also investigated by examining Giemsa-stained parasites in which pig- 
ment was also clearly discernible.  Such depigmentation after CQ had 
been previously reported, but not quantitated. At the beginning of 
the experiment, about half of the parasites possessed pigment. 
Throughout the sampling intervals to 6 hr after CQ a progressive 
decline in the percentage of parasites with pigment was noted, until 
at 5 hr after CQ t'lis percentage had been approximately halved.  In a 
control group receiving CQ's vehicle (water) only, the percentage of 
pigmented parasites showed a slight increase. 

g. Lack of temporal association between onset of WR 30,090- 
induced CIPC reversal and course of depigmentation: 

In view of the possibility that reversal might reflect an 
acceleration by the reversing agent of depigmentation due to CQ, (i.e. 
that the loss of pigment clumps after CQ might be preceded by their 
breakdown)we quantitated depigmentation at the various sampling 
intervals during a CIPC reversal regimen.  WR 30,090 AJ, 60 mg/kg 
p.o., when given after CQ's vehicle (water), ultimately resulted in 
about 10% reduction in the proportion of pigmented parasites by 6 hr 
after WR 30,090.  When WR 30,090 was given after CQ, we found by 6 hr 
after CQ a depigmentation intermediate between that of CQ "alone" and 
WR 30,090 "alone."  At the intervals when CIPC reversal was clearly 
proceeding, we did not see an increased depigmentation in groups 
receiving CQ followed by WR 30,090 when compared with groups receiving 
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CQ followed by control vehicle.  Thus, we were able to detect no 
enhai. -ement of depigmentation by WR 30,090 when given after CQ, at 
times when reversal was in process. 
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transmission of the virus in nature as a means of virus survival over winter.  Also, 63 
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temperatures thin its sympatrlc counterpart, Culex salinarius. For technical reports 
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Project 3A161102B71P    BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE 

Task 03 Human Ecology 

Work Unit 035    Ecology and control of disease vectors and reservoirs 

Investigators 
Principle: LTC Bruce F. Eldridge, MSC 
Associate: Ronald A. Ward, Ph.D.; MAJ John F. Reinert, MSC; 

CPT Bruce A. Harrison, MSC;  CPT Jay Abercrombie, MSC; 
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William Suyemoto, B.S.; Leroy BVLI, B.S.; David E. 
Hayes, DAC; Talmadge Neal,  B.S.; SSG Timothy C. Pugh; 
SP5 Michael D.  Johnson; SP4 Michael E. Ferriss 

Description 

This task involves field and laboratory studies of the relationship 
between selected arthropods and various aspects of their natural environ- 
ment,  especially those aspects relating to certain pathogenic organisms, 
their hosts,  and their reservoirs.     Included are ecological and physio- 
logical studies on arthropods,  studies of transmission mechanisms and the 
development of Improved methods of control of arthropod of medical im- 
portance. 

Progress 

1. Ecology of arboviruses in the eastern United States 

a. Introduction. A program to investigate the occurrence and 
ecology of California encephalitis group viruses (CE) was continued. 
Emphasis during the year was placed on elucidating details of the infec- 
tion and transmission process in Aedes atlanticus, the principle vector 
of Keystone subtype of CE, the principle subtype present in the area and on 
studying the bionomics of forest poo1 aedine mosquitoes likely to be 
Involved in the ecology of CE. At the beginning of the reporting period. 
several CE isolates had bet" made. Two of these isolates had been iden- 
tified as the Jamestown Canyon and Keystone subtypes. The remaining 
isolates from mosquitoes collected In 1971 had not been identified. 
Mosquitoes collected during 1972 had been pooled and identified, but 
processing for virus isolation was not yet done. Circumstantial evidence 
from the population curve of Aedes atlanticus collected during 1972 and 
the CE isolation rate suggested the occurrence of transovarial transmis- 
sion in nature. The obtaining of direct evidence of this wa& a major aim 
during this reporting period. Other studies dealt with the ecology of 
Aedes atlanticus, A. canadensls ,and Psorophora feroy, the 3 most abun- 
dant floodwater mosquito species in the area. This veport covers field 
and laboratory data accumulated since last year's annual progress report. 
Virological aspects of this program are reported under Project 3A061102B71Q, 
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Communicable Disease and Immunology, Work Unit 166, Viral Infections of 
Man.    For background of Che overall study and descriptions of the study 
areas,  see WRAIR annual progress reports for previous years and published 
reports. 

b. Light trap collections of mosquitoes.    Identification, 
pooling, and processing for virus isolation for all mosquitoes collected 
during 1972 was completed.    The number of 1972 mosquitoes collected, 
pooled and processed for virus isolation is shown in Table 1.    Of the 
mosquitoes collected during that year, only Aedes and Psorophora mosqui- 
toes were identified and pooled.    Mosquitoes in other genera were not 
sorted but were stored for possible future studies. 

During 1973,  light trapping was conducted fiom May through September, 
Light traps were operated weekly at night at 6 sices in and around the 
Pocomoke ^/press Swamp.    The sites trapped and the number of traps 
operated were as follows (site numbers refer to sites described in 
Saugstad, et al.   (1972)) s Site 2 (1),  Site 3 (1), Site 7 (3), Site 10  (4), 
and Site 11 (2).    Sites 2, 3, and 7 are within the swamp.    Sites 10 and 
11 are in upland forest.    Site 10 it adjacent to woodland pools which 
form the typical habitat for Aedes atlanticus.    Supplemental trapping 
was done during the period when A. atlanticus mosquitoes were emerging 
following heavy rains in August 1973 and continuing until mid-September. 
Light traps were operated during both a day cycle (0700-1800) and a 
night cycle (1800-0700) during the supplemental trapping period, and were 
placed in a triangular grid pattern to determine (1) diurnal vs nocturnal 
abundance of Aedes atlanticus and  (2)  dispersion of this species from 
breeding sites. 

Although Identification of 1973 trap catches is not yet complete, 
preliminary data from the traps for 2 days following emergence of 
A. atlanticus show that:   (1) Light traps from all sites operated during 
the day cycle have about 30% more A.  atlanticus per trap than those 
operated during the night cycle.    T2) Abundance of A. atlanticus females 
decreases rapidly away from the area immediately adjacent to known larval 
breeding sites.    Traps placed within 25 m. of breeding sites caught from 
2 to 4 times as many A. atlanticus per trap as did traps greater than 
100 m from such sites, suggesting that most A. atlanticus females do not 
travel far from their breeding sites in search of blood meals. 

c. Virus isolations from mosquitoes 

(1) Characterization of 1971 virus strains 

The final identification of the 1971 virus strains isolated from 
mosquitoes collected from the swamp is presenCed in Table 2,    ResulCs 
of chloroform senslClviCy tests and filtration experiment- are also 
presented In the table. Virus strains were identified by plaque reduc- 
tion neutralization testing (PRNT). A detailed discussion of testing 
techniques, antigens and antlsera used and the relationship of the 
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subtypes Isolated here when compared to the CE group as a whole Is 
presented under Work Unit 166. 

These data on fllterablllty and chloroform sensitivity of the 1971 
field strains establish these viruses as arbovlruses. The specific de- 
terminations of group and subtype complete the characterization of the 
1971 strains recovered. We considered It advisable to characterize 
these initial recoveries fully to assure the accuracy of our identifica- 
tions. However, the 1972 strains and all future strains recovered from 
these mosquito species will be directly identified by PRNT without fil- 
tration or chloroform sensitivity experiments. As noted in the table, 
with the exception of a single Jamestown Canyon subtype, all strains 
isolated in 1971 were Keystone subtype CE. The suspected third subtype 
referred to in last year's Annual Report was concluded to be variation 
within the Keystone subtypes recovered. 

(2) 1972 Virus recoveries and identifications 

The objective of the 1972 field collections was to test several 
ecologically distinct habitats in an effort to define an area of active 
CE transmission for future long term surveillance. This program was 
begun before the 1971 material had been processed, consequently at that 
time we had no knowledge of the existence of both Keystone and Jamestown 
Canyon subtypes of CE being actively transmitted in the swamp. 

In 1972, in addition to the swamp, studies were conducted in swamp 
and upland forest habitats adjacent to the Pocomoke River near Snow Hill, 
Md. , in Chincoteague National Wildlife Refuge, Assateague Island, Va. 
and at the Wallops Island NASA Station, Va. Both Assateague Island and 
Wallops Island NASA Station consist of salt marsh vegetation and mixed 
hardwood-coniferous forests. Freshwater swamps similar to the Pocomoke 
Cypress Swamp are not present at either of these sites. 

Adult mosquito collections were made intensively for a brief period 
during each of the warmer months at each of the sites sampled. Special 
day and nighttime collections were made in the swamp in 1972 during the 
emergence of A. atlantlcus adults. Adult nosquitoes were identified and 
pooled as described by earlier reports. Based on our previous failure to 
detect CE virus from numerous pools of Cullseta melanura and Culex 
sallnarlus mosquitoes tested, and the demonstrated association of CE 
virus with floodwater mosquitoes by others, only floodwater mosquitoes 
were processed for virus. 

Mosquito pools were divided equally, one-half being processed in 
suckling mice, and the other half Inoculated into tube cultures of 
continuous BHK-21, Clone 13 cells. Mosquitoes selected for cell cul- 
ture were pooled in groups of 100 females or less, ground In Wasserman 
tubes by adding ceveral 6 mm glass beads and vibrated on Vortex mixer. 
One ml of BME (Earle's, 20% FBS, antibiotics) medium was added to each 
pool, triturated a second time, 1.0 ml of 3ME Earle's added again, 
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triturated a third time, then centrlfuged for 20 minutes at 1500 rpm. 
An aliquot of supermate was removed, diluted and mixed 1:2 with the 
same nadia, and 0.2 ml of this added to duplicate tube monolayers of 
BHK-21 cells. Remaining original suspensions were saved for relsolatlon. 
Monolayers were observed for cytopathlc effect (CPE) on days 2-7 post 
Inoculation.  Suspect positive pools were frozen, then later passed to 
a second set of cell cultarcä. Passage material was clarified at 8000 
rpm for 45 minutes to eliminate virus aggregation and stored In allquots 
at -70oC pending Identification. Contaminated and toxic pools were 
retested either In cell culture or suckling mice. Pools processed In 
suckling mice followed procedures described In previous reports. 

Viruses, Isolated were Identified by PRNT on LLC-MK 2 cells. Eight 
selected Isolates were tested against mouse hyperimmune ascltlc fluids 
for Keystone, Jamestown Canyon, LaCrosse, Snowshoe Hare, and Trlvlttatus 
viruses. These preliminary tests Indicated that six of the eight were 
strains of Keystone and two were strains of Jamestown Canyon; subse 
quently Isolates were tested only against those two MHAFs. Additional 
discussion of PRNT results Is presented under work unit 166 (see above). 

In 1972 over 106,000 mosquitoes were collected and processed from 
the combined Del Mar Va Peninsula collection sites (Table 1), from which 
63 viruses were recovered. Of the 63 Isolations made, all but 3 were 
from A. atlantlcus, the remaining being from A. canadensls. Isolations 
were made from material collected both from the swamp (56) and Snow Hill 
(7) sites. No virus was recovered from mosquitoes collected at either 
the Wallops NASA Station or Assateague Island collection sites. Virus 
was reisolated from 54 of 63 pools collected. Based on these observa- 
tions, efforts to select a new study site were abandoned and all subse- 
quent efforts were concentrated around the swamp sites. 

Many more A. atlantlcus were tested in 1972 than in 1971. Again a 
high rate of virus isolation was detected, even among newly emerged adults 
(Table 3, Fig. 2). The overall isolation rate for 1972 approximated that 
for 1971. 

All isolations made from the 1971 and 1972 A. atlantlcus pools 
(total of 92 strains) were neutralized by MHAF made against reference 
Keystone strain CE and were not neutralized by Jamestown Canyon MHAF. 
The neutralization test results indicate that all 92 strains from 
A. atlantlcus are similar or identical to the Keystone strain. 

A total of four virus isolations were made from the A. canadensls 
mosquitoes tested. The single 1971 strain and one strain recovered in 
1972 were neutralized by reference Jamestown Canyon MHAF and were not 
neutralized by reference Keystone MHAF. Two strains from 1972 were 
similar to the strains from A. atlantlcus being neutralized only by 
eystone MHAF. 

Aedes atlantlcus is a floodwater mosquito that overwinters in the 
egg stage and whose larvae occur in deeply shaded p^ols in upland 
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forests.    Eggs apparently hatch In response to flooding after heavy 
summer ralna*    In this study area a substantial rain (minimum of 3 
Inches In 24~48 hours) Is needed to flood these pools.    Such rains may 
occur only once a summer,  so that most years only a single brood emerges. 
However, newly hatched larvae have been found after a second heavy rain. 
Since these larvae may be either from eggs laid earlier In the year, or 
from eggs laid during the previous year.  It Is Impossible to state at 
this time whether or not A. atlantlcus Is unlvoltlne.    Adult females are 
abundant for a rela Ively few weeks, during which they readily attack a 
variety of mammalian and cold blooded hosts during daytime hours. 

Isolations of Keystone strain CE made in 1971 and 1972 show a clear 
association of this virus with A.  atlantlcus mosquitoes.    The remarkably 
high field Infection rate remained roughly constant during the two years 
studied, as well as throughout each season.    In both years, virus was 
recovered from the very first emerging females.    Also, each year, as the 
number of adults present rapidly Increased,  there was no dilution detected 
In the rate of virus recovered.     (Fig. 1 and Fig.  2).    Two possibilities 
er4at to explain these observations.    First,  these mopquitoes may have 
taken an infectious blood meal almost immediately after emergence, 
rapidly digested it and had virtually no extrinsic incubation period. 
Second, they may have emerged infected through transovarial virus trans- 
mission.    Two factors support the latter mechanism.    First, engorged 
mosquitoes were removed before testing,  thus eliminating the possibility 
of these isolations representing viremlc blood meals.    Second,  the likeli- 
hood that an entire brood of mosquitoes in two successive years could 
rapidly acquire infections of the described magnitude is minute.    We 
thus believe, based on the temporal relationship between A. atlantlcus 
populations and isolations of Keystone strain CE made from wild caught 
females, that this virus is maintained through transovarial transmission 
of the agent from Infected females to their progeny in this area. 

The isolations of Jamestown Canyon from A. canadensis do little more 
than to establish its presence in the mid-Atlantic states.    »15    This 
finding is not surprising, since A. canadens^''   feeds avidly on deer in 
this area, and deer apparently are signif ic-nt3 / involved in the mainte- 
nance of this virus in other parts of the United States.    The failure to 
Isolate Jamestown Canyon virus from A. atlantlcus and its very low in- 
fection rates detected in A. canadensis imply a different mechanism of 
virus amplification and persistence in nature from that described for 
Keystone virus and A. atlanticus. 

d. Demonstration of transovarial transmission 

The temporal relationship of isolations of the Keystone strain of 
CE virus to populations of adult Aedes atlantlcus mosquitoes collected 
on the Del Mar Va. Peninsula in 1971 and 1972 led us to suspect that this 
strain of CE virus is also maintained at least In part through transo- 
varial transmission.    This was based on the observations that 
(1) A. atlantlcus showed very high minimum field Infection rates,   (2)   this 
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rate remained constant even In the face of significant numbers of 
emerging adults, and (3) Isolations were made from the very first adult 
A. atlantlcus collected and tested, 

Aedes atlantlcus Is a f loodwater mosquito which has but one genera- 
tion of adults on the Del Mar Va.Peninsula most years. Its eggs are 
deposited in shaded forest depressions and will hatch only after substan- 
tial rains have flooded these depressions. Such restrictive requirements 
allow an accurate estimate of date of hatching and result In a rather uni- 
form development of mosquitoes. In 1973 such conditions allowed us to 
sample at discrete intervals during the development of the populations of 
A. atlantlcus and be assured a lack of exposure of collected mosquitoes 
to viremic hosts. 

Developmental stages of A. atlantlcus mosquitoes were collected 
from their breeding pools in the Pocomoke Cypress Swamp, 5 km southeast 
of Pocomoke City, Worcester County, Maryland, and in pools outside 
Snow Hill, Worcester County, Maryland. Our collections of A. atlantlcus 
were limited to the uplands hardwood-coniferous forest adjacent to the 
swamp proper. Collections at Snow Hill were in Hardwood-coniferous forests 
■very similar to those at the swamp. The Snow Hill and swamp collecting 
sites were approximately 15 km apart. Collections were made between 
26-31 August 1973 after substantial rains had flooded these sites. 
Flooding was so great that it eliminated the possibility of sampling from 
discrete ponds. Larvae had emerged at a time when all breeding areas were 
inundated, and subsequent draining left larvae in most depressions holding 
water. 

Third and fourth larval instars and pupae were collected by dipping 
and were transported to a field laboratory alive. Only A. atlantlcus 
larvae were removed for testing. Larvae were pooled into groups of 25 
or fewer individuals in a Wasserman tube, and excess water removed by 
filtration through cloth netting. After removal of water, 0.5 ml of 4% 
bovine plasma albumin in phosphate buffered saline containing antibiotics 
was added to each pool. Larvae pools were then frozen at -70oC until 
processed for virus isolation. 

Pupae were placed in enamel pans and allowed to emerge In small 
holding cages.  To avoid possible virus cross contamination, no source 
of nourishment was provided newly emerged adults. At intervals of not 
greater than 24 hrs, pans still containing pupae were removed and all 
emerged adults were killed by chilling at -70oC for 15 minutes. All 
A. atlantlcus were removed, segregated by sex and pooled in groups of 
50 or less. Pools were held at -70oC pending processing for virus 
isolation. The laboratory in which these mosquitoes were reared had 
never been used for virus work. 

Larvae and reared adult mosouito pools were assayed for virus 
in suckling mice following techniques described earlier. Identification 
of isolates was done at the first suckling mouse passage level using 
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plaque reduction neutralization tests on LLC-MK. cells«    Isolates were 
tested against mouse hyperlmnune ascitic fluids made from CE virus seeds 
supplied by the American Type Culture Collection and Dr, Wayne Thompson, 
University of Wisconsin, and against local isolates of CE virus.    All 
reisolation attempts were made by directly plaquing the original mosquito 
suspension in confluent monolayers of LLC-MK«  cells. 

Mosquito pools were processed at a time when no other viral agents 
were being handled in the laboratory.    Inoculated suckling mice were 
housed in two separate animal rooms, neither of which had ever been used 
for virus Isolation or passage. 

A total of 518 larval A. atlanticus collected from the swamp com- 
prising 21 pools were tested for virus.    Reared females were processed 
in 35 pools representing 1,688 mosquitoes, while 2,040 reared males were 
tested in A2 pools.    From these pooled specimens,  1 virus isolate was 
obtained from larvae,   3 from reared adu.'t females and 5 from reared adult 
males  (Table 4).    Virus was recovered from reared adults taken from both 
the swamp and the Snow Hill larval collection sites. 

All isolates were identified as the Keystone strain of CEV by PRNT. 
Eight of the nine isolates were reisolated on LLC-MK.  cells with titers 
varying from 25 to 2500 pfu per 1.0 ml original mosquito suspension 
(Table 5). 

The fact that virus was isolated from both larvae and reared adult 
A. atlanticus processed under conditions designed to minimize the pos- 
sibility of introducing contaminant virus,  and the subsequent reisolation 
of relatively high titered virus from these pools strongly support the 
validity of these isolations.    The epidemiological association of 
A. atlanticus with the Keystone strain of CE virus presented earlier add 
further credence to the conclusion that this agent is maintained at 
least in part through  transovarlal transmission of the virus by 
A. atlanticus in this area. 

In retrospect,   transovarial maintenance of CE virus is not surprising. 
Most CE viruses occur in temperate zones where year-round transmission of 
virus by mosquitoes is improbable.    The principal vectors of CEV do not 
overwinter as adults   (rather as eggs) which precludes the possibility of 
virus maintenance by overwintering adults.    Further,  primary vertebrate 
hosts of CE are non-migratory mammalH,  an that reintroduction of virus 
through migrating viretnic hosts Is unilKl'        However,   the possibility 
of CE maintenance by  recurrently viremic   vi J ^ebrata hosts,  similar to 
that demonstrated with WEE and coldblooded vertebrates  cannot be eliminated 
without further study. 

In early October a number of larval A.  atlanticus were again col- 
lected from their breeding pools.    All larvae were pooled for virus 
isolation attempts in suckling mice as described earlier.    None were 
reared to adults.    Weather conditions prevented the larvae in the field 
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from maturing to adults.    A total of 108 larval pools were tested 
representing 2695 larvae, and a total of 10 virus strains were recovered. 
All of these strains recovered were Identified as the Keystone subtype 
of CE by PRNT.     (Details reported under work unit 166.)    Relsolatlon 
attempts are still In progress, but to date only 2 of 7 pools tested 
have been relsolated In tissue culture, and both of these pools were very 
low titered. 

These additional isolations from larval A. atlanticus adds further 
support to the observation made earlier that this species Is capable of 
transovarlal transmission of the Keystone subtype of CE.    The overall 
isolation rate of those adult A. atlanticus females tested in suckling 
mice in 1972 was 1:279,  and for the 1973 larval A. atlanticus was 1:286. 
Since collections of A. atlanticus in 1972 were centered primarily in the 
area of woodland pools supporting breeding of this species  (Site 10), 
it was questionable whether the isolation rate from A. atlanticus would 
reflect the distribution pattern of virus in the entire swamp.    Alto- 
gether,  37 virus isolates have been obtained from 106 pools of A. atlanticus 
collected from various collection sites in the swamp.    The isolation rate 
from A.  atlanticus collected at Site 10 is 1:283,  and this compares 
favorably with the overall Isolation rate of 1:279. 

e. Mosquito bloodmeal identifications 

(1)  Eastern U.S. mosquitoes.    As done in previous years, 
mosquito bloodmeals were Identified by the capillary tube preclpltln 
test method.    The exact techniques used have been presented in detail 
in previous Annual Reports.    A total of 514 engorged mosquitoes col- 
lected from the Pocomoke Cypress Swamp, Md. and representing 10 species 
were identified.    All specimens were collected in the routine CDC minia- 
ture light trap collections, and from the special light trap collections 
made to monitor the A. atlanticus population.    These later collections 
explain the increased number of A. atlanticus tested this year. 

Results of screening tests and totals tested are presented in 
Table 6.    Specific bloodmeal determinations are presented in Table 7 and 
8.    The discovery that A.  atlanticus mosquitoes are capable of trans- 
mitting the Keystone subtype of CE transovarially adds greater Importance 
to the feeding patterns of  this species If auxiliary virus maintenance 
routes are to be discovered.    With this In mind,  the Increase In 
polkllothermic host feeding by A. atlanticus is of special interest. 
While it had previously been recorded as feeding on cold-blooded hosts, 
such hosts had not been considered a major source of nourishment. 
However, with this observation of approximately 20% of  those bloodmeals 
identified being from cold-blooded vertebrates,  this clearly establishes 
the Importance of such hosts as an Important blood source for this 
species.    The possibility of cold-blooded vertebrates being involved in 
the maintenance of CE in the swamp Is discussed under work unit 166. 

As has been suggested In the past, A. atlanticus remains primarily 
a mammal feeder.    Among the mammalian bloodmeals Identified,  the squirrel 
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feedings are especially interesting since squirrels from the swamp en- 
virons have frequently been found to have CE antibody. Further, infor- 
mation reported under work unit 166 suggests that squirrels may 
circulate CE virus at high enough titers to infect feeding mosquitoes. 

The catholic feeding patterns of A. canadensis is again confirmed, 
As in the past, mammals appear to be the primary blood sources, but 
again significant feeding on poikilothermlc hosts was detected. Too few 
engorged mosquitoes of the other species were collected to draw meaning- 
ful conclusions regarding their feeding patterns. However, through the 
continued routine collection and identification of these engorged speci- 
mens we are accumulating good host feeding data on even the less coramon 
mosquito species found in the swamp. A comparison of feeding patterns 
of A. atlanticus and A. canadensis based on bloodmeals identified from 
1969 to 1972 is presented in Figure 3. 

(2) Other bloodmeal determinations. A number of bloodfed 
Insects were collected by the WRAIR field t';am while visiting Zaire. 
All bloodmeals identified proved to be of nummalian origin; specific 
determinations are presented in Table 9. 

f. Bionomics of floodwater mosquitoes 

(1) Collection of eggs. Knowledge of the biology of the 
major floodwater mosquito species in the upland forest study area is 
scanty. Work was begun, in early February, 1974, to study the location, 
collection, and handling of eggs of the 3 principle species, Aedes 
atlanticus, Aedes canadensis, and Psorophora ferox. To avoid the neces- 
sity of obtaining material only during a few weeks of the year, when 
adults are active and easily collected, it was necessary to locate a 
source of eggs and to develop techniques for collecting and separating 
large quantities of eggs from soil. Approximately 15,000 eggs were col- 
lected from February to May, 1974. 

Sites best suited for egg collections proved to be either natural 
depressions with moderate to steep profiles or very old drainage ditches 
with steep sides situated in heavily shaded areas. Greatest numbers of 
eggs were found along the steep ditch profiles in or at the edge of 
mature forest. Fewer eggs were found in shallow depression with shallow 
profiles in clearings or in recently ".ut forest. 

Eggs were collected by gently scraping the recently accumulated leaf 
and pine needle litter away, leaving older litter and duff intact. The 
top 2-3 cm. of litter and soil was carefully lifted with a bricklayer's 
trowel and placed in plastic bags. 

(2) Separating Eggs from Soil. Initially, soil samples were 
washed In a Horsfall Egg Separator, but failure to obtain eggs forced 
abandonment of this device.  Subsequently, soil samples were placed In 
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the top sieve of a vertical 4-sieve series, with the finest mesh at the 
bottom (60 meshes/sq, cm,)  Fine debris and eggs were separated from 
coarse organic and Inorganic material In the top sieve, by directing a 
jet of water on the debris, the finer material washing through the 
coaler sieves to the 60 mesh screen. Most floodwater mosquito eggs and 
fine debris were caught In the 60 mesh screen, with a few eggs washing 
through to the 45 mesh screen. All material. Including eggs on the 60 
and 45 mesh sieves were then washed Into a saturated salt solution and 
stirred. Mosquito eggs and some organic debris floated In the salt 
solution; silt and other Inorganic debris sank. Eggs were then decanted 
through a filter paper cone. 

(3) Egg sorting and storage. Eggs were collected from the 
wet filter paper under a stereoscopic microscope with a fine brush, 
identified to species, sorted and placed on wet filter paper in plastic 
petri dishes. The petri dishes were sealed with masking tape and 
labelled. Eggs were stored in a controlled climate chamber with a 
temperature cycle of 680F mm., 880F max. and RH approximately 85%. The 
temperature regime selected was taken from a thermograph record of 
13 August 1973 at the Pasture Point weather station. 

(4) Effect of photopcriod on breaking of diapause of flood- 
water mosquitoes.  To determine if floodwater mosquito eggs are in a 
diapause state in the spring which is broken by a photoperiod trigger, 
soil samples were collected from the field on 8 March 1974 and 3 May 
1974, brought to the laboratory for processing.  One-seventh of the 
8 March sample was flooded immediately after its arrival at the labora- 
tory with a mixture of distilled and hay infusion water in a 10:1 ratio. 
The remaining soil was divided into 2 parts, one half placed In enamel 
pans in a climate chamber at constant temperature (240C) and RH (85%) 
and LD 8:16, the other half in another climate chamber with LD 16:8. 
One third of each soil sample was flooded on the ""th, 14th and 21st day 
following collection respectively. All larvae were removed 3 days after 
flooding and the samples sieved for eggs. Results are present in Table 10. 

Eggs collected in the field on 2 May 1974 were processed in the 
same way as discussed above.  Since no Aedes canadensis eggs were col- 
lected in the samples, this species is not included in the tabular data. 
Results of flooding the 2 May sample are presented in Table 11. 

For both the 8 March and 2 May samples, there is no difference in 
the hatching rate of eggs of any of the species exposed to long day 
conditions or short day conditions. The relatively low hatching rates 
occasionally observed, such as the 68,75% for Ps^ ferox on Day 28, 
LD 8:16 may be due to the small sample size (17 eggs). It was con- 
cluded that either A^ atlantlcus and £, ferox are not in diapause on 
8 March or else photoperiod conditions do not determine termination of 
diapause in these species. Additionally, photoperiod differences do 
not affect the rate at which eggs of the various species are conditioned 
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to habit.    Eggs at given stages In conditioning habit at approximately 
the same rate and In the same time Interval when exposed to either long 
day or short day conditions  (see discussion of conditioning below). 
Future experiments will be conducted to determine when the onset of 
diapause occurs in floodwater mosquito eggs, how long diapause lasts and 
when it is terminated.    A.  canadensis eggs are obviously not dlapausing 
in March. 

(5) Egg storage.    Following sieving of mosquito eggs from 
soil samples, all eggs were placed on wet filter paper in plastic petrl 
dishes sealed with masking tape.    To Insure maximum hatch rate when sub- 
sequently flooded, eggs were kept in a climate chamber with a temperature 
range of 68o-80oF and RH of 85%. 

To determine the hatch rate of eggs held in storage for 40-90 days, 
3,714 eggs were flooded on 6 May 1974.    The hatching rate varied from 0 
for A,  atlantlcus held 60-75 days to 52.43% for Psorophora ferox eggs 
held 45 days.    The hatch rate for all samples is given in Table 12.    The 
hatch rate for all species and all samples was 14.97%.    Psorophora ferox 
eggs had the greatest hatch rate in most samples,  followed by Aedes 
canadensis and Aedes atlantlcus. 

The poor hatch rate for stored eggs is probably due to deslcatlon 
of eggs in the climate  chamber or an unfavorable combination of tempera- 
ture and humidity tb ondltions the eggs, making them refractory to 
hatching. 

In an attempt i ve the hatch rate of stored eggs,  2,447 eggs 
were moistened and retuiued to the climate chamber for 14 days.    All 
eggs were then flooded.    Results are not yet complete, but initial hatch 
rates are given in Table 13.    Hatch rate for all eggs was 23%.    Com- 
pared with unmolstened eggs in Table 5, Aedes atlantlcus showed the 
greatest rate of Increase in hatching.    When all hatching data are com- 
plete, hatch rate is estimated to be about 30%, about 50% greater than 
for unmolstened eggs,  still far below adequate per colonization 
purposes. 

(6) Spatial distribution of floodwater mosquito eggs.    From 
the approximately 15,000 floodwater mosquito eggs collected from February- 
May 1974, preliminary data allow a summary of spatial distribution of 
eggs of the 3 major species studied  (Aedes atlantlcus,  Aedes canadensis 
and Psorophora ferox).    Data are most complete f jr a small drainage ditch 
(A-3)   that has subsequently been destroyed by p  logging operation.    This 
ditch had a steep profile and eggs were overlain by a leaf litter layer. 
Table 14 summarizes the distribution of eggs in the 3 horizons   (elevations) 
sampled.    Horizon A was  the highest point of flooding in the ditch, 
horizon C was the slope just above the bottom of the ditch.    Each horizon 
was about 8 cm. high. 
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Based on rather crude sampling methods. Aedes canadensls eggs were 
most abundant in the top horizon, A, atlanticus most abundant in the 
lower horizon (based on percent of eggs recovered), and I\ ferox most 
abundant in the middle horizon. The relatively low number of A. canadensis 
eggs in C horizon may be due to prior hatching of many eggs flooded in 
January and February. 

Number of eggs collected in a given sample was extremely variable, 
from 0 to over 500, indicating a strongly clumped distribution. Pos- 
sibly, the female mosquitoes lay many eggs in particular spots where 
moisture, microclimate and substrate are most attractive, avoiding other 
superficially attractive sites. 

Virtually all eggs occurred in the top 1-2 cm. in the soil-litter, 
on heavily shaded sites, obviating the necessity of taking very deep 
sample«of mud and sand. Few eggs have been collected in exposed ditches. 

Preliminary sampling in another drainage ditch (AS-1) indicates that 
the egg distribution pattern given in Table 7 is similar in other ditches 
in the upland forest, with eggs also highly localized at particular sites 
along the ditch. 

(7) Conditioning of floodwater mosquito eggs. Following 
terminat'.on of diapause in floodwater mosquito eggs, they must be 
"conditioned" for a certain period of time before they will hatch. From 
numerous conditioning experiments conducted from February to May 197A, 
it appears that Aedes canadensis requires only a very short conditioning 
period before all eggs flooded will hatch. Eggs collected in February 
all hatched immediately when flooded in the laboratory. Larvae of 
A. canadensis were seen in the field in January. Eggs of Aedes atlanticus 
and Psorophora ferox are not conditioned to hatch immediately until 
probably early to late June, although a few eggs will hatch as early as 
May.  "Conditioning" of A. atlanticus and £. ferox eggs in the labora- 
tory require a variable number of days at temperatures above 70oF. 
A. atlanticus eggs require a longer conditioning time than those of 
P^. ferox. Table 15 summarizes conditioning information on 3 species to 
date. 

A. 
As environmental temperature increases, the conditioning time of 

atlanticus and P. ferox decreases. For samples collected in March, 
conditioning in £. ferox is complete in 7 days at 780F, in 14 days in 
A. atlanticus. By May, conditioning time for both A. atlanticus and 
P. ferox was less than 7 days since the hatch rate was essentially 100% 
for both species at Lay 7. 

Eventually, it should be possible to plot increasing temperature 
against decreasing conditioning times for A. atlanticus and £. ferox 
by flooding subsaraples daily to determine exactly how long conditioning 
requires from termination of diapause to completion of the conditioning 
process. This information will be used to predict when heavy rains can 
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be expected to hatch most A. atlanticus and P^, ferox eggs in the field. 
Conditioning for both species is probably complete by late June. 

(8) Effect of fcefrigeration on egg hatching. To determine 
if eggs in soil samples could be kept refrigerated until needed, soil 
samples were collected in the field, divided into 2 parts each and re- 
turned to the laboratory. One set of subsamples was refrigerated for 
14 days at 50C, the other se: of subsamples were conditioned at 780F, 
RH 78% LD 15:9 for 4, 10 and 14 day respectively. After 74 days, the 
refrigerated subsamples were removed and conditioned at 780F, RH 78%, 
LD 15:9 for 3, 10 and 15 days respectively. Problems with hatching medium, 
resulting in erratic hatching, prevented drawing many definitive con- 
clusions at this time, but preliminary results from a subsequent experi- 
ment indicate that eggs can be stored for at least 30 days at 50C in 
soil inside plastic bags and will hatch normally, provided they are 
conditioned for about 10 days. 

If refrigeration proves effective, this might replace the presently 
inadequate method of egg storage in a climate chamber. Eggs can be re- 
noved from the refrigeration and served without hatching fir study, or 
left in soil until needed for colonies or experiments. 

(9) Colonization of floodwater mosquito species. As of 15 May 
1974, only Psorophora ferox has been successfully established as a self- 
sustaining colony. Aedes canadensis is easily maintained, but must be 
force mated. Aedes atlanticus has not responded well to colonization 
attempts. 

Psorphora ferox - this species has adapted very well to the laboratory. 
Females take blood readily from chicks, egg production is excellent on 
moist pans of sphagnum moss, and the hatching rate of the eggs, following 
a holding period of 14 days for embryonation is excellent with no indica- 
tion of diapause. Larval survival and emergence rate of healthy adults 
are excellent. Mating occurs naturally in the large Ixlxl m. cages. 

Aedes canadensis - this species has adapted well to the laboratory, but 
will not mate in enclosed cages yet. Females feed readily on rabbits 
or guinea pigs, egg production is excellent on moist sphagnum moss. 
Hatch rata of eggs is excellent with no indication of diapause.  Larval 
survival and adult emergence rates are excellent. Adults must be force 
mated, but eventually the goal is for a self-sustaining colony. 

Aedes atlanticus - this species has responded poorly to colonization 
attempts. Adult survival in cages is good, females feed readily on 
rabbits or guinea pigs. Egg production is poor on moist sphagnum, with 
many eggs collapsed. Hatch rate of eggs is poor; probably most eggs are 
not viable. Larval survival is fair; larvae tend to be small, possibly 
due to overcrowding, survival rates of larval and pupae are poor. 
Emergence rate from pupae is very poor, with many pupae dying before 
emergence of the adults. Adults will not mate in enclosed cagi , and 
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females will not respond readily to force mating as do those of 
A. canadensis. Sperm transfer is poor In force-mated females, 

Some problems encountered in colonizing A. atlanticus may be over- 
come by rearing at slightly lower temperatures, careful feeding of 
larvae, prevention of overcrowding and other possible adverse factors, 
but much work remains to be done before A. atlanticus can be established 
as a self-sustaining colony. 

2. Comparative studies of two North American mosquito species, 
Culex restuans Theobald and £. salinarius Coquillett. 

a. Introduction 

Culex restuans Theobald and £. salinarius Coquillett are 2 common 
Nearctic mosquitoes whose ranges largely overlap. Adults of the former 
species emerge earlier in the spring and persist longer into the fall. 
Moreover, the rauge of £. restuans extends farther north.  Eldridge et al. 
1972 has described the seasonal geographic distribution of these n  species 
and presented data which showed intarspecifi^ differences in blood-feeding 
patterns and ovarian development in response to various combinations of 
temperature and photoperiod in the laboratory. £. restuans females showed 
a marked reduction of blood-feeding and exhibited ovarian diapause (or 
so-called gonotrophic dissociation) in the response to a combination of 
short photophase and low temperature. £. salinarius females showed a 
significant reduction of blood-feeding under short photophase conditions, 
but only at the lowest conditioning temperature (15 C.) and did not exhibit 
ovarian diapause. The results suggested that both species underwent true 
diapause permitting overwintering in the adult stage, but that qualitative 
and quantitative differences in their response to environmental conditiors 
contributed to the differences in geographic range and phenology. 

Reported here is an extension of the earlier study with observations 
on the effect of temperature and photoperiod on ovarian follicle growth 
in non blood-fed female mosquitoes of the 2 species as well as the in- 
fluence of temperature upon rates of adult eclosion, blood digestion, and 
ovarian development. The objective of triese experiments was to find 
differences between the species which would be consistent with the dif- 
ferences in seasonal and geographic distribution. 

Culex salinarins females were obtained from our self-mating labora- 
tory colony established in 1969 fron larvae collected in ) swamp near 
Pocomoke City, Maryland,  The £.. restuans females were reared from egg 
rafts coJlecte.- in rain water-filled stainless steel pans placed outside 
our laboratory in Washington, D.C, during the spring mcnths.  Egg rafts 
were constantly present in the pans from April tnrough June. Egg rafts 
were isolated after collection and maintained in individual vials until 
specific identification of larvae was made. Other than this, larval 
rearing procedures were the same for both species. 
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Simulated environments were produced in modified BOD incubators. 
Details of the light sources and temperature compensation syster: have 
been d-scribed previously (Eldridge et al. 1972). 

In all cases, larvae were reared at a temperature of 27 C and a 
photoperiod of 16:8 ..:D. Separation into experimental groups was made 
randomly at the time of pupation. Other experimental details are given 
under the results of the particular experiment Involved. 

b. Rate of adult eclosion at different temperatures. In this ex- 
periment, a large number of pupae of both species were collected within 
24 hours of pupation. The collection of pupae was made at the mid-point 
of time of pupation In the larval pans. Although the pupae were a 
mixture of males and females the latter predominated. Each batch of 
pupae was randomly divided into 4 groups of 100 pupae each and placed 
in cages in incubators at 4 different temperatures: 10°, 15°, 20°, and 
250C. Photoperiod was 16:8 L:D throughout the experiment. Emerged 
adults were removed and recorded dally. 

The results are shown In Fig. 4. All pupae eventually underwent 
ecdysis, even at 10oC. At 250C, the peak of adult eclosion for both 
species occurred on day 2 post-pupation (when pupae were 48-72 hours old). 
At 20oC, the 2 emergence curves are similar, with the majority of pupae 
of both species undergoing ecdysis on day 2. However, twice as many 
adults of C^ sallnarlus emerged on day 3 compared with £. restuans. 
At 150C, a clearcut difference is observable between the species. The 
peak of adult eclosion occurred a full day later in £. sallnarlus. At 
10oC, the median time of eclosion is approximately 9 days for £. sallnarlus, 
6 days for £. restuans. 

c. Rate of blood digestion. A large batch of 3-4 day old females 
of each species was provided a shaved chick as a blood meal source. 
Females which took a complete blood meal were randomly divided into 4 
groups and placed in cages in Incubators at the following temperatures: 
10°, 15°, 20°, and 250C. Photoperiod was 16:8 L:D throughout the ex- 
periment. A single female was removed from each treatment daily. The 
status of blood digestion was estimated by the Sella method (Sella 1920). 
Each female was then dissected and the length of the ovary measured as 
an indication of the degree of ovarian development (see below). Rates 
of blood digestion are shown in Fig. 5. 

d. Rate of ovarian development. As mentioned above, the same blood- 
fed females removed for the purpcre of estimating rate of blood digestion 
were also dissected to determine the degree of ovarian development. The 
results of these dissections are shown in Fig. 6. The overall pattern 
seen In the previous experiments is evident. Ovarian development proceeds 
at approximately the same rate in both species at 250C; is slower at 
lower temperatures in £. sallnarlus. The lower the temperature, the 
greater the disparity In rates. 
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In females of £. restuans maintained under conditions of short 
photophase and low temperature (150C/8;16 LD), most ovarieles remained 
in a diapause state (stage N). At low temperature and long photophase, 
however (150C/16:8 LD) follicles of most ovaries developed to the 
resting stage from which full ovarian development will occur after a 
blood meal (stage lb). At 250C, £. restuans follicles developed equally 
under both photoperiod regimes, but did not attain as large a size, on 
the average, as did long photophase follicles at 150C. Furthermore, 
more females maintained at 150C/16;8 L:D had follicles reaching stage 
lb than did any of the females held at 250C at either photoperiod. 

In Culex salinarius, no photoperiod influence on follicular develop- 
ment could be seen. The influence of temperature, however, was striking. 
At 150C, 30-50% of the ovaries of females examined had follicles in the 
diapause state. Most ovaries had follicles in stage la, but none had 
developed past this point. At 250C, however, all ovaries had follicles 
which had developed at least to stage la and some which had gone to 
stage I-II. 

d. Discussion. The results presented here and those presented in 
an earlier study (Eldridge et al. 1972) suggest that the physiological 
events accompanying overwintering in these 2 species differ considerably, 
at least in mid-Atlantic U.S. populations. The higher rates observed at 
low temperatures in the 3 phenomena observed are consistent with the 
earlier appearance and later persistence of C_. restuans. Apparently, 
mid-Atlantic populations of £. salinarius do not undergo ovarian diapause 
in response to autumn photoperiod conditions. The species does apparently 
overwinter in the adult stage, however, In the Maryland-Virginia area of 
the U.S. After intensive searching, we captured a single female 
£. salinarius in January of 1973 in a stable open at one end. This is 
one of the few instances of this species being collected during the 
winter months above 350N latitude. 

The differences in physiological response to photoperiod and the 
more northern range of £. restuans are consistent with the hypothesis 
than an ovarian diapause induced by a short photophase is associated 
with an adult overwintering mechanism which permits survival under very 
stringent winter conditions. Implicit in this hypothesis would be that 
the physiological differences would hold even in populations of 
C.  salinarius at the northern limit of the range of the species, although 
one would expect some northern extension during the summer months past 
the point where the females could survive winter conditions.  If this 
is the case, £. restuans would survive the winter in a dormant state 
classified by Mansingh (1971) as diapause; £. salinarius in oligopause. 
To test how well these species fit the criteria presented by Mansingh, 
especially that of "tolerance to adversity", samples of the species 
stouldbe tested for tolerance to simulated winter conditions in the 
laboratory. 

3.  Biosystematics of mosquitoes 

A monograph on the new subgenus Bothaella of the genus Aedes was 
published. Additional information on the taxonomy of Aedes (Diceromyia) 
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was published and Included are new species and one species previously 
placed In the subgenus Aedlfnorphas. Aedes consonensls, a new species 
of the subgenus Neomacleaya was described» The complex arrangement of 
the male genltalla of Neomacleaya was described and elucidated. 

Unnamed setae on the larval cervical membrane were reported. Their 
taxonomlc importance and possible phylogenetlc significance were dis- 
cussed with special reference to Aedes subgenera Ftnlaya and Ochlerotatus. 

A paper was published outlining the detailed procedures for preparing 
and dissecting the female genltalla of aedlne mosquitoes for taxonomlc 
examination. A taxonomlc glossary of the female genltalla of mosquitoes 
was also presented and all significant structures illustrated. 

Studies are virtually completed on a new interpretation of the sub- 
genus Verrallina of Aedes which is confined to the Oriental, Australian 
and Oceanic Regions. Verrallina will be redescribed and the 91 Included 
species will be assigned to section and series categories. Considerable 
new information on the biology, distribution, descriptions, synonomy and 
corrections to published species and numerous previously undescribed 
immature stages will be available. Four new species and numerous pre- 
viously undescribed immature stages will be covered. 

Work is approximately one half finished on a comparative study of 
the female genltalla of the 37 subgenera of Aedes. These studies in- 
dicate that the female genltalla of the tribe Aedini are of taxonomlc 
value at the generic, subgeneric and species group levels. Descriptions 
have been completed for 52% of the svbgenera and illustrations for 67% 
of the subgenera. 

Some progress has been made on revisions of the subgenera Paraedes, 
Edwardsaedes and Ochlerotatus in Southeast Asia and adjacent areas. 

Work has continued on a revision of the subgenus Christophersiomyla 
of Aedes. Members of this subgenus occur throughout tropical Asia and 
the southwestern South Pacific Islands. The subgenus consists of 6 
nominal species: 

annullrostrls (Theobald) 
brayi Knight 
chionodes Belkin 
gombakensis Mattlngly 
ibis Barraud 
thomsoni (Theobald) 

The medical Importance of species of Christophersiomyla has not 
been Investigated. A. gombakensis has been taken biting man in Malaysia. 

All specimens. Including immature stages and male genltalla mounted 
on slides, in the MEP/USNM collections have been examined. New distri- 
butional records have added greatly to the known geographic ranges of 4 
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of the species. Preliminary work is proceeding on descriptions of 
previously - undescribed Immature stages and in writing Improved 
descriptions for others described in the early literature- 

Fourth-stage larvae and pupae are known for artnulirostrls, gombaken- 
sis and thomsonl. The larvae and pupae of all 3 species are being 
redescrlbed.  In addition, the larva and pupa of ibis are being described 
for the first time. 

' 

Adult males have been described for all species except ibis. Male 
specimens of this species exist In good numbers In our collection and 
are being described for the first time. Male termlnalia of all species 
except gombakensls show very few differences. 

At this time it seems that bravl resembles Ibis so closely that the 
former may have to be placed in synonymy. Specimens of brayl from the 
Philippines have the fore-and midfemora paler both anteriorly and poste- 
riorly than specimens of ibis from Thailand. Two specimens from Cambodia 
are intermediate in this respect. Other characters for separating the 
2 species, including those in the male termlnalia, are variable. The 
examination of Immature stages and reared specimens from the Philippines 
would be most helpful in solving this problem. 

A bibliography of 35 entries has been compiled for Christophersiomyla. 
A few of these have been new additions to the extensive MEP bibliography 
of mosquito literature. 

Illustrations of adults of 4 species hbve been completed. Prepara- 
tion is now underway to begin illustrations of the immature stages. An 
Illustrator has been assigned to this work. 

Conclusions and Recommendations 

1. A high rate of infection of Aedes atlanticus mosquito by the 
Keystone subtype of California encephalitis virus was detected. Jamestown 
Canyon subtype exists also in the Pocomoke Swamp study area, but appar- 
ently at much lower frequency. Aedes atlanticus appears to be involved 
only with the Keystone subtype, whereas Aedes canadensis have been found 
Infected with both Keystone and Jamestown Canyon. The infection rate in 
A. canadensis for both subtypes is only a tenth to a hundredth that of 
Keystone in Aedes atlanticus. Further studies should be done to deter- 
mine susceptibility of these 2 species for both CE subtypes. 

2, The pattern of CE Isolations and the population dynamics of 
Aedes atlanticus suggested that transovarial transmission of Keystone 
was occurring in this species. The isolation of Keystone from field- 
collected larvae and from male and female mosquitoes reared from fLeld- 
collected larvae is virtual proof of its occurrence. Further studies 
should address the question of Infection of unlnfected mosquitoes in 
nature, as well as transmission of virus from infected mosquitoes to 
vertebrates. 
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3. Cold-blooded vertebrates were shown to comprise about a fifth 
of the blood meals for Aedes atlanticus collected during the year. 
Squirrels were also shown to be frequent hosts. The role of cold blood 
vertebrates in arbovirus ecology has never been satisfactorily studied. 

4. Substantial differences among species of floodwater mosquitoes 
were found in relation to embryonic diapause; conditioning, hatching, 
and distribution of eggs. Aedes atlanticus and A. canadensis eggs often 
occur in the same woodland pool, but eggs of the former species are 
deposited closer to the bottom of the pools than those of the latter. 
Eggs of A. canadensis require no conditioning when collections are made 
March to June. Those of A. atlanticus and P. ferox require varying 
times of conditioning at spring-summer temperatures (ca. 250C) before 
hatching can occur. More studies are needed with eggs collected at 
various times of the year, especially autumn. 

5. Culex salinarlus and £. restuans from the mid-Atlantic States 
vary considerably in their ability to function at low (ca. 10oC) tempera- 
tures. Culex restuans undergoes ovarian diapause under the influence of 
short photoperiod/low temperature conditions whereas £. salinarlus does 
not. These differences suggest a differential ability to survive winter 
temperatures during hibernation, and thus a differing likelihood of 
serving as an overwinter hosts of Group A. rboviruses. Further research 
should be done with Infected females of these species under simulated 
winter environments. 

6. Blosystematlc studies of Aedes mosquitoes of Southeast Asia have 
continued. Studies are nearly completed on 2 subgenera. Verralllna and 
Chrlstophersiomyia. Further research should be done on the subgenera 
Paraedes, Edwardsaedes, and Ochlerotatus. 
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TABLE 1 

Adult female mosquitoes collected by light trap and tested for 
infection with California encephalitis virus strains, 1972 

Species 
Number 
Collected 

CE 
Isolates 

Aedes canadensia 63,216 

Aedes atlanticus 19,110 

Aedes cantator 8,559 

Psorophora ferox 6,894 

Aedes solllcitans 4,856 

Aedes taeniorhynchus 2,942 

Aedes vexans 832 

Aedes triseriatus 179 

Aedes infirmatus 24 

Psorophora columblae (=confinnis) 8 

Psorophora varipes 1 

Total 106.621 

1. 

2. 

2 Keystone subtype, 1 Jamestown Canyon subtype 

All Keystone subtype 

60 

63 
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TABLE 2 

Data on filtration, chioroform inactivation and identification of 
CE virus isolates, 1971 

Pool # Filtration Inactivation by 20% chloroform 
(Seitz S pad) Control Treated Log Identification 

titer* titer Inactivated 

4 + 7.7 3.0 4.7 Jamestown Canyon 

84 + 6.7 1.2 5.5 Keystone 

366 + 6.7 <1.0 >5.7 Keystone 

373 + 7.0 2.2 4.8 Keystone 

374 + 7.1 1.5 5.6 Keystone 

414 + 6.5 <1.0 >5.5 Keystone 

455 + 7.4 1.9 5.5 Keystone 

464 + 7.3 1.7 5.6 Keystone 

477 + 7.2 2.0 5.2 Keystone 

484 + 7.2 2.1 5.1 Keystone 

488 + 7.1 1.5 5.6 Keystone 

505 + 6.5 1.5 5.0 Keystone 

524 + 7.3 <1.0 >6.3 Keystone 

525 + 7.3 <1.0 >6.3 Keystone 

533 + 6.9 2.1 4.8 Keystone 

534 + 7.2 2.0 5.2 Keystone 

537 + 6.5 1.1 5.4 Keystone 

538 T 6.7 <1.0 >5.7 Keystone 

539 + 7.1 <1.0 >6.1 Keystone 

541 + 6.5 <1.0 >5.5 Keystone 

542 + 6.0 1.5 4.5 Keystone 

544 + 6.9 1.7 5.2 Keystone 

547 + 7.1 1.3 5.8 Keystone 

548 + 5.7 <1.0 >4.7 Keystone 

550 + 6.5 <1.0 >5.5 Keystone 

553 + 7.5 <l.O >6.5 Keystone 
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TABLE 2 (Contli ued) 

Inactivatlon by 20% chloroform 
Pool # Filtration Control Treated Log Identification. 

(Seltz S pad) tlter tlter Inactivated 

557 + 7.2 <1.0 >6.2 Keystone 

560 + 6.6 <1.0 >5.6 Keystone 

561 + 6.3 <1.0 >5.3 Keystone 

577 + 6.4 1.5 4.9 Keystone 

578 + 6.7 <1.0 >5.7 Keystone 

597 + 7.6 1.5 6.1 Keystone 

598 + 6.6 <1.0 >5.6 Keystone 

* Titer of virus measured as log10 SM ic LD--/0.02 ml 
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TABLE 3 

Virus Isolation rates from A 
Pocomoke Cypress 

. atlantlcus by date of 
Swamp, Maryland, 1972 

collection. 

Collection 
date 

A. atlantlcus 
tested 

Number of 
Isolations 

Isolation 
rate 

3 July 513 3 1:171 

10 July 3,393 12 1:282 

11 July 4,320 8 1:540 

12 July 3,643 9 1:404 

16 July 1,171 5 1:234 

18 July 774 4 1:193 

19 July 1,150 7 1:164 

26 July 431 1 1:431 

31 July 2,938 3 

52 

1:979 

TOTALS 18,333 1:352 
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TABLE 4 

CE virus Isolations made from larvae and reared adult A. atlantlcus, 
Pocomoke Cypress Swamp, Maryland and Snow Kill, Maryland 

27-31 August 1973 

Location Stage 
No. 

collected 
No. 

Isolations 
Isolation 

rate 

Pocomoke Cypress larvae 318 1 1:518 

Swamp, Maryland reared adult « 1028 3 1:343 

reared adult rf 990 2 1:A45 

Snow Hill, Maryland reared adult $ 660 0 0:660 

reared adult <s 1050 3 1.350 
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TABLE 5 

Results of relsolatlon attempts made on 1973 CE isolations made 
from larvae and reared adult A. atlantlcus mosquitoes, Pocomoke 

Cypress Swamp (PCS, Maryland and Snow Hill, (SH), Maryland, 1973 

Isolation 
number 

Source Locality 

T 73-4 

T 73-15 

T 73-17 

T 73-21 

T 73-29 

T 73-39 

T 73-63 

T 73-66 

T 73-34 

reared ? 

larvae 

reared <f 

reared ? 

reared <f 

reared $ 

reared <*" 

reared <f 

reared <f 

PCS 

PCS 

PCS 

PCS 

PCS 

PCS 

SH 

SH 

SH 

Tlte.r on 
relsolatlon 
(pfu/1.0 ml) 

1750 

2500 

500 

500 

75 

1750 

failed to 
reisolate 

25 

75 
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TABLE 9 

Blood»«! ld.ntlflc.tion. of l^oc« ooUected In ZUro. ».« Afrlc. 
lii is / J 

Species No.  Tested Blood meal 

Human Sheep Bovine 

Glosslna palpalis 14 11 

Anopheles «amblae 
complex 

5 4 

Culex sp. 6 5 
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TABLE 10 

Hatching of floodwater mosquito egg collected 8 March 1974 and held 
under two different photoperlod reglmef 

Days conditioned 
before flooding 

Species Percent hatching 
16:8, L:D       8:16, L:D 

14 

21 

Aedes canadensls 

Aedes atlantlcus 

Psorophora ferox 

Aedes canadensls 

Aedes atlantlcus 

Psorophora ferox 

Aedes canadensls 

Aedes atlantlcus 

Psorophora ferox 

Aedes canadensls 

Aedes atlantlcus 

Psorophora ferox 

100 

0 

0 

100 100 

44.8 36.2 

100 97.4 

100 80.0 

90.3 96.9 

100 96.4 

100 100 

100 

100 

98.5 

96.4 
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J 
TABLE 11 

Hatching of floodwater mosquito eggs collected 2 May 1974 and held 
under two different photoperlod regimes 

Days conditioned 
before flooding 

Species Percent hatching 
16:8,  L:D        8:16, L:D 

14 

21 

28 

Aedes atlantlcus 0 
Psorophora ferox 3.6 

Aedes atlantlcus 91.3 100 
Psorophora ferox 100 93.1 

Aedes atlantlcus 100 100 
Psorophora ferox 100 100 

Aedes atlantlcus 80.0 100 
Psorophora ferox 100 100 

Aedes atlantlcus 95.0 100 
Psorophora ferox 85.7 68.7 
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TABLE 12 

Hatching of floodvater mosquito eggs after 40-90 days of storage at 
20-270 C. and 852 R.H. 

Species No. eggs No.  larvae Percent 
Hatch 

Aedes atlanticus 
Aedes canadensis 
Psorophora ferox 

1,494 92 
666 81 

1,554 367 

7.4 
17.8 
20.6 

TABLE 13 

Hatching of floodwater mosquito eggs after 40-90 days of storage at 
20-27° C.  and 85% R.H.,  then 14 days of moistening 

Species No. eggs No. larvae Percent 
hatch 

Aedes atlanticus 
Aedes canadensis 
Psorophora ferox 

1,068 
164 

1,215 

235 
30 

411 

22.0 
18.3 
33.8 
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TABLE 14 

Spatial distribution of floodwater mosquito eggs In a woodland ditch 
(A-s)  in Wlcomico County, Maryland 

Horizon* No.  Samples Species 

Aedes canadensis 

Aedes atlanticus 

Psorophora ferox 

Aedes canadensis 

Aedes atlanticus 

Psorophora ferox 

Aedes canadensis 

Aedes atlanticus 

Psorophora ferox 

eggs Eggs/ 
sample 

Percent 
in 

Horizon 

727 61.0 49.5 

146 20.9 16.9 

290 41.4 33.6 

336 48.0 29.2 

406 58.0 35.3 

407 58.1 35.4 

123 20.5 18.9 

373 62.2 57.4 

154 25.7 23.7 

TOTAL 2,662 133.1 

*Elevatlons within ditch.  A Horizon is near top of ditch, B is near middle, 
C is close to bottom. 
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TABLE r. 

Percent hatch-of eggs of the 3 major upland forest floodwater mobqultoes 
of the Pocomoke Swamp Study Area after various periods of conditioning* 

4,   y   , 

Date Collected Conditioning 
Time (days) 

Cpecles Hatched     Unhatched     Percent 

19 Feb 74 

8 Mar 74 

2 May 74 

14 

21 

14 

21 

Aedes canadensls 463 13 97.3 

Acdes atlantlcus 28 174 16.1 

Psorophora ferox '.00 104 79.4 

Aedes canadensls 2 0 100 

Aedes atlantlcus 0 15 0 

Psorophora ferox Ü 5 0 

Aedes canadensls 6 0 100 

Aedes atlantlcus 43 53 44.8 

Psorophora ferox 9 0 100 

Aedes canadensls 30 0 100 

Aedes atlantlcus 84 9 90.3 

Psorophora ferox 12 0 100 

Aedes canadensls 6 0 100 

Aedes atlantlcus 69 0 100 

Psorophora ferox 12 0 100 

Aedes canadensls - - - 

Aedes atlantlcus 0 9 0 

Psorophora ferox 1 28 3.6 

Aedes canadensls - - - 

Aedes atlantlcus 21 2 91.3 

Psorophora ferox 58 0 100 

Aedes canadensls 
Aedes atlantlcus 11 ff 100 
Psorophora ferox 22 0 100 

Aedes canadensls - - - 

Aedes atlantlcus 8 2 80.0 
Psorophora ferox 24 0 100 

'Conditioning accomplished by holding eggs at 250C before flooding 
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Captions for Figures 1-6, following 

Figure 1. Adult female Aedes atlantlcus as sampled by CDC miniature 
light traps with dry Ice, Pocomoke Cypress Swamp, Maryland, 
1971, and CEV Isolations made. 

Figure 2. Adult female Aedea atlantlcus as sampled by CDC miniature 
light traps with dry Ice, Pocomoke Cypress Swamp, Maryland, 
1972, and CEV isolations made. 

Figure 3. Comparison of feeding patterns of Aedes atlantlcus and 
A. canadensis as determined by bloodmeal identification 
using the capillary tube preclpltln test, Pocomoke Cypress 
Swamp, 1969-72. 

Figure 4. Pattern of adult emergence of Culex salinarius and £. restuans 

Figure 5. 

Figure 6. 

at 10°, 15°, 20°, and 250C. 

Pattern of blood digestion of Culex salinarius and £. restuans 
at 10°, 15°, and 250C. "  " 

Pattern of ovarian development of Culex salinarius and 
C. restuans at 10°, 15°, and 250C. 

297 

 ——■ 
  ■..-^-i......... T!,,,,!,^ „, 



IHOIN HVH      001 X S30ilf10SOW  ON 

298 

^^mtmämmmmmm MMMMi. 



^n^fw iHWWW,»!"'" f«|ip,tBiWjiJ|.i.»liii,lWMWMW»   t.l' ,jH,w..tHi:!)y:iproiWliW:'WHi[W mmmmmnmw-! * -JSW»)»**'-»' ■^»«...I-.JJW- 

3SC 

E} 

■ s 

CO 

«V» 

31 

o 

•m 
-^TT 

S^ 
I 

to 
z 
o 

o 

E}2 

in 

W 

CO 

<0 

.-M 

CM 00 o CVJ 

HjßiN doj| /OOI x   saoimbsoiAl   ON 

299 

- ■-—i ü —— 



^^^ggmjMii.mw^.i iiMf;.mnmi,.w iLiiiiiiii mmsaiimimmmimmis^mim wsmmrnm^ 

'69 

Bird.7| ^ 

'72 N 

Aedes otlonticus 

!69 

Reptile 1° 
'72 

'69 
'70 

Mammal «yj 

'72 

2 

^^ 

J L I I 

10    20    30   40    50   60    70   80    90   100% 

'69 

Bird • '70 
71 

'72 

Reptile . 

'69 
'70 

'72 

Mammal , 

69 
'70 
71 

'72 

<r Aedes canodensis 
y< 

l 
10    20    30    40    50   60   70    80    90   100% 

300 

HMk 
Jrite*M"i,"JjL*^"i"titiittoiiiifcifciii -IM  



'-liWWPipfWIWWWPIIIi» ||,^|l|l|j||]Jili|lii.i|ll.W}p]ttlMlBW> nt.'T'.lwi.iül'J.'A-waw»'^-'- *#W»Wl'?«»1-.P»,>l"W„JI,.>?ll"^"M»W"."l«-.".I'- 1f|^IU.J|H|U^WI'l|...B' ' 

r" 

90 

80 

70 

60     - 

50     - 

Cjii2Ä sallatrlus 

♦>   /,0 
c 
u 

u 
B 

0. 

30 

20     • 

10    • 

Days after pupation 

CulfiZ restuana 

4 5 6 7 8 9 

3ays after oupstlon 

10 11        12 

301 

■.^.^^^Mi^a^u^^.^.^.,...... . mmiiMnaMiMMMninniiiti, 



Pllll WIIIUU IIIMVJI^IWJIWMH« 

& 

a 

B 

3 i»        5 6        7 
Days after blood meal 

8 9 10 

Days after blood meal 

302 

^ 
!  n     I   ■■■![-  ■     ■'■•■'- ̂

m^mimmlimmmmml^m^ltmi^M -- —■'>■-■"'■—.■--■    -■■- ■■■ 



;J>,4l)l,WJPl!JPlll|lBJiili^ vmiiimjtmvm**.''*: ':■ • ^ff^ft^wm^'^m^fvam -^^.W.WIW^^III^JPIIIJIIJWJIJWI jw   ■'" TBWPWWWT^W 

cyläjc aalipaiiaa 

23456 

Days after blood neal 

303 

  -  - -       --..-■■         -■ ^..^^^^ät^ummm^ 



mivmmmmwiv  .1 ■»im.» m   wj ijim. .^^..1..;^^^,. , n,. .u.,,^,    n, fmm^mm'min .■•„■..jiniu., .i.,.,»»,-^--, 

■1 - .. 1-, 

Project 3A161102B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE 

Task 03 Human Ecology 

Work Unit 035 Ecology and control of disease vectors and reservoirs 

Literature Cited» 

References; 

1. Eldrldge, B.F., Bailey, C.L. and Johnson, M.D.: A preliminary 
study of the seasonal geographic distribution and overwintering of 
Culex restuans Theobald and Culex salinarius Coquillett (Diptera: 
Culicidae). J. Med. Entomol. 9: 233-8, 1972. 

2. Kawai, S.:  Studies on the follicular development and feeding 
activity of the females of Culex tritaeniorhynchus with special reference 
to those in autumn. Trop. Med. (Japan) 11: 145-69, 1969. 

3. Manslngh, A.: Physiological classification of dormancies in 
insects. Can. Entomol. 103: 983-1009, 1971. 

4. Oda, T.: On the effect of the photoperiod and temperature on 
the feeding activity and follicular development of Culex pipiens pallens 
females. Trop. Med. (Japan) 13: 200-4, 1971. 

5. Saugstad, E.S., Dalrymple, J.M. and Eldrldge, B.F.: Ecology of 
arbovlruses in a Maryland freshwater swamp. I. Population dynamics and 
habitat distribution of potential mosquito vectors. Am. J. Epidemiol. 
96: 114-122, 1972. 

6. Sells, A.: Rela;lone della campagna antianofellca de Flumlcinc 
(1919) con speciale riguardo alia blologica degli Anofell ed Anofeli 
infetti. Ann. Iglene 30, Suppl. 85, 1920. 

304 

—--  • - - irmäil tWiifHrn-liiiii Mt-nMitMiMitimtamam^^M 



^mn^^ri0^mi^'^i^^-^^K^^^-^V'.mmmmW'^M}.^i'L.-l''mm.  " ■■^■.^fiisMi<<Wiw^^ , 

ltBPttrf'r.\Vfu^-Jt 

Publications; 

1. Eldrldge, B,F,; Louse control In the United States Armed 
Forces, p. 137-40 in Proc, Int. Synp. Control Lice and Louse-borne 
Diseases. Scl. Publ. 263, PAHO, Wash. D.C, 1973, 

2. Eldrldge, B.F.: Repellents and Impregnants for the control of 
body lice. Ibid. p. 177-8. 

3. Eldrldge, B.F.: The use of chemosterHants and genetic manipula- 
tion to control lice. Ibid. p. 251-2. 

4. Harrison, B.A., Reinert, J.F., Saugetad, E.S., Richardson, R. 
and Farlow, J.E.: Confirmation of Aedes taenlorhynchus In Oklahoma. 
Mosq. Syst. 5: 157-8, 1973. 

5. Hochman, R.H. and Reinert, J.F.: Undescrlbed setae In larvae 
of Cullcldae (Dlptera). Mosq. Syst. 6: 1-10, 1974. 

6. LeDuc-, J.W.s Distribution of potential mosquito vectors In 
the Imperial Valley, California, 1971-2. Mosq. News 33: 594-9, 1973. 

7. Reinert, J.F.: Contributions to the mosquito fauna of Southeast 
Asia.-XVII. A reconsideration of Dlceromyia Theobald with the Inclusion 
of Aedes nummatus Edwards and Aedes pseudonumnatus new species (Dlptera: 
Cullcldae). Contrlb. Am. Entomol. Inst. 10: 22-40, 1973. 

8. Reinert, J.F.: Contributions to the mosquito fauna of Southeast 
Asia.-XIX. ßothaella, a new subgenus of Aedes Melgen. Contrlb. Am. 
Entomol. Inst. 10: 1-51, 1973. 

9. Reinert, J.F.: Aedes consonensls, a new species of the subgenus 
Neomacleaya from South Vietnam (Dlptera: Cullcldae). Mosq. Syst. 5: 
157-8, 1973. 

10. Reinert, J.F.: Terminology and preparation techniques of the 
female genitalia of aedine mosquitoes (Dlptera: Cullcldae). Mosq. Syst. 
6: 46-56, 1974. 

11. Schiefer, B.A., Williams, J., Neal, T.J. and Eldrldge, B.F.: 
Laboratory flight studies with Anopheles stephensi Listen (Dlptera: 
Cullcldae). J. Med. Entomol. lOj 436-9, 1973. 

12. Sunthorn, S,, Eldrldge, B.F., Gallndo, P., Young, D.G., and 
Gerhardt, R.R.j A Survey to assess potential human disease hazards 
along proposed sea level canal routes in Panama and Colombia. V. Arbo- 
virus infection In non-human vertebrates. Mlllt. Med, 139; 449-53, 1974. 

13. Ward, R.A. and Downey, J.C.: Checklist of the Mallophaga of 
Midway Atoll, Pacific Ocean. J. Med. Entomol. 10: 391-6, 1973. 

305 

i I-1-J^ÜV^...J.- iiiilia'iiiüa'TiiT   iriiiiiiiMiiiiiriiiNi irri   ' imma^m* - u ■:.J-^..-^-, ■    - -, nmm~.Mm^^mum. ,„„,, 



P^M^IMUl.WHta'WÄW'**111 »'%"^~-^ j---?-!---r^^iiji.ij. iPiPfKnv'j.ivi.avfiiri-^^raT^k--»1.'"-  ',^^rTJ>I!»rn?HW!^»fVIW«™iW,^Wr>'!",J'"r^'"' '    iT»n!m™>T?r»r'^ 

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 

U 

I. AMKV ACCK 

DA OA 61+38 
£ DATI OP «MMMÜr 

7^ 07 01 
urojrr coornoL mraoL 

». DATt PMV ttWRV 

73 07 01 
«. NINO OP tUMMAAV 

D.CHG 
L ■OAR UCUMTT 

U 
r. MMAOM^ 

NA 
t onrH MiTifH 

NL 
It IMCIFIC DATA- 
COMTRACTOA ACCIU 

G r»        D MO 

I. LIVIL OF MM 

A. «OWC UMIT 

10. MO./COOV«:* FNOOMAM KLCMCNT PMOJICT NUMBKM TASK ANKA NUWOKM 

"Sil02A TKTGTmKm "OST ■> mnMAnv 

C'HFR 
cABiß mm 

'ikibnmnv 
TKT 

"Bjr b. COMTMSUTIHO lw 

^=? It. TITLI (Ptmtuta wtm t—ertif C*—IW^Mi 

(U) Anatomical & Phgisiological Correlates of Brain Function in Stress & Disease 
It. •CIIMTiriC AmO rtCMHOLOaiCAL  ARC*«* 

0021*00 Bioengineering 016200 Stress Physiology 

63 08 
.. ttTWAttO CO.I-LITIO« OAT» 

C0NT 
tf. CON TRACT/OMAN T 

A 0ATU^PFICTIVC4    wfl 

k HUMHM:* 

« TYMi 

11 rUNOtHO AOtHCV 

DA      I 
It. MNPONMAHCt MBtHOO 

C. In-House 
19. MIOUNCBI KITIMATI A PnorcwiOHAL MAN vm     k FUHnnn «MMM*J 

IxmilATIOM: 

A AMOUNTi 

f. CUM.  AMT. 

7h 

75 

178 

178 
W. IIUPONMM.I DOC ONaAMIlATIOH M. PIHPOMMHOOnaAHIlATION 

■AIK* Walter Reed Arny Institute of Research 
Washington, D. C. 20012 

«A«.« Walter Reed Army Institute of Research 
Division of Neuropsychiatry 

"»"•"■•Washington, D. C. 20012 

RtHNCIVAl. INVMTtCATON (rvmlmk UAH II V.M. i 

MIRONMOLI INDtVtOUAL 

NAMO Buescher, COL E. L. 
202-576-3551 TtLtrMOM«! 

"""' Specter, N. H., Ph.D. 
202-576-3^57 TILlRHOwr 

SOCIAL HCUNITV ACCOUNT NUHMN 

AWOCIATK IHVIITIOATONt 

Foreign Intelligonce Not Considered 

mi7i8i8i TMssss BAG* »f» tsssnp vssnrsust zszi W) 

»AM,   Petras, J. M., Ph.D. 
«A«;  Wylle, R. M., Ph.D. DA 

(Uj Neuroanatorny 
(U) Stress (U) Combat Shock;(u) Automccdc Nervous System 

Neurophysiology:  (U) Neuropsychiatry; 
,;  (UjBiomedical Engineering; 

II. TICMHICAt OKJICTIVK,* 14 APPftOACH,   II. PNOOniH tFmmltti ttt0**t* pmtM0f MMIIH.« % mmh*. ^fH.* f*a( .1 —k •!« §*€mltr CfM.IAs.Mn C^a.) 

23. (U) The principal research objectives are to identify the anatomical and 
physiological mechanisms by which the central nervous system maintains vital functions 
during or following physiological stress, disease or trauma in the military environment. 

24. (U) The approaches employed include neurophysiological recording of intracellular anc 
extracellular bioelectric potentials; the descriptive and experimental neuroanatomical 
techniques of light microscopy, electron microscopy and histochemistry.   Tissue culture 
methods permit explanted brain cells to be studied physiologically and anatomically in 
environmentally controlled circumstances. 

25. (U) 73 07 - 74 06 Studies of the corticospinal system were continued.   The findings 
tended to discredit prevailing theories that discrete areas of the motor cortex synapse 
upon discrete spinal loci which control individual  lir* muscles, and that the cortex is 
the site of origin of voluntary movements.   A study was initiated to identify the source 
of gap junctions in the lateral vestibular nucleus using radioactively labelled amino 
acids injected into vestibular ganglion cells.    The morphology of habenular neurons 
was studied to determine whether cells of the nucleus possess reuroendocrine properties 
comparable to other brain neuroendocrine sites.    Research on the anatomy of autonomic 
cell groups was continued.    For technical report, see Walter Reed Army Institute of 
Research Annual Progress Report, 1 Jul 73 - 30 Jun 74. 
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Project 3A16n02B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE 

Task 03 Human Ecology 

Work Unit 036   Anatomical and physiological correlates of brain function 
in stress and disease 

Investigators. 
Principal: 
Associate: 

N. H. Spector, Ph.D. 
CPT Richard C. Howe, MSC; CPT George F. Koob, MSC; 
J. M. Petras, Ph.D.; Andrew T. Pryzbylik; CPT Jorge L. 
Ribas, VC; Maurice E. T. Swinnen; MAJ C. Fred Tyner, MC; 
Richard M. Wylie, Ph.D. 

DESCRIPTION. 

The research program of the Department of Neurophysiology attempts 
to:    (1) provide fundamental neuroanatomical and physiological informa- 
tion, both basic and applied, regarding behavioral functions of the 
limbic system and the physiological and behavioral functions of the 
autonomic nervous system acting to integrate and regulate the body's 
vital functions, particularly as these functions may be related to the 
medical, surgical or psychiatric care of military patients; (2) define 
the environmental or physiological circumstances contributing to or 
causing trauma, stress, disease, and shock; (3) suggest applied methods 
of corrective therapy for stress avoidance and recovery from diseases 
and surgical or medic«. 1 shock.   These studies have applied physiologi- 
cal, neurological, and neurosurgical implications. 

The knowledge and research methods of neuroanatomy, neurophysiology, 
neuroendocrinology, physiology, tissue culture, and experimental psy- 
chology are utilized in the department's studies.    In some cases the 
expertise of one discipline is applied to a particular research task, 
but whenever possible, multidisciplinary approaches are utilized to 
study stress.    The following problem areas are under study: 

Neuroanatomy. 

(1) The functional anatomy of the corticospinal tract; 
(2) Anatomy of autonomic nuclei; 
(3) An ultrastructual study of the medial habenular nucleus; 
(4) jji vitro studies of the hypothalamus-pituitary axis. 

Neurophysiology. 

(1)   Corticospinal system projections; 
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(2) Reticular fonnation receptive fields and projections to 
the cerebral cortex; 

(3) Synaptic transmission in the vestibular nuclei; 
(4) Recovery of function after section of the dorsal roots of 

the spinal cord; 
(5) Electrical activity in the brain related to inhibition of 

movement; 
(6) Biomedical engineering and electronics in support of 

research in military medicine. 

PROGRESS. 

Neuroanatomical Studies. 

Functional Anatomy of the Corticospinal Tract. 

We have continued to study the anatomy of the cortico- 
spinal tract and its relationship to fine motor movements. The findings 
in the California sea lion, Zalophus californianus, follow: 

Cerebral -^rtical ablations made with suction were placed unilater- 
ally in the motor cortex. The resulting fiber degeneration to the 
spinal cord was mapped utilizing the Nauta and Fink-Heimer methods. 
Corticospinal fibers were found bilaterally, in all spinal cord seg- 
ments. The principal descending pathway appears to be located in the 
contralateral lateral funiculus. In cervical, thoracic, lumbar, and 
sacral regions fiber degeneration in the gray matter is: (1) massive 
contralaterally in the external basilar region of the dorsal horn, the 
zona intermedia, and among nucleus proprius cornus ventral is neurons 
located along the dorsal and medial borders of the appendicular moto- 
neuronal cell population; (2) abundant ipsilaterally in the nucleus 
proprius cornus ventralis; (3) abundant bilaterally in nucleus cornu- 
commissuralis dorsalis. Corticospinal fibers appear not to be present 
in the nucleus posteromarginalis (Waldeyer), the nucleus sensibilis 
proprius (substantia gelatinosa of Rolando), the nucleus proprius cornus 
dorsalis, the column of Clarke, the nucleus cervical is central is, and 
the nucleus cervicalis lateralis. 

Additional corticospinal fibers are found among the large somatic 
motor neurons which innervate forelimb and hindlimb skeletal muscles. 
Fewer pyramidal tract fibers appear to be distributed among somatic 
motor neurons which innervate axial skeletal muscles. Comparative 
neuroanatomical observations suggest that the monosynaptic proprioneu- 
ronal and somatic motoneuronal connections in Zalophus more closely 
resemble the motor cortical projections in New World and Old World mon- 
keys and anthropoid apes (Petras, 1968) than the same cortical system of 
carnivores such as the cat, dog, raccoon, and kinkajou (Petras and 
Lehman, 1966; Petras, 1969). 
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The anatomy of the corticospinal system of Zalophus was compared 

with carnivores and primates and reviewed in" the context of the anatomy 
of corticocortical circuitry of the mamnalian cerebral  hemispheres.    An 
approach was developed to explain species-typical movements, graded on a 
hypothetical scale of fixed-action responses to variable-action skilled 
motor behavior. 

Techniques were successfully acquired and applied for the restraint, 
tranquilization and surgical anesthesia of another species of aquatic 
mammal, Phoca vitulina (the Harbor seal).    This species possesses dif- 
ferent habits of ambulation on land and of swimming movements in the 
water.   The results of these experiments are now being analyzed. 

Parasympathetic Nuclear Groups in the Spinal Cord. 

Studies are in progress to determine the nuclei of origin 
for the outflow of the parasympathetic division of the nervous system. 
In man these cells innervate the gastrointestinal  tract distal to the 
splenic flexure and supply efferent fibers which innervate the pelvic 
viscera and the external genitalia.    Axons of the parasympathetic neu- 
rons are selectively cut to produce central chromatolysis of the nerve 
cell body.    The axonal  reaction displayed by the nerve cell bodies will 
permit identification of the nuclei of origin for parasympathetic fi- 
bers.    Some evidence was found which confirms our earlier description of 
a sacral autonomic cell group in the zona intermedia of the rhesus mon- 
key. 

Ultrastructural Study of the Medial Habenular Nucleus. 

As part of a project aimed at understanding the possible 
role(s) of the medial habenular (MH)    nucleus in neuroendocrine and vis- 
ceromotor functions, a descriptive scanning (SEM) and transmission (TEM) 
electron microscopic study was undertaken in the rat.    By SEM, the epen- 
dymal surface contained regularly spaced cilial  tufts interspersed with 
microvilli and a network of cylindrical processes with varicosities. 
Correlative TEM showed that these processes were unmyelinated nerve fi- 
bers making synaptoid contacts with ependymal cells.    The subependymal 
region contained:    1) capillaries and fine neuropil surrounded by glial 
processes; 2) MH neurons in direct apposition with ependyma; and 3) oc- 
casional cisternae with homogeneous electron dense centers.    Large and 
small neurons were found.    Their cell bodies were arranged in glomeruli 
with a central neuropil.    Neighboring cell bodies were either in direct 
apposition or separated by glial processes.    This glomerular arrangement 
was more evident in myelin free areas.    The neuronal  nuclei  had a polar 
invagination facing the origin of the dendrite.    Each nucleus contained 
a prominent nucleolus and a homogeneously dispersed karyoplasm.   An ex- 
tensive Golgi apparatus faced the region of nuclear infolding.    Numerous 

309 

mm   - ^^^gjin^nBHtv ^j..^^^..,,.. ■■>. .-.■.^__l_^.-_ ..■_  .,;—. ...,...^. *ätM 



fPBiPigg^W^iy^^|PPp»lBW.Wi^iTW'"ik.-wl"'W.'»-'»«P^^iJ'.www,i' u.!  »■ u ..w»^|i»J..'u^i.»iijw<.M'\«iAUiJ.ii»,i.wRiiiLPW:,4t.yffw.iiwB»Jii^ -nfHtpim 

smooth and coated vesicles were associated with Golgi cisternae.    Lyso- 
somes and multivesicular bodies were comnon.    Large neurons had moderate 
stacks of rough endoplasmic reticulum (RER).    In small neurons, the RER 
was dispersed in the perikarya.    The neuropil consisted of oligodendro- 
glial, fibrous astrocytic and neuronal cell processes with axo-dendri- 
tic, dendro-dendritic and axo-somatic synapses.    The sub-junctional 
dense bodies reported by Milhaud and Pappas (1966) in the cat MH nucleus 
were not observed. 

In vitro studies of the hypothalamic-pituitary axis. 

Hypothalamic explants and pituitary tissue of newborn rats 
have been maintained for up to 30 days.    This in vitro model will be 
used to study neuroendocrine events, particularly the trophic influences 
of the median eminence upon the development and differentiation of endo- 
crine tissue. 

Neurophysiology. 

Corticospinal system projections. 

During the past year, the first part of a combined anatomy 
and physiology project on the cat corticospinal system was completed and 
published (Tyner, 1974).    This work involved making very discrete le- 
sions in the somatic sensorimotor cortex of cats and tracing the axons 
and terminals in the spinal  cord, using silver stains.   A substantial 
body of earlier work had suggested that the corticospinal  pathway in mam- 
mals is organized very discretely, and that this pathway can serve as a 
"voluntary" motor pathway which, among other things, exerts control over 
individual muscles.    The present study has thus far yielded the rather 
surprising conclusion that the corticospinal axons arising from even a 
very restricted part of cortex distribute their terminals over a remark- 
ably wide part of the cord.    These findings may necessitate partial re- 
vision of the earlier views of the corticospinal system's organization 
and function. 

Reticular formation receptive fields and cortical  projections. 

Data collection for thii single-neuron electrophysiologi- 
cal study in the cat has continued successfully.    The preliminary re- 
sults demonstrate: cells in the medullary reticular formation are 
sensitive to gentle mechanical stimulation of large body areas, but for 
each cell there is a peripheral area of particular sensitivity; cells in 
the reticular formation are organized in a dorsal-ventral  fashion, with 
the ventral cells most sensitive to contralateral body stimulation, and 
the dorsal cells to ipsilateral body stimulation; and that the majority 
of these cells probably cannot serve as inputs to cells of the motor 
cortex. 
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Substantial progress has been made in development of the computer 
system for storage and analysis of single-neuron data and the data base 
from this study and others. 

Synaptic Transmission in the Vestibular Nuclei of the Rat. 

Previous data from this laboratory indicate that in the 
rat, at least some vestibular afferents are electrically coupled to 
their target cells in the vestibular nuclei (Wylie, 1973).   This implies 
that axonal terminals forming gap junctions with cells of the vestibular 
nuclei (Sotelo and Palay, 1970) must originate from vestibular affer- 
ents.   However, lesions of the vestibular ganglion are reported not to 
cause degeneration of the gap junction-bearing terminals (Sotelo, per- 
sonal coimunications).   The apparent discrepancy between the anatomical 
and electrophysiological observations may indicate that the anatomical 
or physiological results are wrong, or that the gap junction plays a 
special role in allowing the terminals to survive after they have been 
severed from their parent cell bodies.   To test this latter hypothesis, 
we are beginning a study to resolve the question of whether gap junc- 
tions are formed by vestibular afferents.   We plan to label the termi- 
nals with a tritium label by injecting the label into the vestibular 
ganglion.   We will use the technique of electron microscopic autoradi- 
ography to determine whether the label is fourid in terminals with gap 
junctions or in terminals which do not form ga,) junctions.   We have thus 
far obtained electron micrographs of the norr.a1 vestibular nuclei and 
have confirmed the presence of terminals with flap junctions.   Wn are 
currently working out the approach to the injection of the radioactive 
label and in the near future expect to carry out the autoradiography. 

Recovery of Function After Section of Dorsal Roots of the 
Spinal Cord. ~     " ~     -— —— ~ " 

Our earlier study (Wylie et al_., 1973) indicated that the 
recovery of function after bilateral section of the dorsal roots inner- 
vating the limbs of a monkey does not depend upon regeneration of the 
dorsal roots.   We are now investigating fie physiology of synaptic 
transmission between the corticospinal tracr and motoneurons.   We have 
found that stimulation of the corticospinal i^act in chronically deaf- 
ferented monkeys is capable of activating lanie pools of motoneurons, in 
spite of the absence of facilitating influences from the periphery. 
These findings may indicate that the loss ot ^ripheral afferents conse- 
quent to dorsal rhizotomy is followed by collateral sprouting of pyram- 
idal tract fibers.   One of the events underlying the recovery of 
function in these animals may then be a shift in control of motoneuronal 
activity from the influences of peripheral afferents to those of the 
corticospinal system.   The motoneuronal response to corticospinal stimu- 
lation in deafferented monkeys is at least as large or perhaps larger 
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than that obtained from normal animals. 

The recent report (Coggeshall et aj_., 1973) that there are large 
numbers of unmyelinated fibers of presumed afferent function in the ven- 
tral roots raises a fundamental question of whether these presumed af- 
ferent fibers may provide important proprioceptive feedback which may 
contribute to the recovery of function following dorsal  rhizotomy.   We 
have begun a study of motor skills in normal monkeys, using an arm flex- 
ion task to obtain baseline data with which to compare the motor skills 
of deafferented monkeys.    By altering the performance requirements, we 
will observe whether the motor performance breaks down when the task re- 
quires peripheral feedback from the performing limb.    This will allow us 
to determine whether the presumed ventral  root afferents provide the 
central  nervous system with information about muscle tension, fatigue, 
length or other parameters of the motor performance. 

Electrical Activity in the Brain Related to Inhibition of 
Movement. 

Studies have continued to determine the role of the cere- 
bellum in inhibiting movement.   Olivocerebellar fibers are stimulated 
while simultaneously recording climbing fiber evoked potentials from the 
cerebellar cortex.   These bioelectric potentials are recorded from cats 
which are asleep, awake but motionless, and awake and ambulating. 

A FABRI-TEK, Model FT-1050, signal averager was incorporated into 
the existing system to enhance the resolution of the averaged evoked po- 
tentials.   The raw data were collected in the form of evoked potential 
plots which were recorded via an x-y plotter.    Two papers describing the 
instrumentation for this project are in preparation for press.    In addi- 
tion, a third paper, "A System for Biofeedback Conditioning of Electro- 
encephalograpic Activity"  (A. T. Pryzyblik and R. C. Howe), has been 
accepted for publication (J. Med. Biol. Eng., 1975). 

Biomedical  Engineering and Electronics in Support of Research in 
Military Medicine. 

In our biomedical engineering laboratory, during the reporting 
he following projects were completed: 

(1) An AC power alarm to indicate power failure and to 
interrupt that particular circuit, so that when power is reinstated, 
measures can be taken by the operator to protect the instruments on that 
circuit against the sudden inrush of current. 

(2) A digital  designing aid for our own electronics labo- 
ratory.    The device is a quick-connect breadboard system to be used in 
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the design of digital circuits.    It contains its own signal source and 
power supply. 

(3) An analog designing aid.   A breadboard similar to the 
description in (2) above, but for analog circuits.    It contains a plus 
and minus 15 volts power supply and a signal source. 

(4) Modification of 18 Gerbrandts cumulative recorders to 
prevent inductive spikes caused by in and out switching of the motor to 
get into solid state programning equipment and causing logic errors. 
The special circuit, consisting of two Triacs, was developed in the 
electronics laboratory.    The circuit works on the principle of sensing 
when the AC current goes through zero and then, and only then, allowing 
the motor to be switched.     The method is highly effective and fool- 
proof. 

(5) A DC lesion maker.    To replace a tube-type model, a 
solid state model was developed.    Subsequently, several models were 
built, every one smaller in size, taking into account the limited space 
available in an operating room.    The last model is powered by recharge- 
able batteries, thus avoiding dangling cords and increasing operating 
safety. 

(6) A ten-channel  constant-current AC stimulator.    Our 
formerly developed six-channel stimulator was copied in a ten-channel 
version.    The device allows ten animals to be run simultaneously, each 
channel current regulated, sharing one meter. 

(7) An input-output panel for the PDP 8/E computer. 

(8) A strain gauge to measure respiration of small ani- 
mals.   The animal has a belt attached to its chest.   The belt contains a 
strain gauge, which will bend according to expansion and contraction of 
the chest. 

(9) A device to detect the small distances between an 
electrode and the skull of an experimental animal during surgery.    For- 
r.erly, this distance had to be evaluated optically, resulting in many 
bent and destroyed electrodes.    The electrical method gives a more reli- 
able forewarning of immediate approach. 

(10) Design, construction and installation of pump con- 
nection alarms for ten baboon chambers.    During cleaning of the baboon 
chambers or even due to violent movement of the baboons themselves, the 
electrical connection to their injection pump systems often was disa- 
bled, resulting in interruption of the ongoing experiment.    This inter- 
ruption went unnoticed by the researcher and showed up only after a data 
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analysis.   A buzzer and a flashing light now warn the researcher in case 
of electrical connection failure. 

(11) On the data collection device for the Department of 
Neurophysiology, nine component cards were built.    For one card, a 
printed circuit is in preparation, as it is envisioned to build ten or 
more copies of this particular component card.   On unique cards, it is 
not economically feasible to develop a printed circuit.   Three card 
cages have been prepared as part of a test set-up consisting of an os- 
cilloscope, a test generator, and various power supplies. 

(12) A four-channel electronic system was designed for 
recording deep body temperature in rats. 

(13) Preliminary work has been initiated on the design 
and construction of a system for recording EEG and other physiological 
variables in the laboratory rat.   An electrical noise-free environmental 
chamber and a recording device have been incorporated in the system. 

, 

314 

'fc*~ ^^uii^-^^ mMi n - - n   IIIIHM"— 



BP^q^lip^WPWW^^l)*.'W-#l^w.i^'^^w^ i<  jiy..ij.>,»jj'H>.M'i«y3™ywMWWff.^»^i.Ji;»'!ii'.w»'juiw r^r^T' 

Project 3A16n02B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE 
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Work Unit 036   Anatomical and physiological correlates of brain 
function in stress and disease 
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23. (U)   Principal objective is to study the integrating influences of the central nervous 
system in controlling and coordinating the organs of the body and their metabolic functions 
under environmental ^nd emotional stresses which are likely to produce casualties due to 
psychiatric or psychosomatic disease. 

24. (U) This involves measurement of plasma and urinary hormone levels in humans and 
monkeys in a variety of acute and chronic stress situations. One important conceptual ap- 
proach is that the organization of endocrine regulation can only be understood by viewing 
"overall" hormonal balance, or multihormonal patterns. A second approach requires inten- 
sive study of individual endocrine systems in order to establish the significance of multi- 
hormonal patterns for the individual exposed to stress. Continuous updating of endocrine 
assay methodology is also required. 

25. (U)   73 07 - 74 06  Collaborative studies of physical stress with ARIEM (Natick) have 
continued.   Marked and consistent plasma testosterone elevations have been observed during 
heavy muscular exertion.   Preliminary observations also suggest elevated androgen excre- 
tion as a function of long-term physical training.   Studies of heat stress indicate no elevation 
in urinary 17-OHCS levels.   Urinary epinephrine and norepinephrine are also not elevated. 
These data strongly suggest a need to reexamine generality of these measures as indicators 
of stress as it is generally conceptualized.   For technical report see Walter Reed Army 
Institute of Research Annual Progress Report, 1 Jul 73-30 Jun 74. 
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Project 3A16n02B7lP  BASIC RESEARCH IN SUPPORT OF MILITARY 
MEDICINE 

Task 03 Human Ecology 

Work Unit 037 

Investigators. 
Principal: 
Associate: 

Influence of stress on hormone response, performance 
and emotional breakdown in military personnel 

John W. Mason, M.D. 
MAJ Scott E. Monroe, MC;  Edward H. Mougey, M.S.; 
Frances E. Wherry, A.B.; David R. Collins, B.S.; 
Lee L. Pennington, S.S.; Jennette McOeary, B.S. 

Description. 

This program is concerned primarily with ine role of the central nervous 
system in the control and especially the coordination of endocrine regu- 
lation.   As this program has gradually developed, some general concepts 
have emerged which appear to have major and far-reaching implications 
for the field of stress research.   Included among such concepts which 
have been particularly important in opening up productive new avenues 
of stress research are:   1.) The neuroendocrine apparatus represents a 
third effector system of the brain (along with the autonomic and skeletal- 
muscular systems) providing sensitive and objective reflections of 
central integrative processes, such as emotions and psychological de- 
fenses, which are of key importance in human performance under stress, 
but which have so far been extraordinarily difficult to bring under 
rigorous experimental investigation.   2.)   There is now serious doubt 
concerning the validity of Selye's "non-specificity" concept in stress 
theory, because of considerable recent research indicating that psycho- 
endocrine reactions are frequently and inadvertently elicited during 
experiments designed for the study of physical stimuli.   There is a 
pressing need, therefore, for a thoroughgoing reevaluation of past 
research on neuroendocrine responses to the physical stresses, with 
closer scrutiny of independent variables and special attention to the 
possible contamination of physical stress experiments by psychoendo- 
crine reactions reflecting attendant discomfort, pain, or emotional 
reactions.   Our recent studies of muscular exertion, fasting, and heat, 
for example, indicate that erroneous conclusions concerning the effects 
of these stimuli upon neuroendocrine systems are likely to be drawn 
unless rigorous and systematic efforts are made to evaluate and to 

318 

UMi 
^-^^U.^,,..^:..     '.*. lüiliiüiü I        -  - ^ 

  L&lk^muimkmt   - 



^^^^^^^^^^■MIJIU.I ll,.l[ LI. 11.11^^—— ^ ..III.,. ,[,1.11.1 JilUl.  I.        U^.,,.,..^,...,.. ., 

^ minimize interfering psychoendocrine reactions.   3.)   While It has long 
been the prevailing practice in stress research to study isolated endocrine 
systems, usually one at a time, it is increasingly clear that the many 
neuroendocrine systems are closely interdependent in their functions 
and that a key to the understanding of the principles underlying the 
integration of these systems lies in the study of relative changes between 
interacting endocrine systems, as manifested in the organization of 
patterns or profiles of multiple hormonal responses to various stressful 
stimuli.   In recent years, we have learned that relatively distinctive, 
broadly organized patterns of hormonal changes, involving many hormones 
in addition to those of the adrenal systems, occur in response to various 
types of psychological and physical stress.   A major immediate goal, 
therefore, is to define as conclusively as possible the characteristic 
hormone response profiles for various stressful stimuli, with principal 
emphasis on psychological stimuli, but also including exercise, heat, 
cold, fasting, hypoxia, infection, and other physical stimuli encountered 
in military stress situations.   Such basic knowledge of the organization 
of integrative machinery is an essential foundation for more complex 
neuroendocrine approaches to the study of stress-related clinical and 
field problems concerned with such parameters as endurance, fatigue, 
host resistance, performance, and the pathogenesis of some psycho- 
somatic disorders.   It is clear that this approach logically must move 
eventually through a series of successive stages, beginninc with 1.) 
basic definition of response profiles for the various stressful stimuli, 
2.) determination of the degree of response profile specificity for diverse, 
discrete stimuli, 3.) evaluation of factors which determine response 
profile priorities when there are various natural admixtures of multiple, 
concurrent stimuli, 4.) evaluation of the physiological significance of 
differing neuroendocrine response profiles by extending the approach 
to the concurrent study of their metabolic or physiological concomitants 
or consequences, and 5.) evaluation of the degree to which both acute 
and chronic hormone response profiles may be adaptive or maladaptive. 
It is evident that each of the above projected stages in the development 
of this conceptual approach is in large measure dependent upon establish- 
ment of prerequisite knowledge in the preceding stage, so that the 
stages must generally best be pursued in logical sequence.   Our efforts 
at present, therefore, are still largely limited to the sizeable task in- 
volved in just the first two stages of this approach.   The amount of stress 
response profile data accumulating, however, is already quite substantial 
and is providing an increasingly useful basis for the clarification and 
revision of stress concepts, as discussed in some detail in a recent 
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overview of our approach currently in press (Toronto Neuroscience 
Symposium).   During the past year, a major portion of our effort has 
been devoted to continued collaboration in physical stress with the Army 
Research Institute for Environmental Medicine (ARIEM) at Natick, MA. 
Developmental work has also continued on new or refined hormone assay 
procedures in order to provide the necessary, up-dated methodological 
foundation for this stress research program. 

Progress 

1.  Organization of Neuroendocrine Responses to Psychologicai Stress 
Profile of Acute Hormonal Responses to Capture and Chair Restraint 
in Monkeys:   The development of highly sensitive and reliable new 
methods for the measurement of plasma levels of certain hormones has 
now made possible, for the first time, in our laboratory, the study of a 
relatively detailed profile of neuroendocrine responses during acute 
emotional reactions.   The selection of hormonal indices, in our research 
program is based primarily on the rationale that it is logical in the study 
of neuroendocrine organization to begin with endocrine systems that 
have well-established neuroendocrine linkages, that is, systems in which 
endocrine cells articulate with nerve cells, either via neural or neuro- 
humoral connections.   The battery of methods used in this study includes 
those for the measurement of plasma cortisol, epinephrine, norepinephrine, 
total thyroxine, thyrotropin, testosterone, growth hormone, insulin, 
prolactin, and glucagon.   Chair restraint and capture was selected as a 
particularly suitable situation for response profile study, since previous 
research with the adrenal systems had shown it to be an especially potent, 
reliable, and convenient psychoendocrine stimulus.   Following a period 
of at least one week of cage housing in a quiet, stable environment, 
monkeys were captured as rapidly as possible and blood samples obtained 
by saphenous venipuncture at intervals of 1, 3 and 5 minutes.   The 
monkey was then installed in the restraining chair and additional samples 
obtained at 20, 40 and 60 minutes, 2, 4, 6, 2U and 48 hours.   Results are 
largely complete on four monkey studies so far as follows:   Plasma cortisol 
levels show about a three-fold elevation, peaking usually between 4 to 6 
hours after restraint onset.   Plasma TSH levels show nearly a two-fold rise 
in the first hour and tend to remsin elevated thru the second day.   Plasma 
thyroxine levels rise more slowly to about a two-fold elevation at the 
48-hour point.   Plasma growth hormone levels show a greater than 
fifteen-fold elevation with a peak at about 40 minutes, followed by a 
fairly sharp decline towards baseline values.   Plasma prolactin levels 
also appear surprisingly labile, showing about a four-fold increase 
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with a peak usually at 20 minutes.   In one monkey studied so far, plasma 
glucagon levels proved even more responsive, rising from 300 to 1300 
pg/ml in 5 minutes, remaining near 1500 pg/ml for the first 6 hours, 
before declining close to the baseline at 24 hours.   Plasma testosterone 
levels, after a mild and brief initial rise, show a rather slow decline over 
the first 24 hours and remain about 70% to 80% below pre-restraint base- 
lines for at least one week.   Plasma insulin levels tend to be suppressed 
at the 4- to 6-hour points, with a tendency towards brief elevations during 
the first hour in some instances.   In general the overall pattern of 
acute neuroendocrine responses observed following capture and chair 
restraint is closely similar to that observed earlier in conditioned 
avoidance experiments and chair restraint experiments which were of 
longer duration and dependent largely upon 24-hour urinary hormonal 
excretion measurements.   In these earlier studies it was difficult to 
evaluate in some instances the extent to which such factors as altered 
food intake, altered sleep patterns, prolonged postural changes, or 
altered muscular activity might have been determinants of the neuro- 
endocrine response pattern along with psychological factors.   The present 
study, however, using plasma hormone measurements during the initial 
minutes and hours of restraint, before the above non-psychological 
variables become significant factors, provides a much stronger basis 
for interpreting these data as representing primarily a psychoendocrine 
response pattern.   The data on prolactin and glucagon provide some of 
the most striking data available so far, particularly with regard to control 
of non-psycho log leal variables, which indicate that these two hormones 
should be included among the growing assemblage of hormones which are 
sensitively responsive to psychological stimuli.   Finally, control 
experiments incorporated in this study include experiments in which 
blood samples were taken by saphenous venipuncture on exactly the same 
schedule after one month of restraint and three subsequent control 
experiments performed in each monkey at weekly intervals in which blood 
samples on the same schedule were withdrawn remotely through chronic 
indwelling venous catheters in order to minimize psychological disturbance 
of the monkeys.   Hormone analyses on these control experiments are still 
in progress. 

2.  Organization of Neuroendocrine Responses to Physical Stress . 

a.   Profile of Acute Hormonal  Responses to Heat Exposure in 
Human Subjects:   Earlier pilot neuroendocrine studies of heat exposure 
in monkeys indicated that heat per se elicits a distinctive pdttern of 
neuroendocrine responses in which the pituitary-adrenal cortical system 
is suppressed rather than stimulated, ds was thought on the basis of 
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early experiments in the stress field.   In order to pursue these observa- 
tions to a more conclusive level, a collaborative study with Dr. John 
Maher at ARIEM in Natick, MA, has been conducted in which neuroendocrine 
measurements were made before, during, and after 3-hour periods at 
exposure at four different ambient temperature levels:   740F (Control), 
95 F, 100oF, and 105oF in a group of 8 normal young men.   Experiments 
were performed at weekly intervals and relative humidity was maintained 
constant at 50%.   Measures employed to minimize or evaluate possible 
interfering psychoendocrinc reactions were:   1.) "Sham," or pre- 
experimental, exposure to the experimental setting and procedures, 
excluding heat exposure, on an occasion during the initial week, in order 
to minimize well-known novelty effects during the subsequent heat 
experiments;   2.) Gradual temperature change from 7U0F to the respective 
heat exposure levels over a 30-minute period, in order to avoid sudden 
discomfort effects apparent in our pilot monkey experiments;   3.) The 
use of indwelling venous catheters to avoid repeated venipuncture and 
the allowing of a two-hour recovery period from possible psychoendocrine 
reactions to I.V. catheter insertion, which were sometimes observed in 
earlier exercise studies in human subjects;   4.) Multiple blood samples 
at intervals during the hour Immediately prior to onset of heat exposure 
in order to assess possible anticipatory psychoendocrine reactions to the 
impending procedures, again as were often observed in previous 
exercise studies in human subjects. 

Hormonal measurements completed so far have yielded the following 
findings.   First, on the basis of successive 3 hour urine samples collect- 
ed before (0800-1100 hours), during (1100-1400 hours) and following 
(1400-1700 hours) heat exposure, it is clear that there is no 17-hydroxy- 
corticosteroid elevation in relation to heat exposure under these 
conditions.   At all three heat exposure levels, mean urinary 17-OHCS 
levels were lower than during the control experiment at the 740F level. 
Urinary epinephrine and norepinephrine also consistently showed the 
same tendency to be mildly suppressed during all three levels of heat 
exposure.   Urine volume was not decreased during heat exposure because 
of a liberal water intake schedule designed to minimize the significance of 
residual urine in the bladder following voiding at sample close-out times. 
These findings add substantial additional support to our growing body of 
data indicating that the "non-specificity" and "general adaptation syn- 
drome" concepts formulated by Selye are probably erroneous and that 
neuroendocrine responses are organized on a considerably more specific 
or selective basis, depending upon the nature of the "stressful" stimulus 
in question.   These results do appear to fit generally with Cannon's view 
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of the homeostatic principle of bodily organization from which it might 
be predicted that levels of a thermogenic hormone such as epinephrine, 
for example, should not be increased at a time when homeostatic needs 
would presumably be best served by mechanisms promoting either in- 
creased loss of body heat or decreased production of body heat.   It 
should be pointed out that the graded heat exposure levels used 
in this study produced the expected graded increases in body tempera- 
ture, ranging up to a mean rectal temperature of 100.20F at the 10SoF 
ambient temperature level.   Plasma hormone analyses in the study are 
still only partially complete and permit only a few general ccnments at 
this point.   There appears to be a tendency for most of the trends ob- 
served in different hormonal levels so far to be relatively nild, whether 
they are in the direction of elevation or suppression.   Plasma testosterone 
determinations so far suggest a mild and rather consistent elevation at 
the two higher heat exposure levels.   However, some occasional instances 
in which elevations of testosterone levels during the pre-exposure period 
or following difficulty with I.V. catheters have also occurred suggesting 
that psychoendocrine reactions unrelated to heat itself could conceivably 
be occurring in this situation and that this possibility should be care- 
fully considered in evaluating the relationship of heat to testosterone 
secretion.  When completed, our data will permit evaluation of a profile 
of neuroendocrlne responses to heat which includes plasma cortisnl, 
thyroxine, TSH, testosterone, growth hormone, prolactin, and Insulin 
levels, in addition to urinary 17-OHCS, epinephrine, and noreplnephrine 
levels.   Plans are currently In progress with Dr. Maher to extend our 
heat exposure studies to the study of heat acclimatization so that we will 
have a view of the organization of neuroendocrlne responses to both 
acute and chronic heat exposure.   Acclimatization studies present greater 
technical difficulties, but are of considerable interest in relation to field 
stress research of heat-related medical or performance problems. 

b.   Profile of Acute Hormonal Responses to Muscular Exercise 
in Human Subjects:   Although most of the major findings in this study 
have been reported previously, some additional parameters have been 
explored during the past year, since frozen plasma is still available from 
these experiments.   A striking finding in this study was the discovery 
of marked and consistent elevations in plasma testosterone levels during 
3 hour bicycle ergometer sessions in normal young men performing at 
40% and 70% maximal oxygen uptake workload levels.   MAJ Monroe has 
recently made further studies of the plasma LH and FSH levels in these 
experiments and finds that the gonadotropins do not rise as might be 
expected in view of the testosterone elevations.   This observation is 
similar to several others in the literature in indicating that a dissociation 
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of LH and testosterone levels can apparently occur.   Additional work is 
needed to evaluate this finding, particularly to determine whether the 
explanation may be related to such factors as differing dynamics between 
the two hormonal response curves requiring a different blood sampling 
schedule for each, or inadequate specificity of the LH radiolmmunoassay, 
or simply elevation of testosterone levels through some mechanism other 
than LH stimulation.   It is also hoped that some plasma prolactin and 
plasma glucagon data may yet still be gleaned from this study to extend 
the scope of the neuroendocrine response profile defined so far. 

3. Neuroendocrine Responses to Electrical Stimulation of the Brain 
in Monkeys:   To gain further insight into the neural mechanisms respon- 
sible for alterations in hormonal balance, a study utilizing electrical 
stimulation of the brain has been initiated.  Although this laboratory has 
clearly demonstrated that a variety of physical and psychological stresses 
can alter hormone balance, little information regarding the neural path- 
ways responsible for these hormone changes in man or non-human 
primates is available.   As an initial attempt to identify some of these 
pathways, bipolar electrodes were chronically implanted in the hypo- 
thalamus and amygdala of rhesus monkeys.   These two sites were selected 
for our first studies because of the role presumably played by the 
hypothalcimus in the synthesis of releasing factors and the known connect- 
ions between the amygdala and the hypothalamus. 

Results obtained to date are incomplete because many of the hormone 
measurements have not been completed and anatomical verifications of 
electrode placements have not been made.   Electrical stimulation of the 
hypothalamus and amygdala in some instances has resulted in marked 
increases in plasma growth hormone concentration with only minimal 
changes in plasma prolactin levels.  Conversely, one animal following 
electrical stimulation of the hypothalamus showed increased serum pro- 
lactin concentrations with no change in serum growth hormone levels. 
These data suggest that growth hormone and prolactin may be regulated, 
in part at least, at different neural loci.   Serum luteinizing hormone in 
these same studies has shown little change after electrical stimulation. 
Serum testosterone and cortisol levels have not yet been measured. 

4. Developmental and Methodological Research. 

a.   Steroid Radiolmmunoassay Development:   During the past year, 
radiolmmunoassay for plasma testosterone, which has been used for 
human samples, was modified so that rhesus monkey testosterone con- 
centrations could be measured.   This modification was necessitated by 
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the low plasma testosterone level observed in many monkeys, and con- 
sists of purification of the plasma sample by LH-20 column chromatography 
prior to quantitation in the radioimmunoassay. 

In order to improve our radioimmunoassay capability, rabbits have 
been immunized with three conjugates:   testosterone-! 1   -bovine serum 
albumin, estradiol-1 IB-bovine serum albumin, and estrone-1 IB-bovine 
serum albumin.   Animals immunized with these derivatives have, on 
occasion, produced highly specific antibodies which have been used in 
radioimmunoassay methods. 

b.   Polypeptide Radioimmunoassay Development:   The radioimmuno- 
assay for hu.nan prolactin described last year has required additional 
developmental work.   Through the use of milder iodination conditions 
as well as extensive purification of the radioactively labeled prolactin, 
a number of difficulties which were encountered have been alleviated. 
In addition, this radioimmunoassay system has been validated for the 
measurement of rhesus monkey prolactin. 

c.   Plasma Insulin and Growth Hormone: Refinement of the methods 
This involved the test- for insulin and growth hormone was undertaken 

ing of new insulin antibodies which would give equal or better sensitivity 
and specificity than the existing antibody and testing a double isotope 
method which would combine both insulin and growth hormone determina- 
tion in the same radioimmunoassay and modifying a computer program for 
the calculation of the data. This permits a saving of the amount of plasma 
required to perform the assay and reduces the counting and bench work 
time in half. 

d.   Plasma Clucagon:   Since a suitable 1-125 glucagon preparation 
was not commercially available, procedures for the labeling of glucagon 
were developed using the Chloramine-T method and purifying over a 
sephadex column.   For purposes of comparisons, five different 1-125 
glucagon labelings prepared by another investigator, Anne Eisentraut, 
Dallas, TX, were compared with our preparations.   This helped also in 
establishing sensitivity and cross-reactivity to six different glucagon 
antibodies prepared previously in our laboratory.   A search is underway 
for a highly specific, sensitive and higher titer glucagon antibody.  We 
have on hand an antibody which was prepared in rabbits to beef-pork 
glucagon with a titer of 1:100.   Therefore, two purified antigens, one 
derived from pork and the other a mixture of beef-pork are being employed 
for immunization.   Rabbits are immunized by multiple intracutaneous 
injections of antigen emulsified in complete Freund's adjuvant.   Each 
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animal receives 750 micrograms of antigen every 6 to 8 weeks.   The 
rabbits are bled every two weeks and the blood tested for antibody 
production. 

e.  Cortisol:   A unique BSA conjugate of cortisol was synthesized. 
This was effected through the 3 position using the carboxymethoxime 
intermediate.  Antibodies produced in rabbits against this material were 
tested for titer and specificity.   The purpose of this was to develop a more 
specific assay for plasma cortisol than has been previously reported. 
These antibodies proved to be no more specific than those raised against 
the cortisol-21-BSA conjugate which are commercially available.   A 
radioimmunoassay procedure for the measurement of plasma cortisol was 
developed and set up using commercially available antibodies raised 
against the cortisol-21-BSA conjugate.   Efforts are underway to produce 
our own supply of cortisol-21-BSA antibody.   This will alleviate the 
expense of having to purchase this relatively expensive material. 

f.   Serum Triiodothyronine:   A commercial kit for the radioimmuno- 
assay of circulating serum triiodothyronine was tested and evaluated and 
found to be unacceptable for routine use due to lack of day-to-day 
reproducibility.   Efforts will continue to make this valuable thyroid test 
available to the department. 

g.   Urinary Cortisol   (RIA):   A major part of our method development 
effort has been directed toward replacing the urinary 17-OHCS procedure, 
which is currently being contracted out at great expense, wit1-» a suitable 
radioimmunoassay procedure for the urinary cortisol metabolites.   To 
this end, three unique BSA conjugates of tetrahydrocortisone and tetra- 
hydrocortisol were synthesized.   These have been used to immunize 
rabbits for the purpose of raising antibodies against the steroid moieties. 
We are presently in the process of testing the rabbit bleedings for suitable 
antibody levels. 
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23(0) The purpose of this research is to study various physiological,  iimnunological and 
ecological aspects of parasitic diseases of military importance toward the goal of 
gaining a better understanding of natural susceptibility, acquired resistance and 
effectiveness of therapeutic agents for the prevention, suppression and treatment of 
these infections. 

2l4-(u) Through careful perusal of pertinent literature and discussion with other 
scientists both classical and new methods are used to set up controlled experiments. 

25(u) 73 07 - 7'* 06   The Wellcome strain of T.   rhodesiense which has been passaged in 
laboratory rodents for many years has retained its capability for antigenic variation. 
Guinea pigs given repeated doses of irradiated T. congolense were successfully immu- 
nized against challenge of infected Glossina morsitans  flies.     Neutron irrsdiation was 
found to be more effective than gamma rays in attenuating trypanosomes for use in 
innunizing animals against African trypanosomiasis.    Studies on the immune logic re- 
sponses of rabbits infected with T.  rhodesiense showed that sensitized lymphocytes and 
antibody producing cells were detected one week after infection and continued to be 
present In the spleen and lymph nodes throughout the infection suggesting that cellular 
imnmnity develops along with humoral immune responses early in the course of infection, 
A mosquito flight mill study using various quantitative parameters showed that Brugia 
pahangl-Infected Aedes aegypti flew significantly shorter distances and for shorter 
periods of time than did control mosquitoes over a 2U hour period.    For technical 
report see Walter Reed Army Institute of Research Annual Progress Report,   1 Jul 73 - 
30 Jun lU. 
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Project 3A161102B71Q COiMUNICABLE DISEASES AND  IMMUNOLOGY 

Task 00 Communicable Diseases and Immunology 

Work Unit 165 Parasitic Diseases of Military Importance 

Investigators. 
Principal:    COL J.C.  Burke, MSC 
Associate:    R.E.  Berkaw; J.I.   Bruce;  E.  Bueding; A.W.  Cheever; 

R,E,  Duxbury; LTC C.L.  Diggs, MC; MAJ ^.L.  Dunson, MC; 
LTC D.C.  Erickson, MSC;  R.W. Gore: LTC P.I.  Hildebrandt, 
VC; CPT A.J.  Johnson, VC;  COL M.C.  Johnson, MC;  K.R. 
Langbehn; MAJ H.B.  Lindsley, MC; MAJ R.B.  Nagle, MC; 
CPT F..B. Perry, MSC; MAJ E.G.  Redington, MSC;  CPT W.A. 
Reid, MSC; E.H.   Sadun; M.J.  Schoenbechler; D.A.   Stroup; 
MAJ J.H. Thrall, MC; P.  Ward;  B.T.  Wellde;  COL J.E. 
West, USAF; J.E.  Williams 

1.     Protection induced in mice against Trypanngmnq rhnHesiensp by inocu- 
lations of homologous parasite products. 

Rodents, bovines and sub-human primates have been immunized against 
trypanosomlasis by Inoculating them with attenuated living trypanosomes 
exposed to ionizing radiation.     Irradiated parasites were more effec- 
tive as immunizing agents than vaccines prepared from dead parasites or 
their extracts.    Attempts by various investigators to induce resistance 
to trypanosomlasis by artificial immunization have often given poor and 
conflicting results,  although Thlllet and Chandler successfull immu- 
nized rats against Trypanosoma lewis! by injecting them with metabolic 
products of the parasites.    Partial pintection against T. brucel in mice 
was reported by Miller who used  trypanosome homogenates prepared in a 
Hughes press.    Some success has also been attained by disrupting the 
organisms under controlled pressure and temperature.    This method was 
used by Gonzales Cappa et al to protect mice against T.  cruzi and by 
Corradettl et al to immunize rats against T.  lewis1.    Goble used the 
French pressure cell, ultrasonlcatlon and shaking with glass beads to 
produce homogenates for Immunizing mice against T.  cruzi.    In another 
study with T.  cruzi,  freeze-dried culture forms inoculated into mice 
conferred resistance to subsequent infection with virulent blood forms. 

Theoretically,  immunization with attenuated trypanosomes may ap- 
proach that produced by living,  nonattenuated parasites in an infection 
which has been arrested by chemotherapy.    This would indicate  that the 
excretions and secretions of the  trypanosomes are the antigens most 
Important  in Inducing protective  immunity.    Until recently a serious 
handicap In using excretion and secretion antigens or disintegrate 
trypanosomes for Immunization purposes was the difficulty in obtaining 
large numbers of organisms in suspensions relatively free of host blood 
components.    This difficulty was obviated by the introduction of an 
efficient method for isolating trypanosomes from Infected blood by 
adsorbing particulate blood components onto DEAE cellulose columns. 
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As a part of a continuinp effort to develop effective vaccines 
against African trypanosomiasis, experiments were designed to determine 
if antigens from pressure-disrupted T^ rhodesiense or from excretions 
and secretions of the living trypanosomes could be used to immunize n:ice 
against this parasite. 

Trypanosoma rhodesiense (Wellcome strain) maintained in albino rats 
(Walter Reed WI, BR strain) was used as the source of immunizing material. 
The trypanosomes were collected from the blood of heavily parasitized rats 
on the third or fourth day of infection. Hepari was used as an anti- 
coagulant. The parasites were separated from tl e blood in a UEAE cellu- 
lose column and washed twice by centrifugation uc  600 g for 20 minutes 
in phosphate-buffered saline-glucose, pH 8.0 (PSG). 

The procedure used for fractionation and extraction of the parasites 
was as follows: The trypanosomes were separated from the blood and lyo- 
philized at-.005 nnr. Kg. '.'At a later date 270 mg of the lyophilized para- 
sites in 100 rl PSG were placed in a Sorvall-Ribi Cell Fractionator 
(Ivan Sorvall Inc., Norwalk, Connecticut 06856) in which they were 
ruptured by passage through a needle valve under pressure of 40,000 

p.s.i. at 5 c. The resulting suspension, centrifuged at 27,000 g for 
40 minutes, yielded 80 ml of a soluble fraction (S) for use in immuniz- 
ing mice. The sediment at the bottom of the tube was mixed with PSG 
in a tissue grinder to suspen a particulate fraction (P) of the trypano- 
somes for immunizing purposes. The volume of this fraction was brought 
up to 15.0 ml in PSG. 

For collection of excretion and secretion (ES) antigens, washed 
trypanosomes from the column were suspended in Medium 199 (Microbio- 
logical Associates Inc., Bethesda, Maryland 20014), to which 1.5 gq». 
glucose/100 ml of the medium had been added, and kept for 20 hours in a 

refrigerator at 50c. All the parasites were intact and most of them re- 
mained motile at the end of this time.  The concentration of parasites 

was approximately 6 x 10'/mi,    on the following day the suspension was 
processed in a refrigerated centrifuge at 1000 g for 30 minutes; the 
supernatant fluid was reiroveri and centrifuged again at 17,000 g for 20 
minutes. This supernatant solution (200 ml) was subjected to pressure 
dialysis in 1/4 inch cellulose tubing at 19 p.s.i. at 5oc and reciuced to 

11.0 ml. Three types of immunizing inoculations were prepared from this 
material;  6.0 ml were used as crude excrelion-secretion antigens (ESC) 
and 5.0 ml was centrifuged at 200,000 g for 3 hours to produce a super- 
natant fluid (ESS) fraction and a particulate (ESP) fraction. The ESP 
fraction was resuspended in 12.0 ml of Medium 199, placed in an ultra- 
sonicator (Raytheon, well type) and given 2 exposures of 1 1/2 minutes 
each at 10 kc. 

Four groups of mice (Walter Kted IC, BR strain, 20-25 gm) were 
inoculated intraperitoneally with 0.1 ml of the S fraction, the P fraction, 
the ESC fraction or crude lyophilized T. rhodesiense (10 mg/ml) in saline. 
Some of the mice in each group were inoculated subcutaneously with 0.4 ir.l 
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aluminum hydroxide as an adjuvant along with the Immunizations. A 
second Immunizing inoculation was given 3 weeks after the first. These 
mice and a group of healthy control animals were challenged 2 weeks after 
the second immunization with 1000 T. rhodeslense of the same strain used 
for immunization.  The same schedule of immunizing and challenging inocu- 
lations was followed in mouse protection tests with the ESS and ESP 
fractions.  The effectiveness of the immunizations was determined by 
examining blood from the tall veins of all the mice 5 days per week for 
30 days. The surviving animals were kept for several months for re- 
challenge and other experimental use. 

In two experiments which included 170 mice the animals were immu- 
nized with the S and P fractions obtained in the Sorvall-Ribl Cell Frac- 
tionator, with lyophilized T. rhodeslense and with crude excretion-secre- 
tion products (ESC) of the trypanosomes. The results of the two experi- 
ments, combined and summarized in Table 1, show that a high degree of 
acquired resistance was produced in the mice by all four types of immuniz- 
ing inoculations.  In contrast to the controls, all of which died as a 
result of the infection after an average of 4,8 days, a majority of the 
treated mice survived the challenging infections and remained parasite- 
free throughout the experiment. Among the mice inoculated with the two 
fractions obtained in the Sorvall-Ribl Cell Fractionator, 70Z of those 
that received the P fraction were protected as compared to 48% of the 
group immunized with the S fraction. There was 95% survival among the 
mice inoculated with lyophilized T. rhodeslense and 100% survival in the 
group that received inoculations of the F.SC antigens. Partial protection, 
indicated by prolonged survival time, was obtained in the mice that failed 
to survive challenge. The mice of Groups II, III and IV that died after 
challenge had lived an average of 6.1, 9.3, and 7.4 days, respectively, 
as compared to 4.8 days for the controls in Group I. The mice in the 
first experiment had been separated into 2 groups, one which received 
inoculations with aluminum hydroxide adjuvant and one which did not. 
Results with the 2 groups were essentially the same and therefore the 
use of the adjuvant was discontinued. The results were pooled in Table 1. 

Table 1 

Development of Immunity againul Trypansoma rhcHleBicnse {Welkome) in Mice Inoculated Twice wüh 
Homologous Paratite Fraction», and Challenged 2 Week» after Immunization 

Group No. Immunisation % Moan 
no. tf?we survival survival 

time 
(Days) 

I ao Bufi'eied saline Q 4.8 
II 40 Disrupt ed irypanosomes 

(S fraction) 
48 6.1 

III 40 Disrupt«! trypanosomes 
(P fraction) 

7" 0:3 

IV M) Lynphijiited irypanosomjes % 7.4 
V 20 Kxcrcl ion-secret ion (IvSC) antigen^ 100 — 
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Because of the promising results obtalr&d with ESC antigens In the 
first two experiments, a third experiment was set up to Include super- 
natant fluid (ESS) and partlculate antigens (ESP) separated from the ESC 
by ultracentrlfugatlon. Forty mice were separated Into 4 equal groups to 
test the immunizing effects of these fractions. Groups II, III and IV 
were given two 0.1 ml intraperitoneal inoculations of ESC, ESS and ESP, 
respectively, at one week Intervals. Group I, the controls, was inocu- 
lated according to the same schedule with 0.1 ml Medium 199. All the 
the mice were challenged with 1000 T. rhodesiense of the homologous 
strain 2 weeks after the second immunization. The results (Table II) 
revealed that all the untreated control animals died from the Infection 
after an average of A.5 days. Complete protection from the challenging 
Inoculation was Induced in the mice tht had been immunized with the ESC 
(Group II) and with the ESP (Group IV). A lesser survival rate, 40%, 
was obtained in the mice of Group III that received immunizations of ESS. 
However, even in the mice of this group that died, the mean survival time 
was increased almost 2 days over that of the controls (Group I). 

Table 2 

Development of Immunity against Trypanosoma rhodesiense (Wellcome) in Mice Inqculated 
Twice with Excretion-Secretion (ES) Antigen*, and Challenged t Week,» 

after Immunization with the Homologou» Strain 

(Uvnp No. Immunization % Mean 
no. mica survival survival 

time 
(Days) 

I 10 Medium 199 0 4.5 
II 10 ES (crude) 100 — 

III 10 EH (supernatant fluid) 40 6,3 
IV 10 ES (particulate) 100 — 

In an effort to find out whether or not cross-protection could be 
induced by this method, 10 mice were immunized with ESC and challenged 
as in the previous experiment except that the challenging inoculations 
were made with 1000 T. rhodesiense of a different strain (EATRO //ISSö). 
All the mice died as a result of this heterologous challenge (Table III). 
Again the mean survival time of the immunized mice (20.6 days) was greater 
than that of the controls (15.3 days). 

Table 3 

Development of Immunity against Trypanosoma rhodesiense (Wellcome) in Mice Inoculated 
Twice with Ezcrclion-Secrclion (ES) Antigens, and Challenged 2 weeks after 

Immunization with a Different Strain of Trypanosoma rhodesiense 
(EATRO 1886) 

Group No. Immunization % Mean 
no. mice survival survival 

time 
(Days) 

1 JO Medium 199 0 15.3 
II 10 ES (crude) 0 20.6 
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Mice were immunized against Trypanosoma rhodesiense (Wellcome strain) 

with whole lyophillzed trypanosotnes, with antigens produced by disrupting 
lyophilized trypanosomes after pressure, and with excretions and secre- 
tions of the living parasites. The survival rate in groups of 40 mice 
inoculated with disrupted trypanosmes and challenged with the homologous 
strain was 48% with a soluble fraction and 70% with a particulate 
fraction of the parasites. There was 95% survival after challenge in a 
group immunized with lyophilized trypanosomes; none of the controls 
survived. Results were essentially the same whether or not an aluminum 
hydroxide adjuvant was used. In subsequent experiments complete protection 
was obtained with either crude excretion-secretion (ES) antigens or the 
particulate fraction of the ES antigen, while 40% of the mice survived 
challenge after inoculations of ES superna'ant fluid, y.ice immunized 
with crude ES antigen failed to survive challenge with a heterologous 
strain, although their mean survival time was prolonged several days 
beyond that of the controls. 

2. Relative effectiveness of neutron and gamma radiation of trypanosomes 
for immunizing mice against African trypanosomxasis. 

Immunity against African tiypanosomiasis has been produced in rodents, 
cattle and monkeys by inoculating them with irradiated blood form trypano- 
somes. Until now the immunizing inoculations have been prepared by 
exposing the parasites to low linear energy transfer (LET) radiations such 
as X-rays and gamma rays. Since for several biological end points, high 
linear energy transfer radiation, e.g. neutrons, has been shown to have 
a greater biological effectiveness than low LET radiation, two experiments 
were designed to compare these two types of irradiation for use in immuniz- 
ing mice against Trypanosoma rhodesiense. 

T. rhodesiense (Wellcome strain) in mouse blood were exposed at 
different dose levels to gamma rays from a 60 cobalt source and to neu- 
trons from a TRIGA reactor. To reduce experimental variation, the two 
irradiation procedures were carried out under the same conditions and at 
the same time. Dose rates and total absorbed doses varied only slightly 
betweer the two systems. A total of 200 mice were given intraperitoneal 
inoculations of 2 x 10° trypanosomes irradiated at 5 to 80 K rads. The 
animals In the first experiment were challenged with 1000 non-irradiated 
trypanosomes of the homologous strain 7 days after a single immunizing 
inoculation. In the second experiment the mice were challenged with 
the same number of trypanosomes 7 days after the completion of 2 immuniz- 
ing inoculations (given 7 days apart). 

The results (Table 4,5) indicate that neutrons are relatively more 
effective than gamma rays in reducing the infectivity of T. rhodesiense. 
With gamma radiation, only 4 of 20 mice survived inoculations of trypano- 
somes irradiated at 10 K rads in the 2 experiments; with neutron- 
irradiated trypanosomes 18 of 20 mice survived. A dose of 15 K rads 
was sufficient to assure 100% survival of the mice when neutron radiation 
was used, but 20 K rads was required with gamma radiation. Neutron 
bombardment of T. rhodesiense was also more effective in immunizing 
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Table ^ 

Mipe Surviving One Inoculation with 
2 x 10° Irradiated Trypanosoma rhodesien?; 

K rads 

Garana-Irradiated 

Survivors      MST* (Days) 

Neutron-Irradiated 

Survivors      MST (Days) 

5 o/io 5.0 o/io 5.0 

10 o/io 6.U 8/10 10.0 

15 o/io 6.6 10/10 - 

20 10/10 - 10/10 - 

Mice Surviving Challenge After One Inoculation 
with Irradiated T.  rhodesiense 

K rads 

Gamma-Irradiated 

Survivors      MST* (Days) 

Neutron-Irradiated 

Survivors      MST (Days) 

0 

5 

10 

15 

20 

0/9 h.k 0/10 k.O 

u/io 5.5 

6/8 9.0 

9/10 8.0 

9/10 7.0 

*MST = Mean survival time of mice that died. 
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Table i" 

Mice Surviving Two Inoculations with 
2 x 10° Irradiated Trypanosoma rhodesiense 

K rads 
Gamma-Irradiated 

Survivors  MST* (Days) 
Neutron-Irradiated 

Survivors  MST (Days) 

5 0/10 u.u o/io 

10 U/10 11.8 10/10 

15 10/10 - 10/10 

20 10/10 - 10/10 

ho 10/10 - 10/10 

80 10/10 - 10/10 

6.U 

Mice Surviving Challenge After Two Inoculations 
with Irradiated T. rhodesiense 

K rads 

Gamma-Irradiated 

Survivors      MST* (Days) 

Neutron-Irradiated 

Survivors      MST (Days) 

0/10 5.0 0/10 5.0 

10 h/h 

15 9/10 

20 10/10 

ho 10/10 

80 10/10 

7.0 

10/10 

10/10 

10/10 

10/10 

10/10 

*MST = Mean survival time of mice that died. 
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against a challenge with the homologous parasite. As shown In Table 4 
and 5 the mice immunized with trypanosomes exposed to high LET radiation 
had a greater survival rate when challenged.  In addition, the mean surv- 
val time of the mice that died after challenge was longer in those 
immunized with neutron-irradiated parasites than in those inoculated with 
trypanosomes exposed to gamma rays. 

These findings may have application in immunization studies with 
other parasites, particularly with multicellular organisms where the 
selection of optimum radiation dose levels is even more critical than 
with protozoa. 

3. Glomerulonephritis involving the alternate pathway of complement 
activation in monkeys infected with Jfypanosoma rhodesiense. 

Immune complex glomerulonephritis in man is thought to be an Immuno- 
logie complication following a variety of Infections, such as, nephrlto- 
genic streptococcal infections, quartan malaria, acute staphylococcal 
endocarditis, and secondary syphilis.  Immunoglobulins and components of 
complement have been found in renal glomeruli of patients who developed 
glomerulonephritis as a result of such infections. Experimental work 
has implied that antigens interact with specific antibodies forming 
complexes in the circulation which are deposited in the glomerular 
capillaries. These complexes activate complement through the classic 
pathway leading to the release of mediators some of which have the 
capacity to cause local inflammation which results in glomerular injury. 
Endogenous antigens may also react with antibodies and lead to the 
development of glomerulonephritis. Thus, in the glomerulonephritis seen 
in patients with systemic lupus nephritis, antinuclear antibodies have 
been found in the kidneys, and host immunoglobulins, nuclear antipans and 
complement have been demonstrated in a characteristic lympy pattern in 
the glomeruli.  Recently properdin, a component of the alternate path- 
way of complement activation, has also been demonstrated in the glomeruli 
of patients with acute post-streptococcal glomerulonephritis, membrano- 
proliferative glomerulonephritis, and the glomeruli of lupus erythema- 
tosus patients, implying that activation of complement and subsequent 
damage may be initiated by other less-understood mechanisms. 

i mnunopathologic studies of protozoan diseases have proven to be of 
considerable interest in regard to the pathogenesis of glomerulo- 
nephritis in man and monkeys infected with Plasmodia, and in rats in- 
fected with Babesia.  In malaria and babesiosis, the glomerulonephritis 
is associated with glomerular deposits containing immunoglobulins, 
antigens originating from the infective agent, and complement proteins. 
This is compatible with the concept that in each case the glomerulo- 
nephritis is Induced by Immune complexes entrapped from the circulation. 

The present studies were begun after finding that monkeys infected 
with Trypanosoma rhodesiense, developed chemical and hlstologic evidence 
of renal failure and glomerulonephritis. Morphologic changes similar to 
those described in human cases of membranoproliferative glomerulonephri- 
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tls were observed in the kidneys of some of the infected animals. 

Animals: Nineteen young male monkeys (Macaca mulatta) or^Rinating 
from India were used in this study. After a 30 day quarantine and period 
of conditioning, the animals were placed in individual cages and given a 
diet of Purina Monkey Chow, fresh fruit and water.  Sixteen monkeys weie 
each inoculated intravenously with approximately 10,000 Trypanosoma rho_ 
desiense (EATRO //ISSö strain) contained in 0.5 ml of phosphate-buffered 
saline-glucose (PSG) solution.  Three control animals received 0.5 ml of 
phosphate-buffered saline-glucose solution only. The EATRO #1886 strain 
was isolated from a human patient in Uganda in 1971 and has since been 
maintained in the laboratory either by storage at -70oc or by passage in 

laboratory rats. The trypanosomes for the inocula were separated from 
infected rat blood in a DEAE-cellulose column and washed twice by eentri- 
fugation in PSG solution. Fresh preparations of blood obtained by ear 
puncture were examined 5 times each week to determine the course of para- 
sitemia. Blood for serum collection was taken from the femoral veins of 
the monkey after they had been sedated with intramuscular Sernylan 
(0.5 mg/kg). The sera were stored at -7n0c until used. 

Biopsies:  Renal wedge biopsies were taken at 1A, 30 and 50 days 
following inoculation of trypanosomes. Uninfected control monkeys were 
subjected to biopsy at the same time intervals. For biopsy, the animals 
were anesthetized with intravenous pentobarbital (50 mg/kg) and an inci- 
sion was made through the flank using sterile operating procedures. 
Wedges of renal cortex were removed and immediately divided into three 
parts. One porition was fixed for electron microscopy (EM) by dicing 
the piece into 1 mm cubes and imrersing them in cold one-half stre igth 
Karnovsky's fixative.  A second portion was quick frozen for immuno- 
histochemical studies by placing the tissue in isopentane quenched in 
liquid nitrogen. A third portion was fixed for light microscopy (LM) in 
10% neutral buffered formalin. 

Morphologic Studies: Paraffin sections were cut at 3-4 and stained 
with hematoxylln and eosin (K&E) , periodic acid Schiff (PAS), and Avallone's 
modification of the methenamine siliver stain (MS). Tissues from seven 
animals was studied by EM. Pieces of renal cortex were fixed for 4 hours 
in one-half strength Karnovsky's fixative at 4 C and then washed overnight 
in O.IM cacodylate buffer (pH 7.2) containing 7.5% sucrose.  The tissues 
were treated in osmium tetroxide, dehydrated in graded alcohols, and 
embedded in Epon.  Sections cut with glass knives at 1 micron were 
stained with toluidine blue. Thin lOOm sections were cut with a diamond 
knife, doubly stained with uranyl acetate and lead citrate and examined 
with an electron microscope (RCA EMU-30). 

Immunofluorescent Studies: Fresh frozen renal cortical tissue was 
processed according to earlier descriptions. Gel double diffusion tests 
showed antibodies to human IgG, IgA, IgM and CA properdin gave a strong 
cross-reaction to the heterologous monkey serum protein.  Accordingly, 
antibodies to the human proteins were used for immunofluorescent studies. 
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The only exception was the use of antibodies to monkey C3 prepared In 
rabbits as previously described.  In IF studies the direct technique was 
employed for all proteins except properdln; the tissue sections were 
Incubated with the fluoresceln-labelled antibody and then washed. For 
the detection of properdln the Indirect IF technique was employed. The 
tissue sections were first Incubated with rabbit antibody to human pro- 
perdln, then washed and incubated with fluoresceln tagged sheep antibody 
to rabbit IgG. Additional details of the technique of IF are given else- 
where. 

Serologie Measurements for CHQQ. C3 and C4;  Serun CHjjß levels were 
assayed with sensitized sheep red cells according to the technique of 
Kent and Fife. Assays of complement components C3 and C4 were based on 
the cross-reactions of antibodies between human and monkey proteins. The 
single radial immunodiffusion technique of Mancinl et >el^as modified by 
Yount et al was used. Human antibodies and standards for C3 and CA were 
obtained from Hyland laboratories (Los AnReles, Ca.) and Meloy Labora- 
tories (Springfield, Va.).  Serum albumin was determined by protein-elec- 
trophoresis in cellulose acetate. 

a) Serum complement and renal deposits in non-infected monkeys: The 
serial serum complement levels in three control animals had a mean value of 

138 + CHJQ units.  Renal biopsies from the control animals obtained at three 
different intervals (days 14, 30, 50) failed to show the presence of any 
protein deposits in the kidneys. 

b) Serum comglement and renal biopsies in infected monkeys: The de- 
tails of serum corapleri.ent as well as the normal range in each of four 
Infected animals are given in Figures 1-4 (Numbers 801, 997, 812 and 970 
respectively).  Between 20 and 30 days after inoculation with the infec- 
tive agent (15-25 days after detectable parasitemia), serum complement 
levels began to fall in each of the animals.  In animals 301, 812 and 970 
there was no detectable hemolytic activity on at least one occasion dur- 
ing this period. The CH^Q levels in monkey //■997 persisted at a 50% level 
for at least 10 days (Fig. 3). There was a persistent parasitemia during 
this time.  In one infected animal (/'970) (Fig. 5), the CU^Q  level fell to 

undetectable levels at 18 days, but then returned to hypernormal or 
normal range. Also demonstrated in Figures 1-4 are the findings of the 
renal biopsies.  Positive deposits consisting of one or more of the pro- 
teins listed above were found at some time during the hypocomplementeraic 
period. 

c) Morphologic changes in glomerull:  Renal biopsies obtained from 
the three control aninals revealed normal cellularlty without evidence of 
exudation, proliferation, or sclerosis (Fig. 5, 6). 

Fifteen of the sixteen infected animals showed glomerular abnormal- 
ities. These changes consisted of mesangial cell proliferation, endo- 
thelial swelling, variable degrees of exudation, variable mesangial 
sclerosis, and focal basement membrane thickening and duplication.  In 
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SERUM   COMPLEMENT 
ANIMAL "801 

FIGURE 1. Sequi'iitial serum conipUment levels in 
animal No. 801. Arrows indicate time ol renal l)iü|is\ 
(14 and 30 days post-inoculation ol' trypanosomes) 
and immunohistocbemical results. In errupted line 
and shaded area indicates mean ± S E. of the control 
values for serum complement  (CHa>). 
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FuiUBE 2. Sctiuential serum complement levels in 
animal No. 997. Arrows indicate time of renal biopsy 
MO and 51 days post-inoculation of trypanosomes) 
and the immunohislochemical results. liUerrupted line 
and shaded area indicates mean it S.E. of the control 
values for serum complement   (CHD,,), 
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four infected animals in which serologic studies were done, three (801, 
997, 812) showed glomerular changes associated with depression of serum 
complement and protein deposits within the glomeruli. 

Animal 801 was first subjected to biopsy on the 14th day (Fig. 1). 
The LM observations of this biopsy were essentially normal except for 
rare focal areas of mcaangial sclerosis. EM observations confirmed this 
finding and revealea essentially normal capillary loops without evidence 
of abnormal deposits. The second biopsy obtained on the 30th day, at a 
time when the serum CH50 was 41% of the pre-infective level, showed defi- 
nite focal mesangial hypercellularity with increased mesangial sclerosis 
and focal basement membrane thickening (Fig. 7). Electron microscopy 
revealed widening of the central mesangial areas which contained in- 
creased numbers of mesangial cell processes (Fig. 8).  Surrounding the 
mesangial cells, the mesangial matrix was characterized by numerous 
electron lucent defects. Within these areas of rarefaction wer^. irregu- 
lar electron dense deposits (Fig. 8). Focally this change extended out 
into the basement membrane of the capillary loops at a point where the 
capillaries attach to the central mesangium. 

Animal 997 was first biopsied on the 30th day at a time when the 
CH50 level was depressed to 68% of preinfection values (Fig. 2). This 
biopsy revealed diffuse glomerular hypercellularity, numerous polymorpho- 
nuclear leukocytes in the capillaries and obliteration of the capillary 
lumina (Fig. 9). EM studies revealed focal swelling of the endothelial 
cells, and plugging of the glomerular capillary lumina with polymorpho- 
nuclear leukocytes, mononuclear cells, and occasional macrophanges con- 
taining secondary lysosomes.  The mesangial areas were widened and con- 
tained electron lucent areas similar to those described in animal 801. A 
second biopsy obtained on the 51st day following 15 days of depression 

of the CH50 serum levels exhibited a persistent hypercellularity of the 
mesangium which, in addition, showed increased PAS positive mesangial 
mature material (Fig. 10). Methenamine silver and PAS stains showed that 
the capillary membrane was thickened and focally duplicated.  Many cap- 
illary loops appeared obliterated (Fig. 10, 11).  EM observations dis- 
closed focal areas of capillary wall thickening with processes of the 

TABLE    ^ 

Percent chatigf* in wlerlcd serum proteins and deposits in glomeruli 30 days after inoculation 

A Um in in 

Scrum Renal deposits 

Animal nn. 

rH.„, 
i'; i • C4 ('/, r a (%) • I'mptTiiin 03 (1 IRO UM IKA 

801—infected 46 41 135 45 4 + 3+ 0 0 Trace 0 
997—infected 49 68 122 J7 4+ 3 + 0 0 2 + 0 
812—infected 51 li 19 i 1 4+ 3+ 0 0 2 + 0 
970—infected 62 57 29 72 0 0 0 0 0 0 
95JC—noninfect ■<i 91 135 208 115 0 0 0 0 0 0 
966C—nonir.lect •d 84 104 95 98 0 0 0 0 0 0 
9760—noninfect •d \I)t 95 112 106 0 0 0 0 0 0 

• Percentage of preinfection value. 
t NO, not determined. 
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mesangial cells extending out into the peripheral capillary walls 
« J (Fig.  11) •     In these areas,  there was production of new basement lamina 

which corresponds to the picture of peripherally duplicated basement 
membranes seen with the PA" and US stains by LM.    The capillaries were 
focally occluded by swollen endothelial cells, mononuclear cells and an 
occasional polymorphonuclear leukocyte   (Fig.  11).    Occasional electron 
dense subepithelial deposits were seen   (Fig.   11,  12) as well as rare 
subepithelial deposits. 

The first biopsy obtained from animal 812 on the 14th day at a time 
when the CH^Q level was in the normal range showed a rare focus of mesan- 
gial sclerosis but no evidence of active disease.    A second biopsy obtain- 
ed on the 29th day when the CH^Q level had been depressed for 7 days,  re- 
vealed a definite, diffuse mesangial hypercellularity and wrinkling and 
focal thickening of basement membrane.     E/H confirmed widening of the 
mesangial regions and increased numbers of mesangial cellular processes. 
In addition,  the mesangial matrix contained electron lucent areas which 
contained irregular electron dense material. 

A biopsy obtained on the 30th day of infection from animal 970 
revealed essentially normal glomeruli with focal areas of slight mesangial 
hypercellularity.    The CH50 level was within the normal control range at 
this time although it was 72% of this animals preinfective value.    No 
glomerular deposits were seen. 

d) Correlated studies of serological and renal biopsy observations; 
Four infected monkeys and three uninfected animals were studied in detail 
with respect Co serological changes of whole complement, levels of C3 and 
CA as determined by radial immunodiffusion, and protein deposits in renal 
glomeruli. The data are summarized in Table 6. The four infected ani- 
mals were biopsied on the 30th day (after inoculation with trypanosomes) 
at which time their CH50 values were Al%,  68%,  12% and 72% of the pre-in- 

FICURFS S ■ nd 6. 5. Biopsy from control rhesus monkey showing normoccllular glomerulus with open cap- 
illary loops limited by delicate basement laminae. PAS, X 520. 6. Electronmicrograph of normal control. Note 
appearance of mesangial areas containing mesangial cells (arrows) surrounded by a compact mesangial matrix 
with an electron density similar to that of the basement membrane,  X 1,300. 

FIGURES 7 and 8. Renal b.ipsy of animal No. 801 taken 30 days post-inoculation of trypanosomes. 7. Note 
general hypercellularity of the glomerular lobules and obliteration of capillary lumens. 3 ß section stained with 
PAS, X550. 8. Note rarefraction of mesangial matrix in areas surrounding mesangial cells. Numerous fine 
cytoplasmic processes of the mesangial cells extend into these areas. In addition, numerous electron dense, 
punctate material is seen within the mesangial area,   x  2,900. 

FIGURES 9 and 10. Renal biopsy of animal No. 997. 9. Taken 30 days post-inoculation of trypanosomes, 
at time of depressed serum complement. Note marked hypercellularity of glomerular tufts, polymorphonuclear 
leukocytes, and obliteration of capillary lumina. PAS, X 500. 10. Taken 51 days post-inoculation of trypano- 
somes. Note thickened and duplicated basement membranes (arrow), mesangial sclerosis, and obliteration of 
capillary lumina.   Note also the focal interstitial inflammatory infiltrates.  PAS, X 500. 

FIGURES 11 and 12. Renal biopsy obtained in animal No. 997 51 days post-inoculation with trypanosomes. 
11. Note obliteration of capillary lumina, some of which contain polymorphonuclear leukocytes (p). There 
is focal reduplication of basement membrane (arrow). There is swelling of podocytes with loss of filtration 
sites focally and rare focal subepithelial deposits (d). X 1,700. 12. Arrow indicates subepithelial deposit in 
area of slightly tangential sectirn of capillary wall.   X  22,000. 
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faction values determined in the same animals.    Three uninfected control 
animals sampled also on the  30th day had  complement levels of 135%,  10A% 
and 95% of pre-infection values.    The antipenic assay for C3 indicated 
severe depression in the C3 levels   (45«,  27% and 22%)  in three infected 
animals  (Table  6).    This was correlated with depressed CH50 levels and 
C3 deposits in the glomeruli as determined by immunofluorescence.    Two 
animals showed depression of CA levels but C4 deposits were not present 
in  the gloi.eruli.     The C3 and C4 levels in  the  uninfected controls 
were  close to  the  oreinfection values. 

e)  Immunofluorescent patterns of Rlomerular deposits:    The various 
proteins detected in glomerular deposits have been summarized in Table  6. 
The pattern of  fluorescence was one of a diffuse  stain,   limited to 
glomeruli,  involving both glomerular capillary  loops and mesangial 
areas.    In uonc cases discrete granular patterns of fluorescence were 
seen.    There was no evidence of smooth,  linear fluorescence.    Typical 
patterns of fluorescence are shown in Figure 13;   the properdin reaction 
(Pro) was completely blocked (xPro) by previous absorption of the anti- 
serum with purified human properdin.    Deposits of IgM were seen in 
one monkey  (Fig.   14).    The granular appearance of the deposits was 
particularly apparent.    Considerable deposition in mesangial areas was 
evident. 

Glomerulonephritis develops in the course of experimental trypano- 
somiasis in monkeys.    The earliest lesions are characterized as pro- 
liferative and show variable degrees of increased numbers of mesangial 
cells, swelling of endotheiial cells, and variable marginatlon of poly- 
morphonuclear  leucocytes.     Later in the evolution of the process  there 
is mesangial  sclerosis and duplication of  capillary basement membranes 
which in several cases clearly resemble a membranoproliferative type 
of glomerulonephritis. 

Glomerulonephritis has been implicated  in at  least  two other para- 
sitic diseases.     Xibukamusoke reported a high  incidence  of diffuse pro- 
liferative and membranoproliferative glomerular  lesions  in adults 
and  children with nephrotic syndrome  in Uganda and provided extensive 
evidence suggesting a malarial etiology in many of the  cases.    A 
spectrum of  glomerular abnormalities has been  found in  selected 
patients with  hepatosplenic  schistosomiasis  resembling  the lesions of 
membranoproliferative glomerulonephritis. 

The  inimunohistochemlcal evidence presented  in this  study points 
to and  immunopatnolo^ic basis  for the glomerulonephritis.    The granular 
pattern of  iinr.mnofluorescence would  indicate   the   likelihood of  an 
immune  complex-type  of nephritis  rather than  a nephrotoxic mechanism. 
The  presence  of  properdin and C3 in  the glomerular deposits of  all 
animals studied  suggested  that the alternate   (properdin)  pathway was 
activated.     The  seroloric  data indicated   that   the basis   for  the acquired 
hypocvT.piemeiitemia  is  in some animals  related  to a change in the C3 but 
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not the C4 levels.    The explanation for a low C4 in two animals but 
absence of C4 deposits In the glomerull In these animals was not 
apparent.    A second study has indicated that in at least some animals 
CA deposits were in the glomeruli.     It is probable that both the 
classic and alternate pathway operate in the pathogenesis of this lesion. 
The agent(s)  responsible for activating complement has not been defined. 
Indeed,  it is not evident if the activating agent resided in the glo- 
merular deposits,  or if the complement pathway was activated within the 
blood stream with subsequent deposition of altered proteins in glomeruli. 
On the basis of these studies it would seem that trypanosomal infection 
in monkeys is particularly predisposed to initiating activation of the 
alternate pathway of complement. 

In the context of glomerulonephritis  in man it should be pointed 
out  that  there  are  two general situations in which  reactant proteins 
of the alternate pathway  (properdin) have been demonstrated in glomerular 
deposits.    On one hand,  a combination of reactant proteins of both the 
classical  (immunoglobulin and CA)   and the alternate  (properdin deposits) 
pathways have been described in lupus nephritis,  suggesting that 
both pathways have been activated.     This agrees with the current concept 
that  activation of  the classical pathway can  result in activation of 
the alternate pathway through release of the C3b  fragment from C3 and 
sequential interactions of complement proteins beyond  this point. 

A second disease  reported in humans which seems relevant to these 
studies  is the syndrome of hypocomplernentemic glomerulonephritis.    This 
disease is associated with a memhranoproliferative glomerulitis,  deposits 
of properdin in renal glomeruli,  and persistently  lev; C3  levels  in serum 

FIGURE H. Immunohistochcmical lindinns in a 
renal hiopsy from animal No. 997, 30 days post- 
inoculation ol trypanosomes. Upper left panel reveals 
a 4+ reaction with indirect technique usinj; rabbit 
scrum containing anti-properdin antibody (Pro). 
Lower left shows blockade of the reaction by prior 
absorption with purified human properdin (xl'ro). 
Upper riKht shows ncKative staining in ("4. Lower 
ri^ht reveals 1+ staining for C.<. 

FIGUKI;   14.    Renal  biopsy  from  animal  No.  997 
showing deposits of IK-M in a granular distribution. 
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were Tnonitored dally and parasites  (designated M-l) were obtained from 
monkey 505 during the first peak of parasitertla.    Trypanosomes isolated 
from this monkey a- a later date were designated M-2.    Trypanosomes desig- 
nated M-3 were obtained  from monkey 614.    On the days 'chese parasites were 
collected,   the trypanosomes were counted In a hemacytometer and diluted 
with PSG to a concentration of 2 x lOVml.    Each of these Isolates was 
then injected I.P.   into 5 immune and 5 normal rats.     Immunized rats also 
were challenged with trypanosomes derived from the stock rat strain a 
second time  (S-2).    Each isolate of trypanosomes   (S-l, M-l, M-2, M-3,  S-2) 
also was tested by neutralization against the serum collected from rats 
7 days after immunization.    Five concentrations of trypanosomes from each 
Isolate were tested against 3 dilutions of immune serum and against normal 
rat serum as the control.    Trypanosomes were diluted  in PSG and immune 
serum was diluted with normal rat serum.    The mixtures were Incubated at 
250C for 2 hr and then 5 mice were each Inoculated I.P. with 0.2 ml of 
each dilution. 

Rats which received 1 immunizing injection of Irradiated trypanosomes 
of the stock strain and subsequently challenged with viable homologous 
parasites   (F-l) exhibited a strong resistance to Infection (Table 7).     Both 
rhesus monkeys developed patent infections;  parasltemias are depicted in 
Fig.   15.    When immunized rats were challenged with parasites isolated from 
monkey 505 during the initial peak of parasitemla  (M-l), no deaths occurred 
in the Immunized group whereas all controls died in 6' to 7 days  (Table  7). 
However, when immunized rats were challenged with trypanosomes isolated 
from monkey 505  (M-2) or monkey 614 (M-3)  later during the infection, 
little resistance was detected;   A of the immunized rats in each group died 
within the range of the control animals'  survival times.    Subsequently a 
second challenge of immunized rats with a second isolate of the stock strain 
(S-2) was made to retest homologous immunity.    Again a strong resistance 
was apparent In the Immunized rats while controls died in 5 to 6 days. 
Some differences in survival times among control rats were noted.    The 
control animals challenged with the stock rat strain  (S-l, S-2) died on 
days 5 and 6, hut animals inoculated with parasites derived from monkeys 
survived for periods varying from 6 to 7 days with M-l and from 7 to 8 
days with M-2 and M-3. 

When neutralization tests wereperformed,  all dilutions of Immune 
serum collected from rats 1 week after immunization reacted positively 
with parasites of the stock strain (both S-l and S-2).    The serum also 
had a narked effect on trypanosomes isolated from monkey 505  (M-l)  during 
the initlfil peak of parasitemla.    Subsequent Isolates of trypanosomes  from 
monkeys 505   (M-a)  and 6A1  (M-3)  v ere not neutralized by the immune serum 
and their infectivlty appeared to be enhanced when the osolates were 
mixed with immune rat serum at a 1:2 dilution. 

P.ats Immunized with  irradiated Trypanosoma  rhodesiense resisted 
infection with the homologous strain.    When similarly  Immunized rats were 
challenged with parasites obtained  from  rhesus monkeys  infected with the 
same strain,   the  response depended on the number of peaks of parasitemla 
were solidly  irarune;   immunized rats challenged with  trypanosomes obtained 

348 

MM«   MM*. 



im   i.   .11 iiiiHuwjvm mm IJI1JIIDPI!I| ^mrmmmii mi, y.!)i-niww.wii».i i. ^ .mm 

W^vmBfym mv im ■ * .• 

with relatively normal levels of Cl,  C4 and C2.    More recent Investi- 
gations suggest that  this disease may be a unique syndrome Insofar as 
the renal disease appears to be associated with a more or less specific 
activation of the alternate complement pathway.    There is, as yet, no 
information that would pinpoint the reaction product responsible for 
the morphologic and functional alterations in the glomeruli. 

T.   rhodesiense infection in monkeys results  in glomerulonephritis 
which in certain respects resembles the hypocomplementemlc glomerulo- 
nephritis of humans.     In veiw of these findings it would be of interest 
to carefully study the renal structure and function of patients Infected 
with African trypanosomiasis.    Likewise this experimental infection 
could prove useful in studyir.r, the evolution and pathogenesis of glomeru- 
lonephritis involving the alternate pathway  (properdin) of complement 
activation. 

4.    Variant specificity of immunity induced by irradiated XmtflQfl&QM 

Sanders and Wallace induced a protective response to Trypanosoma 
lewis 1 in rats by the administration of irradiated trypanosomes. 
Subsequently, Duxbury and Sadun reported immunity in rats produced by 
irradiated parasites against a virulent strain of T_.  rhodesiense. 
Cattle also developed iranunity which persisted for at least 8 nonths 
after this treatment.    Recently Duxbury et al have shown that primates 
may be similarly immunized against a recently isolated strain of T.  rho- 
desiense.     In the experiments reported here,  the specificity of immunity 
induced by irradiated  trypanosomes has been explored,  taking into account 
the well known capability of trypanosomes to evade the host response by 
changes in antlgenic character. 

rinety-five random breH Wrm:I?',C(WI)BR rats   (140-200 gms) and 500 
random bred ITrm: (ICR)RR mice   (20-25 gms)  were used  in these studies. 
One nale   (ITo.   505)  and one female  (No.   614) Macaca mulatta monkey 
weighing 4 and 2 kp,   respectively, were infected and served as sources of 
parasites.    The Wellcome strain of T.   rhodesiense was used throughout 
the experiment. 

Five heavily infected rats were anesthetized and bled by cardiac 
puncture.     This heparinized blood was  then irradiated at 70 kr in a 
Gamnacell,   60 cobalt   irradlator and diluted with ohosphate buffered 
saline with  glucose   (PSG),  r>H 7.8,  to a concentration of 1 x 10^ 
trypanosomes per ml.     Forty-five rats were  inoculated  intraperitoneally 
(I.P.) with 1 ml of this suspension.    One week later serum was obtained 
from 20 of the immunized rats and from 20 nonimmuiized animals.    One  the 
same day,   5 of  the remaining  immunized rats and control rats were each 
challenged  I.P.  with  1 x 10^ viable  trypanosomes  from the stock rat 
strain  (designated as S-l)  the 2 monkeys,   (505 and 614), also were 
injected Intravenously with  1  x 10^    and 5 x 10^ trypanosomes,  respec- 
tively,   from an aliquot of the challenge  inoculuni S-l.    Parasltemias 
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Table 7 

Specificity of the Immunity Produced in Rats by 

Irradiated Trypanosoma rhodesiense 

Source of 
challenge 
parasites Group Mortality    Day of death (No. animals) 

S-l 

M-I 

M-2 

M-3 

S-2 

Immunized 1/? 8(1) 

Control 5/5 5(3). 6(2) 

Immunized 0/5 — 

Control 5/5 6(2), 7(3) 

Immunized 5/5 6(2), 7(2). 12(1) 

Control 5/5 7(3), 8(2) 

Immunized 5/5 7(M, IKD 
Control 5/5 7(3), 8(2) 

Immunized 1/5 8(1) 

Control 5/5 5(2), 6(3) 

No. rats dead/no.  injected 

from nonkeys after their initial peak of parasitetnia all succumbed to the 
challenging infection.    These observations Indicate that parasites of a 
variant antlRenlc sneclflclty arose during the course of the monkey Infec- 
tions.    Neutralization tests performed on the various Isolates from rats 
and monkeys using antibody obtained from Immunized  rats confirmed that the 
immunity produced by  irradiated trypancsomes was variant specific. 

5.    Lymphatic dynamics  in eyperlmental filarlasls monitored with 9«in Tech- 
netiun-sulfur colloid. 

Trogressive alteration of lymphatic  function  is a common sequela in 
buman filarlasls and  often leads to lymphedema and elephantiasis.     Pre- 
vious Investigators bavp used various animal models  to study cbanpes In 
Ivmph nodes and vessels due  to experimental filarial infections.    Fadlo- 
eraphic  lyrphangiograms  commonly have been utilized  in these experimental 
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infections to visualize anatomical changes of lymphatics.    This technique, 
though very useful, has numerous disadvantages and does not provide any 
direct information how efficiently the lymphatics are functioning in the 
infected animal. 

This report describes the results of a pilot study to develop an 
isotopic technique for quantitating lymphatic function in a filaria- 
infected host using the radiopharmaceutical ^S™ Technetivun-sulfur col- 
loid (Tc-SC).    The model used was the African patas monkey (Erythrocebus 
patas) infected with subperiodic Brugia malayi. 

Four patas monkeys were each inoculated subcutaneously on the dorsum 
of both feet with 17^ third stage larvae of B. malayi.    The source of the 
parasites was Aedes aegypti mosquitoes  (black eye strain) which had been 
membrane fed 11 days previously on infective patas monkey blood.    All 
exposed monkeys developed patent infections 10-12 weeks post-exposure 
and remained patent  throughout the experiments.     Radionuclide  experi- 
ments were performed during the 36th to hQth week of infection. 

Monkeys were prepared for radionuclide studies by anesthetizing 
them with mg/kg SernylanR (phenyclidine hydrochloride) given intra- 
muscularly.    An additional 1 mg/kg of the drug was given 1 hr later 
during studies requiring 2 hr to complete. 

The radiopharmaceutical,  ^'^ Technetrum-sulfar colloid (Tc-SC), 
was prepared according to Dunson et al.    Each monkey received approxi- 
mately 1 mCi of Tc-SC suspended in 0.2-0.3 ml saline per foot.    Injec- 
tions were given subcutaneous"1^  in the distal third of the 2nd-3rd 
metatarsal space.    Gamma emissions were counted at the injection sites 
from time zero for 1 min using a high performance  scintillation camera. 
Hinds limbs then were exercised passively for 5 min to stimulate lymph 
flow.    At various times from 10-120 min post-injection,  the pedal sites 
were recounted;  serial counts also were obtained fron popliteal and 
abdomino-pelvic node areas.    All counts represented the combined 
emissions from the  right and left side of each animal. 

Monkeys were placed in a supine position beneath the gamma jensor 
during counting.    Lead shields were placed appropriately during each 
count to insure specific counting with maximum uniformity.    These 
shields were placed proximally to the malleolus during pedal counts, 
distally and proximally from the knee for popliteal counts, and distally 
to the inguinal region and immediately proximally to the navel for 
abdominopelvlc counts.    Scintophotos, when desired, were taken simul- 
taneously with counting. 

Because of the  short half-life of the isotope  (T  1/2 = 6 hr, K 
min) all counts were standardized to the time of the first count taken 
during each experiment using the standard isotope decay formula. 

Radiographic  lymphangiograms were performed using Evans blue dye 
and the radio opaque contrast medium EthiodolR after Kinmonth. 
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Four hr prior to necropsy, all monkeys received a total of 0.1 ml 
Evans blue dye subcutaneously between the 2nd-3rd and Uth-5th toes for 
delineation of lymphatics.    Leg skin was removed from all infected 
animals at necropsy and soaked overnight in normal saline at 26 C.    The 
saline washings then were examined for adult worms with a dissecting 
microscope.    Standard histologic procedures were followed with tissues 
fixed in 10^ neutral buffered formalin,  sectioned at 6 microns,  and 
stained with hematoxylin and eosin. 

I 

A radiographic lymphangiogram of a normal patas monkey detailing 
the lymphatic vessels and nodes in the lower extremities is shown in 
Figure l£.    Figure 17 is a scintophoto using Tc-SC which images the 
lymphatics in the popliteal and ab domino-pelvic area of a normal patas. 
The radiographic technique clearly illustrates lymph nodes and vessels 
in greater detail than does the isotopic technique.    The Ethiodol is 
seen, however, only after a sufficient amount is  injected under pressure 
into the lymphatic system to fill the nodes and vessels to be image.    In 
contrast, the amount of Tc-SC in the nodes and vesels is entirely a 
function of the ability of the lymphatic system to passively transport 
the radionuclide from the point of subcutaneous  injection to those loca- 
tions . 

The results of 3 to 5 individual isotope exposures per monkey 
showing relative isotope migration rats and popliteal and abdomino- 
pelvic appearance rates are demonstrated at 20 min post-injection in 
Figure 18.    These data indicate that the infected monkeys on the average 
are not as efficient as the control monkey in clearing the isotope from 
the injection sites and moving it up to nodes into which lymph drains 
from the pedal area.    Pedal migration rates in the 3 infected monkeys 
(925, 927, 928) averaged 55,  39,  and 20$), respectively, of the control 
animal's average migration rate.    Likewise, popliteal and abdomino- 
pelvic appearance rates of the 3 infected animals averaged 96 and ^6%, 
67 and 60fo, and 33 and 11%,  respectively, of the control animal's 
average appearance rates.    In spite of these differences, however, 
infected monkeys showed no signs of lymphedema in the affected liDibs. 

1 

The flow rate of lymph in patas #928 appeared to be the most 
altered of any monkey by its  filarial infection.    Therefore a number of 
2 hr studies was initiated with this monkey and control #92U to deter- 
mine whether the isotopic technique could be used to meaningfully 
quantitate lymph flow rates during time course  studies of filaria-in- 
fected animals.    A representative 2 hr study is  shown in Figure 19. 
These comparative migration and appearance curves  suggest that B. malayi 
infection in #928 resulted in a significant decrease in the efficiency 
of the lymphatic system as showed by the inability of the infected 
animals to quickly clear Tc-SC from the injection sites to the draining 
popliteal and abdcanino-pelvic nodes as compared to the control monkey, 

Histopathologic examination of all monkeys after necropsy sub- 
stantiate the results  of the  isotopic experiments.    The lymphatics in 
both legs  of the control animal  (#92U)  appeared normal.    The  isotope 
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flow rates in monkeys #927 and #925 were only moderately altered compared 
to the control animal.    Monkey #927 exhibited the least pathologic  in- 
volvement of any exposed animal.    Histologie sections of a few adult 
worms were seen in the afferent vessel to the left popliteal node with 
only slight occlusion of the vessel evident.    Extensive gross and histo- 
pathologic examination revealed no other adult worms in this animal. 
The pedal lymphatics of monkey #92;   were partially occluded bilaterally 
with numerous adult worms, most of „hich were viable.    Numerous lymphatic 
varices were noted in both feet.    The afferent lymphatic vessel to the 
right popliteal node was dilated.    No other adult worms were found in 
this animal except for 2 females recovered frcm saline washings of the 
leg skin. 

Histopathologic examination of patas #928 revealed the most  exten- 
sive and severe pathologic  involvement of all infected monkeys.    These 
findings  correlate directly with the  severe  reduction in lymphatic  flow 
rates  seen in the isotopic  studies.    The afferent lymphatic to the right 
popliteal node was observed to be completely obstructed due to the 
presence  of a dead worm 1 cm distal to the node.    Sections  taken from 
the remainder  of the right afferent vessel showed both viable and dead 
worms with associated moderate  to severe lumenal blockage.     The  system 
as  showed by the Inability  of  the  infected animal to quickly clear 
Tc-SC   from the  injection  sites  to the draining popliteal and abdomino- 
pelvic  nodes  as  compared to the  control monkey. 

Histopathlogic  examination of all monkeys after necropsy sub- 
stantiate the results  of the  isotopic  experiments.    The  lymphatics  in 
both legs  of the control animal (#924)  appeared normal.     The  isotope 
flow rates in monkeys ?/9^7  and #9^5 were only moderately altered compared 
to the  control animal.    Monkey /r9-7  exhibited the least pathologic  in- 
volvement  of any exposed animal.    Histologie  sections  of a few adult 
worms were  seen in the afferent vessel to the left popliteal node with 
only slight occlusion of the vessel evident.    Extensive gross and histo- 
pathologic  •■■-.amination revealed no other adult worms  in this  animal. 
The pedal lymphatics  of monkey #925 were partially occluded bilaterally 
with numerous  adult worms, most  of which were viable.     Numerous lympha- 
tic varices were noted in both feet.     The afferent lymphatic vessel to 
the  right popliteal node was   dilated.    No other adult worms were  found 
in this  animal except  for 2  females  recovered from saline washings  of 
the  leg  skin. 

Histopathologic examination of patas #928 revealed the most  exten- 
sive  and  severe pathologic   involvement  of all infected monkeys.     These 
findings  correlate  directly  with the  severe  reduction in  lymphatic  flow 
rats  seen in tin   isotopic  studies.    The afferent lymphatic  to the  right 
popliteal node was,  observed  to be  completely  obstructed due  to the 
presence  of a dead worm 1 era distal to the node.    Sections  taken from 
the  remainder  of the  right  afferent vessel  showed viable  and dead worms 
with  associated moderate  to  severe  lumenal blockage.    The  contralateral 
afferent  lymphatic was  very   similar  except no area of complete  obstruc- 
tion was  observed.    Th-'- pedal  lymphatics  on both sides were  extremely 
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Figure 1? 

dilated and partially obstructed with numerous viable worms present. 
Gross appearance of the pedal lymphatics of #928 showed marked lymphan- 
gitis with dilated, tortuous,   and beaded lymph vessels  (Figure 20).     In 
contrast,  in the control monkey a normal pedal plexus showing only deli- 
cate filamcnto\is vessels was visible  (Figure 21).    No other adult    worms 
were seen in #928 except for 3 females recovered from leg skin washings. 

Three general types of lymphatic vessel lesions were  r.een micro- 
scopically in the infected animals.    First, the reaction associated with 
the presence of viable adult worms was dilatation with endolymphangitis 
and perilymphangitis characterized by endothelial swelling and subendo- 
thelial proliferation.    Second,  lesions associated with dying or recently 
dead adult worms were more  severe with pooling of eosinophils and neutro- 
phils  around the worms.    The  associated lymphatic vessel wall was  dif- 
fusely infiltrated by an admixture  of inflammatory cells.     These  factors 
together resulted in moderate vessel obstruction.    The most  severe lesions 
were granulcmatous and associated with partially or completely calcified 
adult worms.    Histiocytes and foreign body giant cells often surrounded 
these  dead worms.    Obliterative  lymphangitis with perilymphatic  fibrosis 
was often the  sequelum to this  chronic inflammatory process. 

Radiographic lymphangiography has been a very useful tool in describ- 
ing detailed morphologic  changes  of lymphatic vessels  and nodes  in animal 
and human filarial disease.     The technique, however, has numerous  draw- 
backs:     frequently repeated exposures  are not possible because  of long 
lasting residual which may result in  severe tissue reactions, the proce- 
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LEGENDS FOR FIGURES 

Figure 16 - Radiographic lymphangiogram (lateral view) of a normal patas 
monkey detailing the popliteal node (closed arrow) and the 
abdcmino-pelvic nodes (open arrows). The afferent lymph 
vessel to the popliteal node which originates from the pedal 
area is clearly visible. 

Figure 1? - Scintophoto (frontal view) of a normal patas monkey imaging 
the popliteal nodes (bottom) and the abdcmino-pelvlc nodes 
(top). 

Figure 18 - Relative Tc-SC injection site disappearance rates, and pop- 
liteal and abdcmino-pelvlc appearance rates in B. malayi - 
infected patas monkeys at 20 mln post-injection. (Numbers 
in parentheses equal individual experimental readings per 
animal; vertical brackets represent their range). 

Figure 19 - Tc-SC injection site disappearance curves and popliteal and 
abdcmino-pelvlc appearance curves for B. malayi - infected 
patas (#928) versus control patas {#^2^)  over a 2 hr period. 

Figure 20 - Dorsal pedal lymphatic plexus of right foot of B. malayi - 
infected patas §928.    Note the highly dilated, tortuous, and 
beaded lymph vessels. 

Figure 21 - Dorsal pedal lymphatic plexus of left foot of control patas 
#92^ showing delicate, filamentous lymph vessels. 
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dure is relatively difficult and has a significant failure rate, and 
contrast medium must be forced into the lymphatics under pressure. 
Furthermore, numerous complications may result frcm this procedure. 
Because of Technetium's short half-life, the isotope technique de- 
scribed in this study can be performed as often as every 2nd or 3rd 
day if desired. The technique requires only a single subcutaneous in- 
jection of the saline-suspended colloid which is passively absorbed into 
the lymphatic system. There are no known complications resulting from 
the procedure. 

Radiographic lymphangiograms shewed that the location of the popli- 
teal node in ^he patas was in the primary lymphatic drainage chain from 
the dorsum of the foot. This condition is similar to that of the cat 
and dog but not the rhesus mohkeh. Histopathologic examination of patas 
lymphatics in the present study demonstrated a worm migration pattern 
most closely resembling that of experimental infections of B. malayi in 
the cat where with very few exceptions worms migrated only as far as 
the popliteal node when the host was exposed on the volar surface of 
the foot. This situation makes possible the use of the patas as a uni- 
laterally infected animal where the contralateral leg can be used as 
an autocontrol during isotopic and radiographic studies. The major patho- 
logic effects of B. malayi upon the patas monkey lymphatic system appear 
to occur distal to the popliteal node where essentially all adult worms 
are recovered. These effects were manifested in this study by decreased 
flew rates of Tc-SC-labeled lymph. 

In spite of a marked decrease in lymphatic efficiency, particular- 
ly with patas #928,  there was no evidence of clinical edema of the feet 
or legs. This suggests that significant impairment of the lymphatics 
may occur in the absence of clinical symptoms, Bosworth et al showed 
that cats unilaterally exposed in one hind leg to B. malayi were made 
susceptible to a secondary Group G beta hemolytic streptococcal infec- 
tion which caused lymphangitis, abscesses, and edema in the Brugia-in- 
fected leg. The contvaolat'-ral leg which was exposed only to the strep- 
tococci showed no signs of bacterial infection. Cats showed no clini- 
cal symptoms in the Brugia-infected legs before streptococcal challenge. 
These data along with the results of the present work suggest that 
filarial infection by itself may not be entirely responsible for the 
edema and elephantiasis. As Drinker et al postulated, secondary bac- 
terial infections which cannot be adequately resisted and cleared by 
the host due to lymphatic blockage may contribute significantly to the 
onset and progression of lymphstasis and elephantiasis. The isotopic 
technique described herein could be very useful in detecting filarial 
disease before such clinical symptoms become evident. Because of these 
encouraging preliminary re^dts a larger and more definitive experiment 
using unilaterally and bilaterally exposed patas monkeys has been initi- 
ated to further study changes in lymphatic dynamics during long term ex- 
perimental filarial disease. 
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6. Immunolcgical reactions in rabbits experlmentalXv Infected with 
Schistosoma japonicum. 

Allergic manifestations are an important component of schistosomal 
infections. Skin reactions of the immediate hypersensitivity type have 
been readily detected in people and experimental animals and reagin-like 
antibodies have been demonstrated in vivo and in vitro. However, attempts 
to detect cell mediated immunity in infections established by the normal 
route produced conflicting results. Increase of lymphoblastogenesis was 
demonstrated in chimpanzees experimentally infected with Schistosoma 
japonicum by incorporation of tritiated thymidine into lymphocyte DNA 
following an antigenic stimulus. However, no delayed skin hypersensi- 
tivity was observed in these animals. The skin tests were conducted 
with only one antigen considerably after the peak of blastogenesis on a 
limited number of chimpanzees. Therefore, these results did not provide 
definitive evidence of delayed hypersensitivity. 

Therefore, rabbits were exposed to S. japonicum cercariae and the 
presence and extent of hypersensitivity reactions wer^ monitored by 
passive cutaneous anaphylaxis, by antigen induced histamine release and 
by determining the degree of stimulation of lymphocytes to antigen at 
frequent intervals. Before necropsy each animal was given intradermal 
inoculations of egg, cercarial, somatic adult and metabolic adult anti- 
gens, and their reactions were observed grossly and histologically. The 
effects of S. japorocum infection on serum complement activity were also 
studied. 

Albino rabbits weighing 3»5 - ^■•5 kg were used in these experiments. 
Sixteen rabbits were each exposed to 150 S. japonicum cercariae and k 
were left as uninfacted controls. All animals were fed a standard diet. 
They were bled from the central ear artery before infection and at 
regular intervals for 18 weeks. 

Cercaxiae of the Japanese strain of S, J'->onleum were obtained from 
pools of approximately 50 infected Qnccmeli-'J"'' J. nosophora snails which 
had been exposed 3 - ^ months earlier to miracidia obtained by hatching 
eggs from lives of infected albino mice. The rabbits were exposed percu- 
taneously as described earlier. 

Soluble antigen fluorescent antibody (SAFA) tests and radioactive 
microprecipitin (RAMP) assays were done according to the described 
methods. 

The presence of immediate hypersensitivity reactions was monitored 
by passive cutaneous anaphylaxis and by antigen induced histamine re- 
lease. The degree of stimulation of lymphocytes to antigen was studied 
at frequent intervals with strict adherence to the technique described 
earlier. 

Seventy-two hours before necropsy each rabbit was given intra- 
dermally 0.1 ml of one or more of the cercarial, egg, metabolic or so- 
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amounts of thymidine incorporated was ten fold greater in the infected 
animals than the noninfected animals. 

An increase in complement level occurred in the infected rabbits 
beginning 6 weeks after infection. 

Examination of skin sections revealed mil,, to moderate lesions with 
focal to diffuse infiltrated dermis with apparent vessel and perifollicu- 
lar affinity.    Predominantly mononuclear cellular infiltrates were pre- 
sent.    Lesions were primarily in middle and deep thirds of the sections, 
increasing in severity as they approached the underlying musculature but 
without musculature involvement. 

Necrosis was of a cellular nature limited to the deep dermal third. 
Edema was generally found in the deeper dermal sections tending to sepa- 
rate collagen bundles. 

There were no significant differences among the several antigens. 
True Arthus phenomenon was not observed.    Pure delayed hypersensitive 
response was not observed.    The observations were consistent with a 
mixture of immediate and delayed response along with an inflammatory 
reaction. 

The results of these investigations support and extend those pre- 
viously observed in chimpanzees.    Immediate hypersensitivlty was demon- 
strable using in vitro and in vivo tests.    As reported previously al- 
though less than one-half of infected animals developed detectable PCA 
reactions in vitro artj gen-induced histamine release was detectable in 
all of the infected animals both in the presence and absence of passive 
cutaneous anaphylactic antibodies.    Similarly, both homocytotropic 
antibodies  (as detected by the RAMP test) and blastogenesis were demon- 
strated in all infected animals. 

Since there is some evidence that antigen-induced lymphocyte trans- 
formation may not correlate with delayed hypersensitivlty, confi.^a'-.ory 
evraerrce was to be derived by the histologic examination of skin 
biopsies at various intervals following introduction of k different 
antigens.    However, no clear indication of skin reaction of the delayed 
type was observed with any of these k antigens employed at any of the 
times studied.    It is possible that the immediate reaction might have 
interfered with the ensuing skin reactions of the delayed hypersensi- 
tivlty type. 

It has been suggested that some of the lesions of schistosomiasis 
may result from irranme complexes.    In the studies conducted in chimpan- 
zees,  although no significant differences wore noted in the mejn values 
of complement levels among infected and noninfected groups, there was 
a general decline was  observed coincides with the massive release of 
eggs near the beginning of patency, the possibility of fixation of 
the complement  components to antigen-antibody complexes with consequent 
depletion from the  serum was  suggested.    However,  in the present  studies 
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matic adult antigens along with a normal saline control.    The result- 
ing lesions were excised and fixed in lOfo buffered formalin for light 
microscopy.    Histologie sections were prepared,  stained with hematoxy- 
lin and eosin and examined. 

The complement levels were  determined with sheep red cells which 
had been stored no longer than  3 weeks in modified Alsever's  solution. 
They were washed and spectrophotctnetrically standardized to contain 
5 x 10°    cells per ml.    The preparation of sensitized cells and the 
spectrophotometric method for  complement assays used were  described 
previously. 

All the rabbits exposed to S.  japonicum cercariae  became infected 
and began excreting eggs in the feces between 8 and 12 weeks  after 
exposure.    Six of 16  infected animals produced reaginic  antibodies 
detectable by passive cutaneous  anaphylaxis 6 weeks after exposure. 
Reaginic activity was  still detectable in two of the iß  animals 17 weeks 
after expooore.     In 10 infected animals and all four uninfected controls, 
no reaginic  activity was  demonstrated by PGA.    No relationship was 
observed between the presence  of PCA reactions  and the  intensity of 
infection as  determined by egg counts.    All of the  infected animals and 
none of the uninfected controls developed fluorescent antibody titers 
using cercariae as  antigen beginning k weeks after exposure to infection. 
Antibody produced as measured by the SAFA test followed a different 
time course  of development.     Fluorescent  antibodies were  detected at low 
titers  in the  sera of a few animals k weeks after the exposure to in- 
fection.    The titers increased rapidly and remained elevated for the 
duration of the experiment.    The SAEA test results  and PCA reactions of 
serum frcm S.  japonicum infected rabbits are  shown graphically in 
Figure 22. 

Previous  studies had indicated that the RAMP assay can reliably 
measure activity due to antibodies primarily of the IgE  class  and can 
be used to demonstrate the binding of antigen by reaginic  antibodies in 
schistosomiasis.    Therefore,   all the  sera from the rabbits were assayed 
every two weeks  for RAMP activity.    As shown in Figure 23,  all animals 
gave negative results  (<^0 percent precipitation) before tv.ro weeks and 
k weeks after exposure.    However, 6 weeks  after exposure the  sera of 
infected animals precipitated  increased amounts  of radioactive antigen 
and these valups remained elevated for the duration of the  experiment. 

The most reproducible  and quantitative technique for measuring the 
response of lymphocytes to an antigenic  stimulus  is  an assay  of the 
total tritiated thymidine uptake by sensitized lymphocytes.    This  quan- 
titative measun   of total DNA  synthesis by lymphocytes  is a sensitive 
indicator of UP ir transformation.    Blast transformation was  studied in 
lymphocytes   from the peripheral blood of rabbits  at monthly intervals 
after exposure  to  infection.     The amount  of thymidine  incorporated by 
lymphocytes  obtain'"!  from noninfected rabbits  remained low throughout 
the experiment.    A significant increase in DNA synthesis was  observed 
in the  infected animals 6 weeks after exposure.    The  difference in 
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complement levels in the infected animals were hipher than those of the 
uninfected controls at all times. These differences between the results 
in the chimpanzees and those in the rabbits may be in line with previous 
observations of marked glcmerulonephritis observed in infected chimpan- 
zees and the relative absence in rabbits. 

These experiments confirm the presence of immediate hypersensitivity, 
demonstrable by in vitro and in vivo tests. However, although blasto- 
genesis was demonstrated in all infected animals no clearcut indication 
of skin reaction of the delayed type was observed with any of the four 
antigens employed at any of the times studied. 

7. Effects of chemotherapy on the evolution of schistosomiasis 
japonica in chimpanzees. 

Studies conducted on 15 chimpanzees experimentally ini'ected with 
Schistosoma japonicum have shown that pipestem fibrosis and its asso- 
ciated nephropathy can be reliably reproduced in this animal. There- 
fore, studie: of pathogenesis, treatment, and management in this model 
are likely to be applicable to human schistosomiasis.  Information can 
be obtained on the favorable or unfavorable effects of schistosomi- 
cidal treatment at various stages of infection and, in particular, on 
whether established bilharzial lesions in various organs are persistent 
or reversed after treatment.  Such information would be difficult to 
collect in a clinical setting where the time and number of exposures, 
the intensity of infection, and the role of other pathogenic factors 
are usually unknown. 

Recent studies have shown that administration of a nitrovinylfuran 
derivatives (SQ 18,506) to Rhesus monkeys infect^-u. with either S. mansoni 
or S. japonicum resulted in marked chemotherapeutic activity and no 
apparent host toxicity. The number of worms recovered from the treated 
monkeys was reduce ' considerably and the few surviving worms were stunted. 
Damage to these worms was also revealed by a very marked decrease in 
the number of eggs present :;n the tissues and feces of the host. 

Most clinicians have found that treatment, apart from the immediate 
toxicity of the drug itself, is beneficial. While it is true that worms 
killed by treatment "licit sever-} local reactions, thes^ are gradually 
resorbed leaving small residual lesions and the attemp' s to relate 
lesions surrounding dead worms to the pathogenesis of 'dpestem fibrosis 
are unconvincing.  Other investigators have suggest... 1 ""hat liver damage 
is caused primarily by dead adult schlstosomes. Gadun et al concluded 
that, at lr'ast in mice, the time at which chemotherapy is instituted is 
an important determining factor. When chemotherapy was begun shortly 
after egg deposition, it prevented the establishment of hepatic fibrosis. 
Conversely, if given when liver damage was already extensive, irreversi- 
ble lesions persisted. Warren found that portal hypertension in schisto- 
scme-infected rice decreased rapidly after treatment.  In more chronic 
infections, slight portal hypertension and lontidcrable fibrosis per- 
sisted after treatment. 
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Pipestem fibrosis of the liver is the principal cause of morbidity 
and mortality in S. mansoni and S. japonicum infections, and nothing is 
known concerning the reversibility of this lesion. Chimpanzees offer 
the unique opportunity to study the outcome of this lesion under con- 
trolled experimental conditions. Therefore, experiments were conducted 
in chimpanzees to determine whether or not regression of hepatic fibrosis 
may occur after successful treatment. 

Nineteen young chimpanzees from West Africa were used in this study. 
Of these 1? were exposed to 35-50 cercariae per kilogram of body weight 
and 2 were left as uninfected controls. The weight of each animal at 
the time of exposure and the total number of cercariae to which they were 
exposed are recorded in Table 8. Ten of the 17 infected animals were 
treated at various times after the onset of patency (Table 8). 

Splenectomy was performed on most of the chimpanzees for use in an 
unrelated experiment with Plasmodium falciparum. These animals were 
utilized after termination of the malaria infection by therapy and were 
healthy when selected for this study. At autopsy accessory spleens were 
found in 5 splenectcmized animals. Previous studies indicated that 
splenectomy had no demonstrable effect on the host response of chimpan- 
zees to schistosome infections. 

rcariae of the Japanese strain of S. japonicum were obtained from 
:' 50 to 100 infected Oncomelania huponsis nosophora snails that 
n exposed 3 to ^4 months earlier to miracidia obta' ■ i by hatching 

.'rcm livers of infected albino mice. The chimpanz/ re exposed 
ac described previously. Mice were similarly exposed - rcariae 
from the same suspension and used as infection control utopsy, 
6 to 10 weeks after exposure, the recovery of adult wor in these 
controls varied from 60 to 75 percent. 

Feces of each chimpanzee were examined weekly for schistosome eggs, 
using the same technique described before. Blood was collected from 
each animal at regular intervals for serological, biochemical and hema- 
tological studies. All infected chimpanzees except Nos. 36U, 650, 65I 
and 759 were subjected to laparotomy and wedge biopsy of the liver and 
kidney two and one-half months after infection. All survivors were 
subjected again to open biopsy 5 months after infection and three of 
them were biopsied again 9 months after infection. Before autopsy the 
portal pressure of these animals was measured as described previously. 

During autopsy the mesenteric and intrahepatic portal circulation 
were perfused separately. The number of eggs in various tissues was 
determined after digestion in 4fo potassium hydroxide at 37 C f'jr 12 to 
l8 hours. This method as well as methods for per fusion, pathological 
and histological studies have been described previously. 

The methods employed for administration of the nitrovinylfuran 
derivative, the dosages and the attempts to promote bettor absorption 
of the drug will be described in a separate paper. From one to three:' 
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courses of trer.tment were given at various intervals after exposure to 
Schistosoma japonicum.    The animals were observed frequently  during and 
after treatment for weight loss,  anorexia,  lethargy  or  otherpossible  side 
effects  of the drug.     Results   of immunological studies  conducted in these 
animals have been reported elsewhere.    Complement fixation tests  for the 
detection of Australia antibodies were performed on all chimpanzees. 
Four  animals  (Nos.   36U,  370,   576 and 57?) reacted at titers  of 1 to iß 
or greater.    Of these,  one  (No.  3uH) was used as an uninfected control, 
one  (No.  370) was infected but not  treated  and two  (Nos.  576  and 577) 
were  infected and treated. 

Parasitological observations 
No schistosome eggs were  found in the stools of the chimpanzees 

before  exposure to cercariae  and for  several weeks  afterwards.    The 
onset  of patency as  determined by the  detection of eggs  in the fexes 
varied from 6 to 9 weeks.    Ihe  egg excretion pattern of the  untreated 
animals  followed a course  similar to that  observed in previous experi- 
ments.    The passage  of eggs  in the  feces  of treated animals  also in- 
creased initially,  except  in No.  759'    Coon after treatment,  egg 
passage was markedly suppressed and within 2 weeks after treatment eggs 
were  no longer detected.    However,  a few eggs reappeared in the feces  of 
3 treated animals.    The adult worms  recovered from the untreated animals 
(Ts'-jle 8) were active  and well developed and both  sexes were present in 
comparable numbers.    Conversely, most  of the worms  recovered in the 
treated animals were  stunted and male worms were predominate.    Intravltal 
staining revealed marked abnormalities in the reproductive  organs  of a 
high percentage of female worms recovered from the treated animals.    Most 
of the eggs recovered from tissue  digests were  in the liver and large 
intestine  (Table 9)-     The number of schistosome eggs recovered by  diges- 
tion  of various  organs after necropsy was  somewhat  lower in all treated 
animals  (Table 9)«    Most  of the eggs  in tissues  of treated animals were 
dark in color and appeared to be dead. 

Clinical observations 

No obvious  signs  of illness were  observed during the first 6 weeks 
after  exposure and all chimpanzees  gained weight early in the experi- 
ment.    This trend was reversed after patency and blood was  observed 
intermittently in the  stools   of some  animals.     Some  chimpanzees  lost 
their  appetites,   showed rapid weight  loss,  became  lethargic  and their 
mucosae became pale.    Five  of the 7 untreated animals died  spontaneous- 
ly,  2  of them shortly after  laparotomy  (Nos.  362,  587).    A third chim- 
panzee  (No.   359)  died of intercurrent pneumococcal meningitis,  pneumonia 
and septicemia confirmed by culture  and autopsy.    The  fourth chimpanzee 
(No.   372)  showed severe unresolved bacterial pneumonia.     In addition, 
a fifth animal  (No.   12)  exhibited acute pyelonephritis  at necropsy. 
Among the treated chimpanzees  only  one  died  spontaneously,   five months 
after  infection,  presumably of septicemia.    At autopsy many vessels 
contained fibrin thrombi  and bacteria.    Since  all but one  of these 
spontaneous deaths occurred  in  the untreated group,   schistosomiasis 
probably played a role  in fostering  or aggravating  complications. 
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Table 8 
Worm recovery in treated and untreated chimpanzees infected tiith S. japonicum 

Weisht Number 

Worm recovery Duration 
of 

infection Chimp Percent 
no. Rx (kg) cercanae M F Total recovery (munthi) 

360 Yes 12 6?^ 7 2 9 1.4 9 
364 Yes 18 637 6 1 7 1.1 4 
371» Yes 13 654 41 48 89 13.6 5 
576 Yes 15 703 4 1 5 0.6 9 
577 Yes IS 757 14 5 19 2,5 16 
650 Yes 19 674 5 0 5 0.7 4 
651 Yes 17 633 0 0 0 0 4 
759 Yes 13 320 0 0 0 0 4 
955 Yes 11 533 0 0 0 0 16 
956 Yes 10 750 3 2 7 0.9 16 

12 Ko 24 1,750 201 229 430 24.6 3 
359 No 13 658 XDt ND ND ND 3 
36.' No 22 1,115 ND ND ND ND 2 
370 No 21 1,057 78 78 156 14.8 9 
372 Xo 13 755 26 23 49 6.5 7 
57S No 12 596 ND ND ND ND 4 
758 Xo 11 420 59 20 79 18.8 4 

' This animal died 11 days after treatment. 
tND, not done 

Hematological observations 

Anemia was noted in all infected chimpanzees. Whereas the hemato- 
crit of the uninfected animals remained between ^0 and 50 percent, that 
of the infected animals decreased rapidly and approximately 3 months 
after exposure reached a level of one-half of the original value. In 
the treated animals the hematocrit and hemoglobin levels rapidly re- 
turned to normal. Infection also resulted in marked leukocytosis. In 
the uninfected chimpanzees the total number of leukocytes varied be- 
tween 20 and 30,000 per cubic millimeter. In the infected animals it 
increased rapidly to a maximum exceeding 100,000 in some cases. Three 
months after exposure to infection leukocytosis gradually subsided both 
in the treated and untreated animals, although more rapidly in the 
former group. While the percentage of neutrophils increased in the 
infected animals, the number and percentage of lymphocytes decreased 
markedly beginning with the second month after exposure to infection 
and remained depressed throughout the course of the infection.  Thus, 
whereas in uninfected chimpanzees approximately two-thirds of the white 
blood cells were lymphocytes, in the infected animals the percentage of 
neutrophils far exceeded that of lymphocytes. Treatment reversed this 
abnormality so that toward the end of the experiment the treated animals 
had approximately the same percentage of neutrophils and lymphocytes as 
the uninfected controls. 
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Biochemical observations 

An increase in blood urea nitrogen was observed in some chimpanzees 
toward the latter part of the study and low blood glucose values were 
obtained in seme animals in the terminal stages of the disease.    However, 
no concistent interpretations of these tvo pnrameters were possible in 
view of the large proportion of chimpanzeer, that died spontaneously.    A 
decrease in prothrcmb-n activity was observed in the Infected animals 
beginning 2 months after exposure.    Whereas in the untreated chimpanzees 
the prothrcmbin activity nevere exceeded 30$ of the normal controls,  in 
the treated animals it reached nearly normal values within 2 months after 
treatment.    There was no significant elevation of transamlnase levels in 
the infected animals over those of the treated chimpanzees or of the 
uninfected controls.    Therefore,  no significant trends were detected. 
Likewise no significant trneds were observed in the portal pressure 
measurements conducted at necropsy. 

Table 9 

Number and distribution oj eggs in various organs in treated and untreated chimpanzees injected with S. 
japonicum 

R> 
No. worms 
recover wJ 

Mean number of eggs/« tissue (I.OOO'i) 
Total eggs 
in tissue 
(l.OOO's) 

Chimp 
no. Uvfr Lungs 

Small          rriiTim.il 
int.               colon 

Distal 
colon 

360 Yes 9 7.2 2.6 <0.1            6.0 3.1 5,592 
364 Yes 7 1.0 <o.i <0.1             0.9 0.8 1,058 
371* Yes 89 6.5 0.3 0.4            4.0 6.9 8,402 
S76 Yes 5 3.5 0.8 0.1             3.S 1.1 3,sr 
S77 Yes 19 6.0 0.3 0.4            8.4 11.6 10,785 
759 Yes 0 0.1 0.1 0.2                    0.7t KVt 
650 Yes 5 1.8 0.1 0.2             1.8 08 1,863 
651 Yes 0 1.2 0.1 0.1             1.1 0,5 1,187 
953 Yes 0 6.2 5.1 1.8           U.6 21.S 14,292 
955 Yes 7 3.7 1.0 0.3           14.0 6.0 6,127 

12 No 430 10J 4.1 ' 0.2            13.2 18.9 14,177 
359 No ND 3,5 <o.i 0.2             7.3 1.9 4,353 
362 No ND 0.6 2,8 <0.1             5.7 2.9 4,800 
370 No 156 4.0 3.8 0.4             6.9 7.0 8,717 
372 No 49 9.5 5.2 1.0                   13.6t ND 
578 No ND 8.7 2.9 5.7           19.0 12.1 11,901 
758 No 79 1.6 0,1 0.1             1,3 2.9 2,182 

" This animai died 12 days after treatment. 
t Kntire colon. 
1 NO. not done. 

Total servm protein concentration increased in most cnimpanzees 
as the infection progressed. As previously recorded, the largest 
increases occurred in the chimpanzees with infections of long duration, 
particularly in those showing the greatest clinical deterioration.  In 
contrast to the hematological observations which indicated a rapid 
return to preinfection levels shortly after treatment, the serum gamma 
globulin levels of the chimpanzees in the treated group remained ele- 
vated throughout the course of the experimen-1". This increase occurred 
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Fig 2k -  Chimpanzee No. 36O, liver biopsy at 2 l/2 months before 
treatment. Middle sized portal field showing diffuse 
inflammation, edema and early fibrosis. Note encroachment 
on liver end plates by inflammatory foci; large granulomas 
are seen on left, distal to the diffuse inflammation and 
there is slight arterial dilatation. Portal vein col- 
laterals are present near the upper margin, but the main 
portal branch is not included in this field. 

approximately 6 weeks after exposure to infection and was not reversed 
by treatment. At the end of the experiment the treated animals had 
approximately the same levels of gamma globulin as the untreated in- 
fected controls. Alpha 1, alpha 2 and beta globulin levels in the 
infected animals remained essentially unaltered regardless of treatment. 
A decrease in the albumin was observed in the infected chimpanzees as 
the infection progressed. Shortly after treatment the albumin levels 
rose somewhat in the treated animals but remained below those of the 
noninfected controls. 

Pathological findings 

a. Untreated chimpanzees. The principal gross and microscopic 
findings are summarized in Table 10. The stages, grades and histologi- 
cal appearances of the lesions showed the same spectrum as reported 
earlier. Moreover, there was similar correlation with the duration of 
infection. Approximately 2 l/2 months after exposure the liver involve- 
ment consisted largely of granulomatous changes with diffuse inflamma- 
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Fig. 25 - Chimpanzee No. 370. Cut liver surface at autopsy (9 
months) - Untreated. Classical, broad banded pipestem 
fibrosis. 

tion and mild fibrosis of the larger portal triads. Portal pipestem 
fibrosis, obliterative endophlebitis and arterial enlargement became 
well established during the third (Fig. 2k)  and fourth months, progress- 
ing steadily thereafter (Fig. 25). One animal (No, 12) showed both the 
stellate and the reverse form of the Hoeppli phenomenon as recently de- 
scribed in hamsters (Fig. 26). In the active colonic patches (Fig. 27), 
abnormalities of the mucosal pattern and focal proliferation of smooth 
muscle in the muscularis mucosae also seemed to increase with duration 
of infection (Fig. 28). The kidneys showed only mild focal mesangial cell 
proliferation of questionable significance before the kth month of infec- 
tion but thereafter the granular and mesangial lecion of schistosome 
nephropathy became progressively more evident (Fig. 29). Variable 
numbers of eggs and granulomas were observed in lymph nodes. Diffuse 
enlargement of abdominal and of some thoracic lymph nodes was present 
in most infected chimpanzees. These were characterized by follicular 
prominence with large, reactive germinal centers, expansion of sinuses 
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Fig. 26  - Chimpanzee No. 12,  liver at autopsy (3.8 months). 
Untreated.    A mature,  secretory stage S.  japonicum 
egg in the granuloma center is  surrounded by degranu- 
lating neutrophils. 

Fig.  27 - Chimpanzee No.  370.    Colonic mucosa at  autopsy 
(9 months)  - Untreated. 
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and cords into the cortex with numerous plasma cells and eosinophiles 
and large numbers of vasculated macrophages which imparted a "starry 
sky" appearance to the cords, a pattern suggesting hmoral antibody pro- 
duction (Figs. 30,  31).    Some lymph nodes, which contained both eggs and 
granulomas,  showed in addition perilymphadenitis and pericapsular fibrosis 
or bilharzicmatous change.    Two chimpanzees showed focal necrotizing 
inflammation of small arteries unrelated to sites of egg deposition 
(Fig. 32) with endothelial and smooth muscle proliferation and a well 
circumscribed largely mononuclear and eosinophilic infiltrate.    Hyaline 
droplets similar to those described in schistosomal nephropathy were 
observed in some foci, lying free or within cells (Fig. 33)-    No signi- 
ficant parenchymal necrosis or hemoarrhage was associated with these 
lesions. 

In addition to the complications listed elsewhere, other nonschis- 
tosome related lesions consisted primarily of ciliates in the colon of 
k animals and filarial worms in abdominal lymph node afferents. 

b. Treated chimpanzees.    The lesions in these animals are described 
in Table 11.    They were similar to those of the untreated animals, but 
were less  intense and frequently inactive or involuting (Fig.  3^).    The 
distinction between prevention and reversibility of lesions was sometimes 
not easily ascertainable.    However, whenever possible, a comparison 
between treated and -untreated chimpanzees and between pretreatment and 
post-treatment pathology was done to assess regression. 

c. Comparative pathology of treated and untreated- chimpanzees. 
One chimpanzee  (No. 759) treated at 2 months,  showed no gross lesions 
and only minimal,  inactive microscopic pathology (Table 11).    Two of the 
treated animals showed autopsy lesions indistinguishable in degree from 
those of the untreated group (Fig. 35)»    One of these (No.  371) died 
shortly after treatment.    The  other (No. 955) after approximately one 
year showed a larger proportion of inactive patches in the colon but 
severe pipestem fibrosis.    The remaining 7 treated animals showed 
variable pathology. 

In tVie colon of the treated animals the number and size of patches 
was reduced and the proportion of normal looking mucosa increased 
(Fig.  36).    By gross examination the inactive patches lacked hyperemia 
and mucosal erosion.    They were smoother, more brownish and less ele- 
vated than active patches,  although a few ere polypoid in shape.    Histo- 
logically,  immature  (basophilic) and mature  (secretory) eggs were fewer 
in number,  and in some instances,  absent,  as were the corresponding 
exudative granulomas.    Conversely, clusters of egg shells, as well as 
degenerated and calcified eggs persisted in variable numbers and pro- 
portions, in the midst of declining or minimal tissue reaction (Fig. 37). 
However, in k of the 7 cases these"inactive lesions coexisted with 
lesser numbers of active patches  (Table 11) which were indistinguishable 
from those of untreated animals.    Furthermore,  alterations of the crypt 
pattern in the mucosa, mural fibrosis and focal smooth muscle hyperpla- 
sia persisted in larger patches. 
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Fig. 28 - Chimpanzee No. 370. Section of sigmoid colon at 
autopsy (9 months) - Untreated. 

Fig. 29 - Chimpanzee No. 37'. Kidney at -ut^psy (7 Months) 
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Fig. 30 - Chimpanzee No. 362. Kesenteric lymph node at 
autopsy (2.2 months). Untreated. X100. 

Fig. 31 - Same as in Figure 30, magnified XU9O. 
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In the liver, hard whitish nodules representing healed composite 
granulcmas were seen in variable numbers (Fig. 38). None of the treated 
chimpanzees selected for comparison showed the classical broad banded 
pipestem pattern characteristic of the three untreated long-term con 
trols. Slender, or minimal portal fibrosis was recorded, with the 
fibrous cuffs not surpassing the width of the vein diameter itself (i.e., 
0.2 cm cuff around a 0.2 cm diameter vein) (Figs. 38,39)« In addition, 
the pipestem lesions in the treated animals showed an angular or spidery- 
configuration as opposed to the rounded, or redundant appearance on 
cross section in the untreated chimpanzees. This suggested consolida- 
tion and retraction of the fibrous sxruntures. Similarly, the subcapsular 
fibrotic septa representing terminal triad fibrosis appeared thinner 
and sharper, especially at l6 months. Areas of grossly undisturbed 
parenchymal pattern were larger (Figs. 38, 39)- Thus, gross evaluation 
of the liver fibrosis gave a ^ood indication of the effects of treat- 
ment, and was predictive of the microscopic findings. 

Histological examinations of the livers of treated chimpanzees 
revealed that the changes in egg characteristics in livers were like 
those in the colon. Variable but small numbers of mature eggs and 
exudative granulomas persisted focally in U of 7 animals. By contrast, 
groups of dead and calcified eggs and healed or involuting granulcmas 
were numerous (Fig. ^-O), attesting to the greater infection intensity 
which had existed in the past. Two animals showed large, hyaline scars 
suggestive of dead worm lesions (Fig. ^l). There was also a decline in 
the number of eosincphils and plasma cells arid in the density of diffuse 
inflammatory infiltrates in the portal fields and septa. These changes 
resulted in a less crowded appearance of the fibrotic areas, and a 
sharper border along the hepatic parenchyma, with less encroachment 
(Fig. h2).    However, lymphocyte aggregates persisted in moderate numbers 
(Fig. kO, hi).    Portal collagen appeared compact with little waviness, 
neovascularization, or interstitial edema (Figs. k2) h3).    Patent small 
and medium sized portal veins were more distinct in the treated group and 
portal endophlebitis was less active; however, some veins remained 
obliterated or narrowed by dense, fibrous intimal cushions.  Others were 
recanalized, or totally disrupted so as to require trichrome staining 
for identification. Many arterial branches remained thick-walled and 
wide (Fig. h2). 

In the lungs and lymph nodes viable eggs were fewer and involution 
of granulomas was observed. This was best seen in the long term sur- 
vivors. Fibrosis around the lymph nodes was not affected by treatment. 

1.1 the kidneys of the selected 7 animals glomerular changes were 
significantly less than expected on the basis of the duration of infec- 
tion. The only changes noted after k  to 6l months were focal mesangial 
proliferation, or mild expansion of the matrix. In two long-term treat- 
ment survivors (Nos. 956, 577) mesangial expansion along the capillary- 
stalks was minimal, with little cellular proliferation (Fig. kk),   and 
with normal capillary basement membranes (Fig. 1+5). This change suggest- 
ed regression of an earlier cellular proliferation, leaving the widened 
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Fig. 32 - Chimpanzee No. ?,70. Colon at autopsy (9 months). 

Untreated. 

Fig. 33 - Chimpanzee No. 370. Kidney at autopsy (9 months), 

Untreated. 
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Fig.  3^ - Left:     Chimpanzee No.  370 (untreated,  9 months); 
Middle:     Chimpanzee No.  576  (treated,  8 months); 
Right:     Chimpanzee No.  360 (treated,  8 months). 
Liver  slices. 

Fig.  35 - Chimpanzee No.  955-    Cut liver surface  (l£ months 1 
treated at k l/2 months. 
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stalk as its sole  stigma. 

d.    Sequential pathology in the liver of treated chimp uizees. 
Although an anatomical scoring method has been applied to autopsy livers, 
it was not discriminative enough for the biopsy samples of these uni- 
formly heavy infections. 
subjective observatiuns. 

Thus,  the  following evaluation  is based on 

Treatment within 2 1/2 months:    Four of the 5 chimpanzees   (Nos.  36^, 
650, 65I,  759) in "this category  showed no grossly detectable pipestem 
fibrosis at autopsy 2 months to 2 months 6 days after treatment.    Micro- 
scopically,  all eggs were  degenerate with subsiding or healed inflam- 
matory reaction.    Portal fibrosis was absent (No. 759)  or minimal (Nos. 
36)4, 65O, 651).    Biopsy had not been performed in these  animals before 
treatment.    The fifth animal (No.  956) which resumed egg excreta n after 
the  first course of treatment  showed slight pipstem fibrosis at autopsy 
2 months  12  days  after the  first treatment.    Some  improvement was noted 
in the first post-treatment  bionsy of this chimpanzee with little  change 
seen in the biopsy taken after the  second course  of treatment.    However, 
at autopsy,  16 months post-infection,   further decrease  of inflammatory 
activity and egg viability was  evident  (Fig. h3). 

Treatment at.  3 months:     In this initial biopsy,  one  animals was 
judged to have severe liver involvement  (No.  577) and another  somewhat 
less severe  (No.  360), but both showed pipestem lesions   (Fig,  2k), 
Chimpanzee No.  360 responded to a single course  of treatment with nega- 
tive stools, and with dramatic reduction of inflammatory activity in the 
liver  (Fig.  k2) which persisted at the time  of autopsy,   9 months  after 
exposure  (Fig.  39)• 

Chimpanzee No.  577  showed only moderate histological improvement 
after his first course of treatment.    Two additional courses were fol- 
lowed by slight further reduction in histological inflammation.    No 
further change was evident at autopsy,  7 months later.     Overall,  this 
animal benefited from treatment less than chimpanzee No.   360. 

Treatment at k l/2 months:    All three animals in this category 
(Nos.   3715  576  and 955)   showed severe portal inflammation and early 
fibrosis  on initial biopsy,  and these lesions had progressed toward an 
established pipestem pattern in the  second biopsy, prior to treatment. 
Animal No.  576  (treated twice)  showed moderate reduction of inflamma- 
tory activity at autopsy,   and fibrosis had progressed less than would 
have been expected in the  absence of treatment  (Fig.  U8).    Animal 
No.  371 which died shortly after a single treatment and animal No.  955 
(treated twice)  showed persisting inflammatory activity  in all subse- 
quent  tissue samples and,   at autopsy,  hepatic  lesions were  of similar 
degree as in untreated chimpanzees  (Fig. ^'j), as summarized in Table 11. 
Although in chimpanzee No.  955 there  was less  inflammation in the colon 
at  autopsy,  one year after treatment,  the liver nevertheless  showed 
severe,  broad-banded fibrosis. 
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Fig. 36 - Chimpaxizee No. 956. Colonic mucosa (3J6 months) 
treated at 2 1/2 months. 

Fig. 37 - Chimpanzee No. 577 (treated, 16 months). Colonic 

patch. 
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Fig.   38 - Chimpanzee No.  576.     Cut  surface  of liver  (9 months); 
treated at k 1/2 months. 

Fig.   39 - Chimpanzee No.  36O.     Cut surface  of liver  (9 months): 
treated at  3 months. 
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Thus, the histopathological responses to treatment varied indi- 
vlsually over a spectrum ranging from total success  (No. 759) to failure 
(No. 955) with the timing of the initial course of treatment being an 
important determining factor.    Some histological response to subsequent 
courses  of treatment was also noted.    Furthermore, the anatomical results 
were by far the best in those animals laddng evidence of residual ovi- 
position after treatment (Nos. 759»  36^-, 650, 651):  and correlated to 
some degree with the total number of eggs in organ digests  (Table 9? 
last column) which in turn reflects the effect of treatment  on the 
cumulative infection intensity (among other variables).    It  should also 
be noted that different drug formulations sind routes of administration 
had been used in the course of this  study which might account for same 
of the individual variations of the results. 

The four chimpanzees which had reacted to Australia antigen had 
no pathological alterations attributable to this viral infection.    Their 
livers and their hematological and biochemical findings were not demons- 
trably different from those of the nonreactors.    No lesions  attributable 
to nitxovinylfurane toxicity and no significant, abnormalities of the 
CNS were noted in either the treated or the untreated group. 

Although numerous investigators have compared bilharzial lesions 
before and after chemotherapy,  this  is the  first time that  such a study 
could be conducted in an experimental animal in which the major anato- 
ical lesions resulting from infection are similar to those occurring in 
man. 

Our findings contrasted with the proven frequent reversibility of 
serious lesions such as hydroureter and hydronephrosis following treat- 
ment of S. haematobium infection and agree with the traditional view 
that pipestem fibrosis due to either S. mansoni or S. japonicum once 
established is irreversible.    On the  other hand, the World Health 
Organiation's Scientific Group on Research in Bilharziasis  (Chemo- 
therapy) in its report to the Director General in 196^ concluded that 
there is some clinical evidence that chemotherapy can prevent the 
establishment of hepatic fibrosis if given early enough in the infec- 
tion.    The results of our studies with infected chimpanzees provide 
experimental evidence in support of this  statement. 

In our experience, the colonic, hepatic, and renal lesions of both 
series  of untreated £.  japonicum infected chimpanzees have been remark- 
ably predictable in degree and time  sequence.    Typically, the  onset of 
pipestem fibrosis can be placed at 2 1/2 to 3 months after  severe infec- 
tion.    Terminal triad fibrosis,  colonic  fibrosis and bilharziomas begin  at 
about the same time.    After the  fourth month, these lesions  are well 
established and mesangial changes  seen in the kidney progress to signifi- 
cant nephropathy. 

The drug formulation used in this  series was not completely para- 
siticidal.    Nevertheless, -when treatment was begun within 3 months,  all 
the  severe  lesions  of schistosomlasis japonicalisted above  failed to 
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Fig. Uo - Chimpanzee No.  360.    Liver  (9 months) treated at 
3 months. 

Fig.  hi - Chimpanzee No.  360.    Large,  convoluted,  quasi 
hyaline  scar. 
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Fig. ^2 - Chimpanzee No. 360, 2nd liver biopsy - after 
treatment. 

Fig. hj  -  Chimpanzee No. 'J'jt. 
•   1/. month:-.. 

Liver (lb monUiE). Treated at 
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appear.    Conversely, when therapy was delayed,  significant lesions per- 
sisted in the colon and liver.    Whereas Involuting patches and small 
fibrous  lesions in the colon need not be regarded as important, persist- 
ing pipestem lesions in the liver cannot be similarly ignored.    Despite 
the lesser degree of fibrosis seen in these livers and the static or 
quiescent appearance of most of the scars,  evidence of obstructive portal 
lesions and of an arterial shift of circulation remained for over a year 
after initial treatment with some condensation and retraction of the 
fibrous tissue, but otherwise with little change.    Thus, reduction of 
granulomatous and diffuse inflammatory activity in the liver was not 
acccmpanied by resorption of the fibrous tissue which had already been 
deposited before the treatment began.    The same was true of mice treated 
9 months after infection.    If this irreversibility is a function of the 
host collagen metabolism,  as seems likely,  it could also be expected to 
occur with more  effective  drug formulations.     On the  other hand, we 
found no evidence that the liver x")athology continued progressing after 
treatment  as might be expected if fibrosis were  caused by an autoimmune 
mechanism,  as has been suggested.     Rather,  in all instances,  persisting 
inflammatory activity in these livers was proportional to the  degree  of 
residual active infection.    S. japonicum eggs present in the tissues  of 
chimpanzees at the time of treatment were apparently destroyed only 
slowly.    This  is consistent with the  increasing accumulation of eggs 
seen in untreated chimpanzees and   'n marked contract to the rapid de- 
struction of S_.  japonicum eggs in rhesus monkeys. 

In the treated animals with improvement  of the liver pathology,  but 
with persisting portal fibrosis,  there was  a marked reduction in the 
degree  of glcmerular changes of the kidney suggesting at least  a partial 
reversibility  of these lesions.    Indeed,  the  degree of nephropathy  seemed 
more closely related to the degree  of active  oviposition and of diffuse 
inflammatory lesions, than of portal obstruction and fibrosis.    This 
would indicate that parasite load is an important factor in the patho- 
genesis of schistosome nephropathy and,  therefore,  effective parasiti- 
cidal treatment might prevent or halt this particular complication even 
after irreversible  fibrotic  damage has  already arisen in the  liver. 
However,   it must be noted that this evidence  as yet is  only suggestive. 
Further experimental and clinical studies may clarify this point. 

Regardless  of timing,  treatment  of  our  severely  infected chimpanzees 
resulted in the rather prompt reversal of most clinical symptoms as well 
as of hematological and biochemical abnormalities with the notable ex 
ception of the elevated iramunoglobulin levels  and with only partial 
correction of hypoalbuminemia.    These  findings  suggested a correlation 
of the hypochromic-microcytic anemia principally with the intestinal 
pathology,  and of the  serum protein abnormalities principally with the 
liver changes. 

In contrast to the post-treatment  crisis postulated by a number  of 
authors,  there wa.' no indication of any  immediate deleterious effects 
of treatment on the clinical or pathological conditions of these in- 
fected animals.    It has long been known that in schistosomiasis severe 
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Fig.  UU - Chimpanzee No.  956.     Kidney at autopsy  (l6 months). 
Treated at 2 l/2 monthG.    Haematoxylin-eosin, 
XU90.    Compared with the  full-blow nepVicopathy (Fig. 
16), this glomerulus  shows only minimal lesions;   it 
is normal sized, with focal mesangial expansion; no 
basement membrane alterations  or hyaline granules  are 
seen. 

Fig.  U5 - Chimpanzee No.  '■)%.     Kidney 
at less than  3 months. 

l6 months).    Treated 
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anatomical changes may be accompaliied by only mild clini'.al manifesta- 
tions and that liver pathology may progress during periods of clinical 
latency.    This was certainly the case in at least one of our chimpanzees 
treated late in the experiment (No. 955) j   in which progression of pipe- 
stem fibrosi^ occurred after clinical improvement and virtual absence  of 
passage of eggs in the stool.    Therefore,  the efficacy of treatment must 
ultimately be judged by its effects on pathological lesions as well as 
by its clinical results.    Since chimpanzees develop no appreciable portal 
hypertension in association with pipestem fibrosis, the effects of treat- 
ment on functional portal obstruction were not determined.    However,  the 
nearly uniform association of pipestem fibrosis with severe intrahepatic 
portal obstruction in man indicates that the presence of this anatomic 
lesion    is a reliable indication of severe  disease. 

Under the conditions of this experiment,  incomplete parasiticidal 
treatment given at any time up to 5 months after S. japonicum infection 
had prompt and favorable effects on the clinical and laboratory status 
of heavily infected chimpanzees, and no significant deleterious effect 
was noted in these animals.    However,  clinical or parasitological improve- 
ment was not a reliable indicator of the degree of the remaining anatomi- 
cal pathology.    Whereas egg excretion,  colonic lesions, renal pathologies 
and anemia all improved markedly after treatment, portal fibrosis per- 
sisted at about the  same stage which it had reached prior to treatment. 
Thus, in this experimental model, where progression to pipestem fibrosis 
occurs within the first 3-^ months of infection,   it could be completely 
prevented only by treatment within 2 l/2 months;   subsequent therapy 
succeeded in stabilizing the liver fibrosis, but not in reversing the 
damage which had already occurred. 

The  lack of effect of treatment on established portal fibrosis 
could not have been evaluated without wedge biopsy of the liver,  al- 
though in general,  serum gamma globulin levels  did parallel the degree 
of pipestem fibrosis.    Evaluation of the effects  of treatment on pipestem 
fibrosis in man will presumably be equally difficult,  although measure- 
ment of portal pressure  should afford a quantitative  index of portal 
obstruction. 

Although there are  significant differences between experimental 
schistosomiasis  in chimpanzees and human endemic  disease,  our results 
indicate  that parasiticidal treatment,  even when only partially effective, 
cannot be  considered as harmful at any  stage of the  disease.    However, 
the greatest benefits will be obtained by treatment  soon after the  onset 
of patency  in S.  japonicum.    The public  health implications of the 
finding are  obvious. 
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Project   3A161102B71Q  COMMUNICABLE DISEASES AND IMMUNOLOGY 

Task 00   Communicable Diseases and Immunology 

Work Unit 166, Viral Infections of man 

Investigators. 

Principal: LTC F. H. Top, Jr., MC; W. E. Brandt, Ph.D. 

Associate: COL P. K. Russell, MC; LTC P. J. Catanzaro, MC 
LTC P. K. Hlldebrandt, VC; MAJ R. E. Morrison, MC 
MAJ E. F. Tulloch, MC; CPT J. W. Le Due, MSC 
CPT Richard N. Hjorth, MSC; CPT J. W. Sagartz, VC 
J. M. Dalrymple, Ph.D.; V. R. Harrison; K. H. Eckels, Ph.D. 
A. B. White, Ph.D.; SFC A. W. Sampson; SP6 W. R. Parhair. 
SP5 D. R. Miller; SP4 J. H. Gilbert; SP4 W. R. Hogrefe 
PFC K. J. Belleville; PFC M. G. Florlp; K. H. Kos 
C. L. Parker; J. M. Mclown; G. E. Holmes; CM. Hampton 
R. J. Jackson; G. P. Onley 

Description 

To define the etiology and ecology of human vlns Infections, 
particularly those of military medical significance; to devise and 
evaluate means for precise diagnosis, control and/or prevention of 
disease. Studies have applied vlrologlcal, Immunological, epldemlologl- 
cal and physiological approaches to understanding disease caused by 
respiratory, arthropod-borne and other viruses, the factors Influencing 
transmission among men, other vertebrates and invertebrates, and their 
survival in nature. 

Progress 

I.    The arthropod-borne viruses 

A.   Antigenic analysis of the structural proteins of Slndbis virus 

The serological complexity of the alphaviruses (group A arbo- 
viruses) Is not well understood in that the antigens responsible for 
group and type reactivity have not been defined.   This group of viruses 
exhibits antigenic relationships similar to the flavivlruses currently 
posing sero-diagnostic problems. Studies of the physico-chemical 
separation of virus structural components for diagnostic antigens and 
immunogsns of potential prophylactic value     were initiated   using 
Slndbis virus, an alphavirus,   as e model. To date we have 
succeeded in isolating the nucleoapsid or "core" particle from three 
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alphaviruses, Slndbis, western (WEE) and eastern equine encephalitis 
(EEE) virus, and have shown them to contain common antigenic determi- 
nants, possibly relating all members of the alphavirus group (Dalrymple 
et al, 1973. In addition to the nucleocapsid protein, Sindbis virus 
contains two envelope glycoproteins which have heretofore been 
resolved only by techniques which at least partially denature these 
proteins, rendering them unsuitable for antigenic analysis (Schlesinger 
et al_, 1972). We have described in previous annual reports attempts 
to separate these envelope glycoproteins in a biologically active form, 
using detergent disruption and isoelectric focusing. The present 
report describes the identification of the separated virus components 
and a description of their antigenic properties. 

The observation (see last year's Annual Report) that the three 
separated proteins exhibited marked differences in isoelectric points 
(pi 3, 6, and 9) suggested that differences would be observed in the 
amino acid composition of these proteins. Purified Sindbis virus 
labeled with a commercial mixture of 3H-amino acids (New England 
Nuclear, rjoston, MA) was analyzed as a control and compared to a similar 
analysis of each of the three proteins recovered from an isoelectric 
focusing experiment of the detergent disrupted virus. Differences were 
detected in the distribution of six amino acids in the 3 proteins (Table 
1). The nucleocapsid protein (pi 3) appeared richer in threonine and 
glycine while the pi 6 envelope protein contained more methionine and 
tyrosine and the pi 9 protein more asparagine and histidine. Of the 
six amino acids in which differences occurred, only two (glycine and 
asparagine) were abundant in the virion preparations examined. These 
data are not meant to reflect the actual amino acid composition of the 
virus since differences in incorporation could well have resulted from 
differences in the concentration, specific activity, or rate of uptake 
of any of the amino acids in the mixture. Differences in distribution 
of any given amino acid in the three proteins, however, would suggest 
actual differences in primary structure. 

To determine the correlation between the two envelope proteins 
pi 6 and pi 9 and the envelope proteins Ei and £3 described by 
Schlesinger et al_, 1972), samples of each of the electrofocused pro- 
teins were anFlysed by discontinuous gel electrophoresis. Since this 
procedure is not routinely performed in this laboratory, these samples 
were sent to Dr. Sondra Schlesinger's laboratory for identification. 
The pi 3 protein was electrophoresed to the same point as the nucleo- 
capsid protein and the migration of pi 6 and pi 9 proteins correlated 
with E] and E2, respectively. 

Hemagglutinating activity was assayed by dilution of each of the 
fractions from an isoelectric focusing gradient of detergent disrupted 
virus.   Fig. 1 shows the distribution of hemagglutinin, using 
goose erythrocytes at pH 5.8.    A clear peak of hemagglutinating 

398 

UmgMaattuft'm "    ■ ^--•'-'■■'•-—■-if ill» MM' - Ill ..«uii^l 



fm^mmmmmm Hip,   i. .ij. ■m^i.imniij-^.    .. n.iij;|tii|iiij)ni).ffliijH.pim m^i^rtr^wrjsmf^vwmr^"-■■ jjiWf^imKjiiiPfa/.»!'^ 

i  ■ 

/ ^n 

P ^ 
i    i i i—i—i—• 

Figure   1 .  H^magglutinating (top panel) and complement fixing (bottom 
panel) activity of electrofccus fractions from a pH 3-10 gradient of 
detergent disrupted Sindbis virus.   Nonspecific lysis and anticomple- 
mentary effects exhibited in the acid region of the gradient have been 
deleted from the figure. 
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Table 1 - Incorporation of selected amino acids into Sindbis 
virion and individual protein components 

Amino 
acid Virion 

Percentage distribution in 
virion proteins 

pi 3 pi 6 pi 9 

Threonine 1.63a 76.5b 12.0 11.6 

Glycine 12.07 40.9 26.8 32.3 

Methionine 0.13 13.9 45.9 40.4 

Tyrosine 0.13 0 87.4 12.6 

Asparagine 7.18 28.1 29.9 42.0 

Histidine 0.91 27.3 27.3 45.5 

Percentage of total virion radioactivity found associated 
with the specific amino acid indicated 

Percentage of the combined total radioactivity (pi 3 + 
pi 6 + pi 9) for each amino acid 

activity was detected coincident with the pi 6 protein. Similar hemag- 
glutinating activity was not observed in the pH 9 region of the gra- 
dient. Lysis of the goose erythrocytes occurred in fractions below 
pH 3 and a 1:2 to 1:4 baseline of hemagglutinating activity was present 
in all fractions; however, these effects were attributed to the low pH 
and constant presence of detergent since control gradients containing 
no virus exhibited the same pattern of lysis and low tltered agglutina- 
tion. Further evidence that the pi 6 envelope protein reacts with 
erythrocyte receptors was obtained from experiments in which radioactive 
pi 6 and pi 9 antigens were incubated with goose erythrocytes at the pH 
optimum (pH 5.8) and at pH conditions that are not conducive to alpha- 
virus hemagglutination (pH 7.0 and pH 8.6). Following incubation at 
room temperature for 20 minutes, the cells were pelleted by centrifuga- 
tion and the radioactivity remaining in the supernatant was determined 
(Table 2). The pi 6 envelope protein attached to the erythrocytes at 
pH 5.8, but this interaction was markedly pH dependent and was greatly 
decreased at pH 7.1 and 8.6. The pi 9 protein exhibited very little 
interaction at any of the pH conditions examined. 
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Table 2 - Binding of pi 6 and pi 9 envelope proteins to 
goose erythrocytes 

Envelope % radioactivity bound 
protein pH 5.8 pH 7.1 pH 8.6 

pi 6 

pi 9 

83.0* 

0.8 

22.5 

12.0 

8.6 

0 

Percentage radioactivity bound was calculated by 
measuring radioactivity of each reaction condition 
before and after incubation with erythrocytes 

Fractions from the same column shown for hemagglutin analysis were 
assayed for complement fixing activity by reacting dilutions of each of 
the fractions with anti-Sindbis virus mouse hyperimmune ascitic fluid. 
The distribution of complement fixing activity is shown in the bottom 
panel of Fig. 1.    Antigenic activity was demonstrated at both pH 6 and 
pH 9 and was somewhat higher titered at pH 9.   Lysis and anti- 
complementary activity was associated with the acid region { < pH 3) 
of the gradient.   Dialysis of these fractions resulted in the elimina- 
tion of lysis but anti-complementary activity remained.    Fractions from 
a control gradient exhibited the same anti-complementary activity. 

Antigenic specificity of the three structural proteins was compared 
to the reactivity of the intact virion using the indirect radioimmune 
precipitation (RIP) test.    Antiserum to Sindbis virus consisted of mouse 
hyperimmune ascitic fluids (obtained by immunizing adult mice with 
infected suckling mouse brain suspensions) known to contain antibody to 
both intact virions and detergent disrupted virus components (Dalrymple 
et al_, 1973).   Rabbit antisera to isolated   viral    antigens was prepared 
using electrofocus purified antigens.   Virus antigens employed in the 
RIP test were either intact virions taken directly from sucrose gra- 
dients, isolated envelope proteins from isoelectricfocusing columns, 
or intact nucleocapsids and envelope preparations obtained by sucrose 
gradient centrifugation of detergent disrupted virus.    The pi 3 pro- 
tein antigen from electrofocus columns aggregated readily and yielded 
non-specific precipitation in the RIP test; however, the nucleocapsid 
particle antigen which was examined should exhibit similar specificity. 
The RIP reactions of intact virus and structural antigens with their 
respective antisera are compared in Table 3.   Mouse antiserum to 
intact Sindbis virus exhibited a high titered homologous reaction and a 
significant cross-reaction with closely related WEE virions.   Much 
lower titers were observed with the isolated structural protein 
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antigens. Positive RIP titers with 70-90% precipitation of the electro- 
focused membrane proteins were always obtained; however, titers were 
somewhat variable between different antigen preparations. The lower 
titers observed with detergent solubilized and separated antigens could 
be explained if detergent disruption of the virus results in a consid- 
erable increase in the exposed antigenic mass. Increased antigen 
concentration has been shown to reduce the apparent RIP titer of an 
antibody preparation. In these tests, all antigens were standardized 
using radioactivity (500-1,000 cpm) as the only basis for quantifica- 
tion and intact virions would be expected to contain more radioactivity 
per exposed antigenic determinant than a dissociated protein antigen. 

Rabbit antiserum to the pi 3 protein reacted only with nucleo- 
capsid antigen, suggesting that the immunogen from electrofocus 
fractions was not contaminated with either envelope protein. As pre- 
viously demonstrated (Dalrymple e* al, 1973), this antigen is not 
exposed on the surface of intact virTons. The antiserum to the pi 6 
envelope glycoprotein reacted with intact Sindbis virus and also 
exhibited some cross reaction with WEE virus. This antibody prepara- 
tion had a high titer to the homologous pi 6 protein antigen and was 
free of any nucleocapsid reactivity but did, on occasion, react with 
the isolated pi 9 protein. This cross reaction was extremely variable 
and only 25% of the radioactivity was precipitated; the specificity of 
this antiserum must remain questionable pending further testing. 
Antibody to the pi 9 protein appeared specific in that it exhibited a 
high titer with Sindbis and no detectable cross reaction with WEE 
virus. No reactions were observed with either nucleocapsid or pi 6 
protein antigen. Aiiiibody to pi 9 protein gave precipitation with the 
homologous protein but at a titer low in comparison to Sindbis virus. 
Based on the high titered reaction with Sindbis virus and the difficul- 
ties encountered using the pi 9 protein in the RIP test in previous 
experiments, the low homologous pi 9 antibody titer is probably a 
function of the antigen preparation used rather than a real decrease in 
antibody avidity or content. 

Rabbit antlsera to Isolated envelope glycoproteins were tested 
against purified Sindbis virions and envelope antigens by complement 
fixation (CF) tests and examined for neutralizing activity against 
infectious virus (Table 4). Mouse hyperimmune ascitic fluid to Sindbis 
virus served as a control. This control antiserum reacted strongly in 
CF tests with Sindbis virions and also reacted, although In somewhat 
lower titers, with both pi 6 and pi 9 protein antigens, indicating that 
the preparations were antigenically active. Antiserum to the pi 6 
protein exhibited a homologous CF reaction, a low titer to the virion 
antigen, and did not cross-react with the pi 9 protein. These data 
contrast sharply with RIP results, indicating equal reactivity of this 
antiserum for both homologous pi 6 protein and virion. Antiserum to 
the pi 9 protein did not fix complement with homologous antigen, even 
though antlsera to Sindbis virions reacted with that protein. In 
contrast to the high titer detected by RIP, pi 9 antiserum gave only a 
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low 1:10 titer against virion antigen, 
with the pi 6 protein. 

A low titer was also observed 

Table 4 - Complement fixing and neutralizing antibody in antisera to 
Sindbis virus structural proteins 

Antiserum 

Complement fixation 

Virion   pi 6   pi 9 
protein protein 

Neutraliza- 
tion 

Mouse anti-Sindbis virus 64(f 160    160 5,120l 

Rabbit anti-pi 6 protein 40 320        < 10 10 

Rabbit anti -pi 9 protein 10 10        < 10 320 

Reciprocal of highest dilution of antiserutn exhibiting 3-4+ 

fixation of 5 units of complement.    Antisera were tested against 
twofold dilutions of antigen in a grid titration. 

Reciprocal of highest serum dilution that neutralized S0% of a 
50-150 plaque-forming units dose of infectious Sindbis virus. 

Antiserum to the pi 9 protein was shown to neutralize infectious 
Sindbis virus even though complement fixation with virion antigen had 
not been detected.   The neutralizing antibody titer was not as high as 
antiserum to Sindbis virus but did differ markedly from pi 6 protein 
antiserum which only neutralized to a 1:10 dilution.    Although there 
does not appear to be good agreement between the RIP and CF tests of 
these antisera, the neutralizing activity of antiserum to the pi 9 
protein serves as a valuable marker fjr the presence of antibody. 

Antiserum to the pi 3 protein was not compared in these studies 
because we have not yet been able to recover specific complement fixing 
antigens from this region of the electrofocus gradient; however, it was 
tested using virion and envelope antigens.    Low titered CF   reactions 
were detected with virion and both envelope antigens, suggesting 
possible imnunogen contamination; however, no neutralizing activity was 
observed. 

Three structural antigens of Sindbis virus have been separated by 
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detergent disruption and isoelectricfocusing. The pi 3 protein is not 
glycosylated and appears to represent the nudeocapsid protein of the 
virion. Isolated nucleocapsids, or "cores" have been previously demon- 
strated to broadly cross react with similar preparations of other 
alphaviruses. The two envelope glycoproteins El and E2 have been iso- 
lated at pH 6 and pH 9, respectively and differ in amino acid composi- 
tion as well as biological activity. The pi 6 (El) glycoprotein appears 
to be the virus hemagglutinin and antigenically cross reacts with the 
closely related WEE virus antiserum. In contrast, the pi 9 (E2) glyco- 
protein appears antigenically specific for Sindbis virus and antiserum 
prepared against this protein neutralizes infectious Sindbis virus. 
Studies are currently in progress to test these observations of 
antigenic specificity with other serologically related viruses. 

B. Studies with the dengue non-structural soluble complement 
fixing (SCF) antigens 

1. Search for antibody to dengue-2 SCF antigen in sera of 
children with dengue hemorrhagic fever 

The nonstructural SCF antigen of the dengue virus sero- 
types was described in the 1969 and 1970 Annual Reports and subsequent 
publications (Brandt et al^, 1970, Rüssel? et al, 1970, Cardiff et al_, 
1971). Briefly, it was obtained by ammonium siTlfate precipitation of 
protamine sulfate clarified suckling mouse brain suspensions. The 
ammonium sulfate precipitate was subjected to Sephadex G-100 chroma- 
tography and the peak of CF activity in the 39,000 dal ton range was 
concentrated by nitrogen pressure filtration on Amicon PM-30 membranes 
which restrict the flow of material larger than 30,000 daltons. Since 
the antigen was found to circulate in relatively high titers in the 
blood of infected suckling mice (Brandt et al, 1970 b), the question 
was raised as to whether patients with dengue or dengue hemorrhagic 
fever (DHF) had SCF antigenemia or developed antibody to dengue SCF. 
We examined acute and convalescent sera of primary dengue cases and 
found no SCF antibody. The SEAT0 laboratory examined sera from secon- 
dary cases of dengue (associated with hemorrhagic fever) and found no 
antibody; however, convalescent sera represented specimens obtained on 
hospital discharge which generally occurred before 8 days after onset 
of illness. 

Falkler «rt al. (1973), using convalescent sera obtained more than 2 
weeks after onset from secondary infections ^nd hemorrhagic fever cases 
in Burma and the South Pacific, found SCF at. ibody in all those that he 
tested. Dengue hemorrhagic fever sera collected in 1970 at the SEAT0 
laboratory and selected to include only patients with convalescent sera 
obtained weeks after appearance of symptoms, were examined for the 
presence of SCF antibodies using the CF test standardized according to 
Kent and Fife (1961). Table 5 lists the day of disease and the CF 
antibody titer to both crude mouse brain D-2 antigen and Sephadex 
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Table 5 - Complement-fixing antibodies In dengue hemorrhaglc fever sera 
reacted with either crude dengue-2 Infected mouse brain sus- 
pensions or the Sephadex purified soluble complement fixing 
(SCF) antigen 

Acute Convalescent 

Grade 
disease SEATO 

No. 
Day of 
disease 

Antlg 

Crude 

en 

SCF 

SEATO 
No. 

Day of 
disease 

Antigen 

Crude  SCF 

IIIa 48616 8 1024b 0 48685 20 1024 16 

II 49115 7 128 0 49250 18 1024 8 

III 49174 7 2048 0 49355 21 2048 32 

IV 49190 5 512 0 49362 19 2048 0 

III 48943 4 256 0 49033 18 1024 0 

III 48619 9 1024 0 48707 21 1024 0 

II 51138 5 256 G 51355 16 1024 0 

lil 51153 5 1024 0 51287 13 2048 0 

II 51122 4 128 0 51288 15 2048 0 

II 51196 3 64 0 51372 14 1024 0 

III 51232 4 256 0 51447 18 2048 0 

II 51276 7 2048 0 51432 15 1024 0 

II 51374 3 1024 0 51567 19 2048 8 

I 51376 2 32 0 51548 16 512 4 

III 51377 4 128 0 51521 12 512 0 

II 51408 3 1024 0 51568 17 512 4 

III 51405 6 1024 0 51537 15 1024 8 

III 51142 9 512 0 41145 12 1024 4 

IV QNS c 49249 18 2048 8 

III QNS c 48981 19 1024 4 

Severity of disease (Nlmmannltya et al ) 

Reciprocal of titer; 0 = < 1:4 

QNS » quantity not sufficient 
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purified D-2 SCF. The high CF titers to crude antigen in the sera 
collected relatively early are compatible with secondary dengue infec- 
tion; these same sera (collected up to the ninth day of disease) had no 
detectable antibody to the SCF antigen. However, ten of the 20 conva- 
lescent sera, collected 12 days later after onset of illness, had SCF 
antibody titers ranging from 1:4 to 1:32. Most of those sera having 
titers of 1:8 to 1:32 were collected 18 to 21 days after onset. Dengue- 
2 SCF antibody was not detected in 10 convalescent sera. During this 
study, dengue-1 and 3 strains were isolated in addition to 0-2; the lack 
of reactivity may reflect, among other possibilities, infection of these 
patients by serotypes other than dengue-2. The cross reactions with 2 
or more serotype SCF antigens reported by Falkler «rt al (1973) may have 
been due to virion surface proteins likely contaminatTng their antigen 
preparations. Further definition of SCF antibody in DHF will require 
highly purified SCF antigens to the 4 dengue serotypes, as well as a 
more sensitive assay than the CF test. We are currently pursuing these 
goals, first, by including isoelectricfocusing as an additional and 
powerful step for purification (see following section) and second, by 
developing a radioimmune assay procedure. 

2. Further purification of the dengue SCF antigen 

The nonstructural soluble complement fixing (SCF) antigens of 
each of the dengue viruses have been investigated in a variety of 
analytical test systems. All of the experiments prior to those described 
in this report were performed using antigen preparations that were known 
to be contaminated with many mouse brain proteins. Methods for the 
purification of SCF were recently pursued as a prerequisite to extrinsic 
radiolabeling experiments which would require either pure SCF or a 
separation method for the removal of radiolabeled contaminants. 

The preparation of SCF was described in the pre/ious section. 
Continuous SOS polyacrylamide gel electrophoresis (PAGE) of the Sephadex 
G-100 purified SCF antigens has shown them to contain greater than 
twenty separate proteins as evidenced by stained bands on these gels. 
The antigenic activity of SCF has been shown to be associated with only 
one of these bands migrating to an estimated molecular weight of 39,000 
(Cardiff et aj_). 

Attempts to purify dengue SCF consisted of isoelectricfocusing the 
standard SCF preparation on a sucrose column (pH 3-10 gradient); pro- 
cedures for this technique have been described in previous annual 
reports. Although considerable precipitation occurred at various points 
in the column, these bands of precipitate appeared to dissolve upor^ 
collection and did not interfere with either the linearity of the pH 
gradient or the distribution of markers with known isoelectric points 
(Sindbis virus proteins). It was soon discovered that concentration by 
pressure dialysis was an essential step prior to electrofocusing, since 
the large volume fractions from the G-100 Sephadex column contained 
sufficient salt to cause excessive current flow. 
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Initial attempts to purify dengue SCF used dengue type 2 prepara- 
tions. A typical electrofocus profile of dengue-2 SCF is shown in 
Fig. 2. All fractions were examined by complement fixation using a 
constant dilution of dengue-2 mouse hyperimmune ascitic fluid as well 
as normal ascitic fluid as a control for anti-complementary effects of 
the fractions. Lysis of the indicator cells and anti-complementary 
effects (A/C) were prominen; in the first ten fractions (anode region) 
and a trace of A/C activity was often associated with the higher 
fractions (cathode region). The remainder of the gradient appeared 
free of such non-specific effects and could be assayed for dengue 
specific effects and could be assayed for dengue specific antigens 
without dialysis, etc. A reasonably sharp peak of dengue virus anti- 
genic activity was observed at pH 5,2.    Activity was detected in 
neighboring fractions but was principally confined to the pH range 4.8 
to 5.5. Antigen harvested from peak fractions appeared free of mouse 
brain contamination by PAGE; however, the SCF band was not sharp and 
covered approximately 1/8 of the gel length. 

Figure 2. Distribution of dengue-2 soluble complement fixing antigen 
on an isoelectric focusing gradient pH 3-10. Fractions were diluted 
and tested by complement fixation using dengue-2 hyperimmune mouse 
ascitic fluid. 

Repeated isoelectric focusing experiments over a period of six 
months using different dengue-2 SCF preparations have shown the pro- 
cedure to be reproducible, averaging about pH 5.15 (range 5.0 to 5.2). 
In each instance, a peak of complement fixing activity was observed at 
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the indicated pH, even though the CF titer varied from lr6 to 1:256. 

Antiserum preparation was attempted in a single rabbit using an 
electrofocus purified dengue-2 SCF preparation that titered 1:64. The 
animal was given four injections of antigen mixed with Freund's com- 
plete adjuvant over a six-month period. This extensive immunization 
scheme was utilized because of previous difficulty encountered in 
mouse immunization experiments requiring substantial antigenic mass. 
Antisera obtained from three successive bleedings had high titered 
antibody to dengue-2 SCF (Table 6) but did not fix complement with 1:2 
dilutions of normal mouse brain. These sera did not inhibit D-2 
hemagglutination nor neutralize 0-2 virus in plaque reduction neutrali- 
zation tests at a 1:10 dilution. They gave precipitin lines by double 
diffusion in agar with either purified dengue-2 SCF or crude infected 
mouse brain suspensions. 

Table 6 - Complement fixing antibody titers of rabbit antisera 
prepared to purified dengue-2 SCF 

Antiserum 
Antigen 

Crude DEN-2 CF antigen Purified DEN-2 SCF 

#1 3/26/74 

#2 3/28/74 

#3  3/24/74 

64/128 

N.T. 

N.T. 

64/64 

64/64 

64/128 

Reciprocal of highest antibody dilution exhibiting 3-4+ complement 
fixation over the reciprocal dilution of highest antigen dilution 
yielding maximum antibody titer. 

Attempts to obtain purified SCF preparation from each of the other 
three dengue serotypes have not been as easily accomplished primarily 
because the lower antigen titers obtained in mouse brain necessitates 
larger quantities of infected mouse brain material than dengue-2 virus. 
Each of these antigens have been repeatedly electrofocused and the 
isoelectric point of each is presented in Table 7. Each isoelectric 
point represents at least two successful experiments in which only a 
single peak of antigen was observed and titers of 1:8 or greater were 
obtained. The dengue-4 virus serotype presented the greatest diffi- 
culty with exceptionally low titers and antigen peaks at somewhat 
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higher isoelectric points (pH 6.8 - 7.6); however, upon refocusing, a 
single peak at pH 5.5 was obtained. 

Table 7 - Isoelectric point determinations for each of the dengue virus 
serotypes compared with the relative electrophoretic mobility 

Dengue Relative free solution 
serotype Isoelectric point (pH) electrophoretic | 

SCF mobility* 

D-2 5.0-5.2 1.122 

D-4 5.5 1.001 

D-3 5.8 0.866 

D-l 6.2-6.5 0.793 

* Cardiff et al, 1970 

It can be seen in Table 7 that the isoelectric points of the four 
dengue SCF antigens in ascending order of pH (D-2, D-4, D-3 and D-l) 
are in the same order in terms of descending relative free solution 
electrophoretic mobility.   The latter was described in the 1970 Annual 
Report and elsewhere (Cardiff et al, 1970); briefly, the free solution 
electrophoretic mobilities of the SCF antigens were obtained by extra- 
polating to zero gel concentrations the plots of relative mobilities 
in various concentrations of polyacrylamide gel.    These lines were 
parallel to each other, and since the molecular weight of each dengue 
serotype SCF antigen was the same, they were proposed to be "charge 
isomers".    The isoelectric point data presented here correlates with 
the relative free solution electrophoretic mobility since the more 
alkaline the isoelectric point of an SCF antigen, the less charge 
migration should be observed in acrylamide gel electrophoresis carried 
out at pH 8.5. 

Rabbits are currently being immunized with purified SCF prepara- 
tions of each of the dengue serotypes.    Sera have been obtaired from 
the dengue types 1 and 2 animals, and although CF titers to purified 
antigens range from 1:512 to 1:1024, they do appear to contain some 
antibody to normal mouse brain antigens (1:20-1:40) and anti-comple- 
mentary titers approach 1: 28.   Comparison of the antigenic relation- 
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ships of the SCF from the four dengue viruses and the proposed radio- 
labeling experiments will be continued following the satisfactory com- 
pletion of the rabbit immunization experiments. 

C.   Characterization of a small plaque clone of dengue-2 virus. 

A naturally occurring small plaque variant of the PR-159 
(Puerto Rico) strain of dengue-2 virus was plaque purified in certified 
primary African green monkey kidney cell monolayers as described in the 
previous Annual Report.   When the small plaque clone was compared to 
the parent virus from which it was derived, it was relatively avirulent 
for mice, it did not produce detectable viremia in monkeys - yet pro- 
duced a good antibody response, and it could not replicate in cell 
cultures at as high a temperature as the parent virus could replicate. 
Temperature sensitive mutants of animal viruses are of considerable 
interest because of their usefulness in genetic studies as well as 
defining the events that occur during viral replication.    From a more 
practical viewpoint, a lower permissive temperature of replication than 
that of the wild virus has generally been associated with those viruses 
which have been attenuated for use as live virus vaccines. 

The effect of temperature on the small plaque clone in cell 
culture is shown in Fig. 3.    Raising the temperature from 36 to 370C 

llA.  L'n.TT 1NFI    "TIi 

Figures,   Replication of dengue-2 small plaque clone S-'i  in LLC-MK2 
cells. 
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significantly decreased the titer of infectious virus found released 
into the culture medium (approximately 1 logic unit).    An additional 
one degree increment from 370C to 380C caused a dramatic drop in 
infectious virus titer (about 2.5 log^o units); 390C was totally non- 
permissive for replication of the virus in this experiment.    In order 
to determine if the nonpermissive temperature was inactivating any 
virions that were released into the culture medium, a heat stability 
curve with the small plaque clone as compared to the parent virus and 
the mouse brain seed of the New Guinea C strain was carried out at 
390C and 350C (Table 8).    It can be seen that the small plaque clone 
appears even more heat stable than the parent virus from which it was 
derived at both 350C and 390C.    Inactivation of the New Guinea C mouse 
brain seed at 350C ^rallels that of the small plaque clone but appears 
somewhat greater at 390C. 

Table 8 - Stability of the infectious virions at 350C and 390C 

Small plaque 19A Parent-GMK-6 New Guinea C sm35 

350C 390C 350C 390C 350C 390C 

33* 68 4900 

1 hr 31 58 55 60 3700 4200 

2 21 20 51 10 2700 2300 

3 21 6 36 0 2700 880 

4 24 7 29 2600 150 

5 19 5 0 1600 < 100 

6 13 1 1500 

7 12 0 1150 

8 5 970 

24 hr 0 < 100 

pfu/ml 

The temperature sensitive step during viral  replication is being 
determined by temperature shift experiments, in LLC-MK2 cells here, and 
in prim?ry African green monkey kidney cells in the Hazard Laboratory 
at Forest Glen.    The multiplicity of infection that could be obtained 
with the cell culture seeds during routine passage of the virus was 

412 

III Ml-      I -...;; -:"■-.,   ■     ■    '   -■ —— ■    ■   ■■■■ 
■ ■--■■- ■ -- "■-  ' ■'•"""■ 



—^ 1 -" l,l'"> " mwm^p.i--^-ü'^ ''' '.yj- '■ii---;,^^y*gT'a i 

Insufficient (0.001) to yield detectable virus from LLC-MK2 cells that 
had been placed at the nonpermissive temperature for various periods of 
time. However, w!ien the Infected cells were frozen and thawed several 
times for determination of intracellular virus content after several 
days of incubation at the permissive temperature, small quantities of 
infectious vins were found under the following conditions. Four times 
as much virus was obtained when the temperature was shifted up to 39eC 
at 12 hours than when it was shifted up at 8 hours post infection. In 
temperature shift-down experiments, virus was found when the temperature 
was shifted to 350C at 8 hours, but no virus was found when the tempera- 
ture was shifted down at 12 hours. The tentative conclusion is that 
the temperature sensitive lestion is probably somewhere between 8 and 12 
hours post infection, but better data is required using higher multi- 
plicities of infection. This is being accomplished by using virus 
seeds concentrated 100-fold by centrifugation on smaller numbers of 
cells in small culture vessels. Good yields were obtained in this 
system, but slightly higher temperatures are required to adequately 
differentiate the effects of temperature shifts during the replication 
cycle. 

Concentrated small-plaque-clone seed virus (at the <:Gth cell cul- 
ture passage) was also required to obtain a sufficiently high multi- 
plicity of infection for the production of radioactive virions for 
structural analysis by polyacrylamide gel electrophoresis (PAGE). 
LLC-MK2 cells were infected at a multiplicity of 0.1 with the GMK-6 
parent, and 1.0 with the New Guinea C mouse brain seed (prototype - 
control). Radioactive amino acids were added to the amino-acid 
deficient medium 12 hours later. The culture fluids were harvested at 
68 hours post infection and the radioactive virions obtained by 
successive series of centrifugations as described in the previous 
annual reports. PAGE was performed on virions boiled in SOS as de- 
scribed previously. Three radioactive peaks typical of the group B 
arbovlruses (1971 Annual Report) were observed with the small plaque 
clone virions and the prototype New Guinea virions (Figs. 4-A, B). In 
the GMK-6 parent virion, very little radioactivity was present in the 
V-2 (core or nucleo-protein) region of the gel shown coelectrophoresed 
with the New Guinea C prototype in Flg. 4-C; the 10-fold lower multi- 
plicity of infection may have been responsible. Radioactivity in the 
V-2 region was also depressed when the small plaque clone and the New 
Guinea C virions were boiled again after -20oC storage for coelectro- 
phoresis (Fig. 4-D). Regardless of the problems with incorporation 
of radloisotopes into V-2, coelectrophoresis Indicates that the only 
differences between the prototype New Guinea C virus and the cell 
culture passaged Puerto Rican strain (both parent and the small plaque 
clone) is the slightly smaller V-l (minor envelope protein) of the New 
Guinea C virus. 
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Figure   4.     Polyacrylamlde gel electrophoresis of detergent and heat- 
disrupted dengue-2 virions.     A.   PR-159 small plaque  clone  (S-l)  passage 
21  (^H-amino acid  label).     B.     Prototype New Guinea C  (^C-amino acid 
label).    C.  Coelectrophoresis of the PR-159 parent viras  (^H-amino acid 
label)   and the New Guinea C  strain.     D.    Coelectrophoresis of A and B 
after storage, mixing  the  samples  together,  and reboiling  them. 
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0.    Differential ability of various dengue type-2 strains having 
different passage histories to replicate in several cell 
culture systems 

Replication of dengue virus in lymphoid cells was considered 
essential in elucidating or attempting to duplicate the antigens pro- 
duced in dengue infections that participated in activating the comple- 
ment system.   The ability of dengue-2 virus to infect several lines of 
human lymphoblastoid cells was determined in collaboration with the 
Department of Experimental Pathology, Scripps Clinic and Research 
Foundation.   We also examined replication of several dengue-2 strains 
in Aedes albopictus (Schneider) cells in initial attempts to determine 
the effects of various types of cell culture passage on dengue viruses. 

In the first experiments, the New Guinea C strain of dengue-2 
virus   that had been passaged 35 times through suckling mouse brain, 
was used to infect the Raji, Wil-2, and 8866 human lymphoblastoid cell 
lines.    No newly replicated virus was found in the supernatant culture 
fluids or the cells up to and including 5 days after attempted Infec- 
tion.    However, when these cells were infected with the SEATO 16681 
strain of dengue-2 (isolated in cell culture, passed in a monkey, 3 
passages in Aedes albopictus mosquitoes, and then in Raji cells) the 
virus replicated as indicated by the titers listed at daily intervals 
in Table 9.   Generally, 3 days were required before a significant 

Table 9 - Replication of dengue-2 virus (strain 16681, cell culture 

seed) in human lymphoblastoid cell lines 

Time Raji Wil-2 8866 
(hrs) 

Supe Cells Supe Cells Supe Cells 

0 0 1.6X101* 0 3.3X101 0 6.5X101 

24 8.0X101 l.lxlO1 l.OxlO2 1.6xl02 1.4xl02 2.8x102 

48 4.0X101 9.5X101 4.0X101 9.6x10' 8.5X101 1.6xl03 

72 2.0X101 3.5xl03 2.3xl03 8.6xl02 9.5X101 5.2xl03 

96 2.5X101 5.8xl03 1.3X10- 3.2xl04 8.5X101 1.9xl03 

120 1st 8.8x103 9.9x10^ 2.5xl04 5.5X101 6.6xl02 

*Titers corrected for the 10-fold concentration of the cells relative 
to the culture medium prior to frozen storage 

415 

..^,..J^,...,— ,..,..,.■ 
UMMMMMMM  aüami IM. ■-■- ■■■■""* '--^ — 1 

 ■^ 



mmmmmm> '^m- IlllldWU»!   I.   I..!,!.,   HJINU ww*' mwwmi-. 

Increase In virus yield could be detected, and by the fourth day post 
Infection, there appears to be more Intracellular than extracellular 
virus.    Since the W11-2 cells released more dengue virus Into the 
culture fluids, we examined the ability of a cell culture seed of 
another strain of dengue-2 virus (PR-159) and a naturally occurring 
small plaque clone Isolated from It (neither of which had been passed 
in suckling mouse brain) to replicate In these cells.    Virus replica- 
tion was detected only In those cells Infected with the 16681 strain, 
used as a positive control for replication.   Finally, the New Guinea C 
strain In mouse brain was passed through LLC-MK2 cells and the Infected 
culture medium was used In an attempt to Infect Rajl cells.    The mouse 
brain seed and the 16681 strain of dengue-2 were used as controls, all 
at an MOI of 0.02.   There was some replication of the New Guinea C 
strain In mouse brain this time, no replication with the New Guinea C 
smb35/LLC-MK2-l seed, and the 16681 strain replicated as usual  (Table 
10).    It was found that chronic Infections of the human lymphoblastold 
cell lines could be established with the 16681 strain of dengue-2 virus 
(Table 11). 

Table 10 - Ability of two dengue-2 strains to Infect the Rajl  line of 

human lymphoblastold cells 

Hour 
post 

Infec- 
tion 

New Guinea C 
mouse brain seed 

New Guinea C 
Smb/LLC-MK2 seed 

16681 
Raj1-LL( 

Supe 

strain 
:-MK2 seed 

Supe Cells Supe Cells Cells 

0 0 0 0 0 2.5X101 1.3X102 

24 0 l.SxlO1 0 0 0 l.OxlO1 

48 5 9.5X101 0 0 7.0X101 l.lxlO3 

72 l.OxlO1 l.OxlO2 0 0 4.4xl02 7.6xl03 

96 2.5X101 1.0x102 0 0 4.6xl03 5.7xl04 

120 2.5X101 l.lxlO2 0 0 4.9xl03 Contamln. 

144 2.0X101 9.0X101 0 0 S.OxlO3 1.2xl05 

a Rajl cells were Infected at the same multlpllc Ity of infection 
bo. < 5 pfu/ml 
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Table 11 - Chronic dengue-2 infections established in several lines of 

hutiian lymphoblastoid cells (pfu/ml) 

Passage Raji Wil 8866 

Supe Cells Supe Cells Supe Cells 

5th 
6th 
7th 
8th 
9th 

10th 

20th 
27th 

2.5x10^ 

9.8xl03 

S.SxlO^ 

7.0xl03 

7.5xl03 

2.2xl04 

3.2xl04 

2.9xl04 

9,0x10' 4* 

9.8xl0H 

A.BxlO4 

5.6xl04 

1.5xl0E 

3.1xl05 

6.7xl04 

1.5x10' 

Contamin.     4.0x10 
5.0x10' 

1.9xl03 

4.1xl04 

4.5xl04 

1.3xl03 

N o 

1.0x10' 

6.5x10' 

l.BxlO4 

l.OxlO5 

6.1xl04 

2.5xl0£ 

2.7xl0/, 

4 
4.5x10° 

6.9x103 

7.0xl02 

3.5xl02 

5.0x102 

1.7xl03 

5.3x103 

samples     1.7x10" 

6.4x10 

4.4x10 

7.2x10 

2.4x10' 

1.7x10' 

5.5x10' 

1.3x10 

Contain n. 

Not corrected for volume 

Next, Aedes albopictus cells were infected with the mouse brain 
seed of New Guinea C, the small plaque clone of the PR-159 strain of 
dengue-2, and the 16681 Raji/LLC-MK2-1 seed. Several passages were 
attempted to determine if Raji cells could be infected with Aedes passage 
virus (see preceding section). All 3 strains appeared to replicate in 
the albopictus cells (Table 12), but when the virus-containing day 4 
culture fluids were used to infect another lot of albopictus cells, we 
only obtained successful passage (measured by release of infectious 
virus) with the 16681 strain. We are examining the multiplicity of 
infection, defective particles, strain variation, and the effect of the 
host cell during passage. 
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Table 12 - Passage of dengue-2 strains in Aedes albopictus cell cultures 

Strain Time (day)     Passage no. 1 Passage no. 2 

New Guinea C 
smb seed .... 1 7.0 

* 

x 102 < 50 

2 8.0 x 102 < 50 

3 1.0 x 104 < 500 

4 1.6 x 104 < 500 

PR-159 SP-1 cell 
culture seed . . 1 < 50 < 50 

2 < 50 < 50 

3 1.5 x 103 < 500 

4 1.5 x 103 < 500 

16681 Raji-LLC- 
MK2 seed .... 1 3.5 x 102 < 50 

2 4.0 x 103 1.1 x 103 

3 2.2 x 105 3.2 x 104 

4 4.2 x 105 1.4 x 105 

Plaque-forming units per ml  in LLC-MK2 monolayers 

E.    Growth 0.' Togaviruses in enucleated cells 

When cytochalasin B, a metabolite of the fungus Helminthosporium 
dematoideum, is used at relatively high concentrations (10 /jg/ml) it has 
been shown to cause some vertebrate cells in culture to extrude their 
nuclei  (Carter, 1967).    By subjecting cells exposed to this concentra- 
tion of the drug to centrifugation one can obtain mass enucleation 
( > 90%) of populations of cultured vertebrate cells with no obvious 
cytoplasmic damage.    In collaboration with Or. Richard A. Goldsby of the 
Dept of Biochemistry, University of Maryland, we took advantage of these 
observations to ask if the nucleus is necessary for the replication of 
alphaviruses and/or flaviviruses. 
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1.    Production of infectious virus 

Secondary cultures of chick embryo cells were grown on 
plastic discs 12 mn in diameter.    Enucleation was accomplished by 
placing the discs cell side down in the bottom of a 50 ml Sorvall centri- 
fuge tube containing 8-10 ml of Dulbecco's Modified Eagle's (DME) medium 
with 101 fetal bovine serum (FBS) and 10^ig/ml of cytochalasin B.    The 
tubes containing the coverslips were ther centrifuged in a Sorvall RC-2B 
centrifuge prewarmed to 370C    for 30 min it 12,000 rpm in the SS-34 
rotor.    After centrifugation the cells were placed in medium lacking 
cytochalasin and after 60-90 min at 370C the cells regained their normal 
morphology with > 90X lacking nuclei. 

Enucleated cells, cells treated with cytochalasin but not centri- 
fuged and untreated cells were infected with either Sindbis or Japanese 
encephalitis virus at an M0I of 100.    After incubation at 370C for 90 
min for viral adsorption, they were washed through three beakers con- 
taining about 100 ml of either normal saline or Hank's balanced salt 
solution.    They were then placed in two ml of 10% FBS DME and incubated 
at 370C.    The culture fluids were harvested at the appropriate times and 
frozen in three aliquots at -70oC. 

Two experiments were performed:    in the first, culture fluids were 
harvested at 2 1/2, 14 1/2, and 24 hours post infection; in the second, 
2 1/2, 18 and 26 hours post infection were the times of harvest.    The 
culture fluids were assayed for infectious virus by plaque assay on LLC- 
MKg cells and the results are shown in Figures F and 6.    In the first 
experiment the final yield of Sindbis virus was reduced by 93% from the 
controls; in the second, the yield was reduced by 94%.    In the case of 
JE the yield of infectious virus was reduced 99.5% in the first experi- 
ment and 99.4% in the second. 

In the first experiment, there was no increase in the titre of the 
JE-infected enucleated cultures, whereas in the second, there was an 
increase of one log in the enucleated cultures with time.    However, 
since a separate coverslip was used for each time point, the variation 
of one log from the 2 1/2 hour point to the 24 hour point may be due to 
different efficiencies of washing, as can   be seen in the variation of 
the 2 1/2 hour points in the first Sindbis experiment.    We therefore 
concluded that JE did not replicate in the enucleated cultures. 

In contrast, the Sindbis-infected enucleated cultures showed a rise 
of 1  1/2 logs in the first experiment and 2 logs in the second, indica- 
tive of replication in the enucleates.    However, as was noted above, 
the final yield in both experiments was reduced by > 90%.    This reduc- 
tion could possibly be explained bv:    1) loss of cells in the enucleated 
cultures during centrifugation;    2) a non-specific cytotoxic effect of 
the drug.    The second explanation seems unlikely since the cytochalasin 
treated unenucleated cells showed no such effect. 

419 

--  - '-   «MMiMHIMIMMlüMi — MMMMMMM •tfdtf 



«■». •<»■ »JM,IJUIIIII.I,IHWP!I .Ji  i ,iHiiiii.ww.wfiu.ii,Bp!iiUA.uy^ ii.PP«"-™.".- 'w,Miimvmmwi.v-> u.-w^- ■, 

iWDUi nm nruiMMT 

_^ CnOCHMAHIII 
- -■ 

. // 
//     y/           ~~~^~.  -.c»™ 

* y''      / 
■  * 

/ 

/ 

iMDwi iti^wi) uriuuixt 

. ..■YTOUHALMlli 

Figure    5.     Growth curves  of  Sindbis virus in enucleated,   cyto- 
chalasin-treated and normal chick embryo cells. 
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Figure    6-     G"owth curves of Japanese encephalitis virus  in 
enucleated,  cytochalasin-treated and normal chick embryo cells. 
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2.    Detection of viral antigen by the Indirect fluorescent anti- 
body technique 

To Investigate the Involvement of the nucleus more directly, 
we decided to use the Indirect fluorescent antibody technique, whereby 
cells that showed signs of replication could be examined directly for 
the presence of a nucleus, thus eliminating the problem of cell loss 
during centrlfugation. 

Cells were enucleated and Infected as before.   They were then sub- 
jected to extensive washing to remove excess Inoculum.   The cells were 
removed from the coversllps by trypsln and plated on glass slides.    At 
18 hours posv. Infection the cells were washed with phosphate buffered 
saline (PBS), fixed In methanol for 5 m1n, rewashed In PBS and frozen 
at -70oC until the fluorescent antibody test was performed. 

The methods used for fluorescent staining were essentially those 
described by Cardiff (1973).    Infected enucleated, cytochalasln treated 
but not enucleated, and normal chick embryo cells were observed for 
fluorescence, and the percentage of fluorescent cells was determined 
(Table 13). 

Table 13 - Replication of Slndbls and Japanese encephalitis viruses In 
normal vs enucleated chick embryo cells, as judged by the 
Indirect fluorescent antibody technique 

Experimental 
conditions 

No. of 
fluorescent 

cells 

Total no.   Percentage of 
of cellj^     fluorescent 
counted cells 

SIN - normal 93 100 93 
SIN - cytochalasln treated 87 100 87 
SIN - enucleated 15 20 75 

JE - normal 76 100 76 

JE - cytochalasln treated 65 100 65 
JE - enucleated 3 36 8 

Percentage of enucleated cells was > 90% and only enucleated cells 
were counted In the enucleated cultures. 

In the case of the normal and cytochalasln treated cultures, 100 
cells were counted. Since the cell density In the enucleated 
cultures was much lower, fewer cells were counted. 
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From these results it seems that Sindbis replicates almost as 
efficiently in enucleated cells as it does in normal cells {93% vs 75%). 
In contrast, replication of JE in enucleated cells is very inefficient. 
Although 3 JE-infected cells lacking nuclei were seen that did fluoresce 
the percentage of fluorescing cells was only about one-tenth that of the 
normal cultures.   We therefore suggest that the nucleus is important in 
the replication of JE in chick embryo cells.    However, our studies do 
not exclude the possibility that rather than the nucleus itself, some 
structure located perinuclearly is essential for flavivirus replication. 
The presence of the three JE-infected enucleated cells that fluoresced 
could be explained if, in most cases, the perinuclear area was removed 
along with the nucleus during centrifugation and that it remained 
intact in only a small percentage of the enucleates.    Some credence is 
given to this hypothesis by the observation that flavivirus-infected 
cells show intense perinuclear fluorescence early in infection (Cardiff, 
1973). 

F.    Studies on the replication of Japanese encephalitis virus in 
Culex tritaeniorhynchus eel1s. 

Japanese encephalitis virus (JE) grows to high titer (10^ 
pfu/tnl) in Culex tritaeniorhynchus cells, without any observable cyto- 
pathic effect (Annual Report, FY 1973).    Because of these observations 
it was thought that adequate amounts of radioactive virus could be 
obtained to permit characterization of purified virions from mosquito 
cells. 

1.    Attempts to obtain radiolabeled JE from Culex tritaenior- 
hynchus cells 

Attempts to obtain radioactive virus from mosquito cells 
using the same timetable for addition of label as was used for mammalian 
cell propagated virus (Annual Report FY 1971, 1973) were unsuccessful. 
In an attempt to get more radioactivity into the cells, starvation in a 
minimal media along with prelabeling prior to infection were tried. 
Bottles of Culex cells were incubated in a minimal media prepared from 
salts of Hsu's^edia, tricine, sodium bicarbonate, vitamins, phenol red 
and penicillin and streptomycin.    Twenty-four hours later 1 uCi/ml of 
14c-amino acids were added to half of the bottles and 20 uCi/ml of 
3H-amino acids to the rest.    After 24 hours of prelabeling, the 3H-amino 
acid labeled bottles were infected with JE(M1/311) according to 
previously described methods (Annual Report FY 1973).    The infection was 
allowed to continue in the presence of the labeled amino acids for 4 days, 
At the time of harvest, the 14C-labeled uninfected culture fluids were 
mixed with the 3H-labeled infected fluids and processed together through 
the following purification scheme.    The fluids were first clarified at 
800 x g for 10 min and then at 3,500 x g for 30 min.     This supernatant 
was then centrifuged at 136,000 x g for 140 min.     This supernatant was 
discarded and the pellet resuspended in 0.5 ml of 0.02 M tris (hydroxy- 
methyl) amino methane, 0.15 M NaCl, 0.001  M EDTA. pH 8.2 (TNE 8.2). 
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The resuspended pellet was sonicated for 1 min in a 10 Kc-Raytheon Sonic 
Oscillator, clarified at 800 x g for 10 min and then layered onto a 4.8 
ml linear 5-30% sucrose gradient with a 0.2 ml pad of 70% sucrose (all 
sucrose solutions are w/v and mads in TNE 8.2).    The gradient was centri- 
fuged at 50,000 rpm for 40 min in the Beckman SW 50L rotor.    Fractions 
of 0.2 ml were collected from the bottom and 20>ul of each fraction was 
assayed for radioactivity.    Hemagglutinating activity of each fraction 
was determined, using 25^1.    The results are shown in Fig. 7-A.    No 
peaks of radioactivity over the background of 14c labeled uninfected 
control were found in the ^H labeled infected material; however, hemag- 
glutinin peaks were found at fractions 2, 10, and 21.    These peaks were 
diluted and layered on to 5.0 ml linear 20-70% sucrose-D20 gradients and 
centrifuged in the SW 50L rotor for 15 hrs at 50,000 rpm (Figs. 7-B and 
8).    Once again, the radioactive profiles of infected and uninfected 
cells closely paralleled each other.    Polyacrylamide gel electrophoresis 
(PAGE) was performed on the hemagglutinin peaks from all of the 
gradients.    The gel profiles of infected versus uninfected preparations 
were similar; no significant increase in radioactivity of the infected 
material could be observed.    Although we could get good yields of hemag- 
glutinin and recover infectivity from the gradients associated with 
hemagglutinating peak (data not shown) the degree of purity was low and 
the efficiency of labeling very poor.    More information on the labeling 
properties of these cells has to be obtained before meaningful experi- 
ments can be designed. 

2.    Comparison of uptake and incorporation of radioactive amino 
acids by LLC-MK2 and Culex tritaeniorhynchus cells 

Because of the problems encountered in the preparation of 
radiolabeled virus from mosquito cells, their ability to take up and 
incorporate radioactive precursors was compared with that of LLC-MK2 
cells.   A minimal media containing no serum or unlabeled amino acids 
but containing 1 ^jCi/ml of 3H-amino acids was added to each of 7 flasks 
of LLC-MK2 cells, and 5 flasks of Culex cells.    At specified times 
after isotope addition, a sample of the labeled culture fluid was re- 
moved.    The cell sheets were washed with normal  saline and 1.0 ml of 1% 
sodium lauryl sulfate in 0.01 M phosphate buffer was added.    Both the 
culture fluid and the cell  sheets were frozen until the time of analysis, 
when aliquots of the culture fluid were assayed for radioactivity.    The 
cell sheets were boiled for 5 min to decrease viscosity and then 
aliquots were assayed for both total and trichloroacetic acid (TCA) 
precipitable radioactivity.    The protein content of all  samples was 
determined by the method of Lowry (1951). 

By dividing the TCA precipitable radioactivity by the radioactivity 
of the culture fluids, incorporation could be measured.    Uptake was 
determined by division of total counts in the extract by total counts 
in the culture fluids.    Samples were corrected to a constant amount of 
protein and the data is presented in Fig. 9.   Total uptake by Culex 
cells over a 2 hr period was only 20% of that of LLC-MK2 cells. 
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Figure    7.     A.  Rate zonal sucroue gradient centrifugation of cul- 
ture fluids  from infected and uniufected Culex tritaeniorhynchus cells. 
B.   Isopycnic sucrose gradient centrifugation of fraction 2 from the 
original rate zonal gradient. 

Figure 8.    A.   Isopycnic sucrose gradient centrifugation of frac- 
tion 10 from the original rate zonal gradient.    F..   Isopycnic sucrose 
gradient centrifugation of fraction 21 from   ;h'i ^tiginal rate zonal 
gradient. 
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Figure 9.  Comparison of the ability of LLC-MK2 and Culex tri- 
rhynchus cells to take up and incorporate radioactive amino 

taemort 
acids. 
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Figure 10  Comparative growth curves of Japanese ^"Ph»^ti8 

virus " ll'e  parent line of Culex rritaeniorhynchus cells and 

the clone, B-10, 
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Furthennore, LLC-MK2 cells incorporated 40X of what they took up, 
whereas Culex incorporated only 30%.   Overall, it appears that poor 
uptake is the major reason for inefficient labeling of mosquito cells. 
This is suggestive of either the presence of a very large intracellular 
pool or requirements for specific amino acids, or both.   Studies to 
investigate these possibilities are currently underway. 

3. Detection of infected mosquito cells by the fluorescent 
antibody technique 

The indirect fluorescent antibody (FA) technique was used to 
determine the percentage of infected cells in a culture of Culex 
tritaeniorhynchus that had been infected with a high MOI of JE (Ml/311). 
Cells were grown on glass coverslips and infected as pre lously de- 
scribed (Annual Report FY 1973).   The infection proceede   'or 30 hours 
at which time the cells were fixed and stained for FA as previously 
described (Cardiff, 1973) 

By this method 3-10% of the cells fluoresced.    This low percentage 
of cells showing signs of virus replication could represent another 
factor in the difficulty of obtaining purified radiolabeled virions from 
mosquito cells.    It may be possible to overcome this problem through the 
use of metabolic inhibitors such as actinomycin-D or cycloheximide. 
Studies of this nature have not yet been performed.    If the suscepti- 
bility of the cells to infection is genetically based, the problem 
could be approached by isolating a genetically pure subpopulation of the 
cells with a higher susceptibility to infection.   Such cloning experi- 
ments are described in the next section. 

4. Cloning of Culex tritaeniorhynchus cells 

Cloning of Culex tritaeniorhynchus cells was accomplished 
by plating about 5,000 cells in a 60 mm petri plate.    To promote growth 
at such low cell densities, 50% Hsu's media containing 10% FBS and 50% 
conditioned Hsu's media with 10% FBS was used.    Cells observed micro- 
scopically daily, were allowed to grow for several days until distinct 
clones of about 100 cells of the same morphology were formed.   At this 
time the clones were withdrawn using fine glass capillaries and 
replated into small microtiter wells (96 hole plates) in about 0.1 ml 
of 50% normal, 50% conditioned media.   These cells were allowed to 
grow for several weeks at which time those that survived were plated 
into   larger wells (24 hole plates).    These were then transferred to 
tubes and finally flasks.    Initially 21 clones were picked.   Only one, 
B-10 (so designated by its position in the original microtiter plate), 
survived and is now in its 14 passage. 

A growth curve of JE(M1/311) in B-10 versus the parent line of 
Culex   is shown in Fig. io (previous page).   Although B-10 is morpho- 
logically homogeneous and exhibits some cultural characteristics 
different from the parent line, i.e., better adherence to the growth 
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surface, growth of JE in the two cell populations appears identical. 
Further studies to test for susceptibility to infection and labeling 
characteristics of the cells are now in progress. 

G.    Further studies on the effects of metabolic inhibitors on cells 
infected with Flaviviruses 

Fractionation of Japanese encephalitis (JE) virus-infected 
chick embryo cells into smooth and rough membranes revealed a quantita- 
tive difference in the virus-specified polypeptides present in these 
fractions,   the most significant difference being the increased amount 
of NV-5 in the smooth membrane fraction (Annual Report 1971).   These 
studies were performed with cells inhibited with both actinomycin-D and 
cycloheximide, aid which were labeled during the late logarithmic phase 
of the replication cycle, using previously described methods (Shapiro, 
1971).    In order to obtain a sufficiently radioactive preparation to 
permit analysis, a four-hour labeling period was used, thus the observa- 
tions we have made pertain to a static system.    To be able to trace the 
flow of polypeptides through the cell by pulse chase experiments, it is 
necessary to develop drug treatments which will effectively inhibit 
cellular protein synthesis while at the same time allow better incor- 
poration of radioactive precursors into viral-specified polypeptides. 
Preliminary experiments of this type are described below. 

1.    Effect of actinomycin-D on protein synthesis in chick 
embryo cells 

In the following experiment the effect of a two-hour pulse 
of actinomycin-D at a concentration of 1 Aig/ml was measured over a forty 
hour period.   Monolayers of primary chick embryo cells were grown in 25 
cm^ plastic flasks.    One set of flasks received a 2-hour pulse of 
actinomycin-D (1 jug/ml).   After the pulse, they were washed with five 
2 ml aliquots of normal saline and 5 ml of medium 199 with 1/10 the 
normal concentration of amino acids and 2% FBS were added to each flask. 
One set of flasks received no actinomycin-D but otherwise were treated 
identically, while another set received no drug and were not washed. 
At specified times after the removal of the drug one flask of each set 
received 2 ^Ci/ml of 3H-amino acids for a period of 1 hr, at which time 
the flask was washed twice with 5 ml of normal saline.    The cell sheets 
were then dissolved with 1.0 ml of ]% sodium lauryl sulfate in 0.01 M 
phosphate buffer and frozen until the time of analysis.    When the 
experiment was completed the cell sheets were boiled for 5 min.   Acid- 
precipitable radioactivity was assayed, using two 50 >J1 aliquots of each 
extract.    Protein determinations were made for each sample, using the 
method of Lowry (1951).    Results were expressed as acid-precipitable 
counts per minute per jjg of protein (Fig. 11).    Washing stimulated 
protein synthesis in chick embryo cells, with the washed controls show- 
ing about 4 times the specific activity of their unwashed counterparts, 
forty hours after washing.    The actinomycin-D treated cells showed a 
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Figure 11,> Effect of a two hour pulse of actinomycin-D on 
protein synthesis In chick embryo cells. 

Figure 12. PAGE of Japanese encephalitis vlrus-lnfected chick 
embryo cell extracts. A. Pretreated with actlnomycin-D for two hours 
prior to Infection.  B. Treated with actlnomycln-D from 4 to 6 hours 
after Infection. 
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steady decline in specific activity. By 22 hours after drug treatment, 
the drug treated cultures showed about 20% of the specific activity of 
the unwashed controls and less than 5% of that of the washed controls. 
By 40 hours, the specific activity of the actinomycin-D treated cells 
was < S% of the unwashed controls and < U of the washed controls. 
These results imply that a 2-hour pulse of actinomycin-D (1 Aig/ml) is 
sufficient to cause severe inhibition of protein systhesis in chick 
embryo cells. 

2. Effect of time of addition of actinomycin-D on the synthe- 
sis of proteins in JE-infected chick embryo cells 

Monolayers of chick embryo eel 
plastic flasks. They were infected by prev 
(Shapiro, 1971). At specified times cells 
1 ug/ml of actinomycin-D which was removed 
aliquots of normal saline. All flasks were 
pulse of 20 uCi/ml from 24-26 hours after i 
labeling period the cell sheets were washed 
lauryl sulfate in 0.01 M phosphate buffer, 
ethanol and subjected to PAGE as previously 

Is were grown in 25 enr 
iously described methods 
received a 2-hour pulse of 
by washing with five 2 ml 
labeled with a 2-hour 

nfection. At the end of the 
dissolved in 1% sodium 

boiled in }% 2-mercapto 
described (Shapiro, 1971). 

Results are shown for cells treated with actinomycin-D for 2 hours 
before infection, or from 4-6 hours, 6-8 hours, or 16-18 hours post 
infection (Figs. 12 and 13). In the pretreated flask, viral proteins 
are present but levels of radioactivity are low, and the high molecular 
weight region of the gel is obscured. Somewhat better incorporation 
is seen in cells receiving the 4-6 hour post infection actinomycin-D 
treatment, but the high background in the high molecular weight region 
is still present. Gel patterns of the cells treated with actinomycin- 
D from 6-8 hours after infection are similar but with slightly better 
incorporation. 

When cells treated with actinomycin-D from 16-18 hours post infec- 
tion were co-electrophoresed with intracellular proteins prepared by 
treatment with both actinomycin-D and cycloheximide (Shapiro, 1971) 
virtually identical gel patterns were obtained. The level of radio- 
activity incorporated by the cell receiving the 16-18 hour drug treat- 
ment was > 5-fold higher than the cells that had been treated with 
actinomycin-D from 6-8 hours after infection. These results suggest 
that early treatment with actinomycin-D may permit the study of viral 
polypeptides synthesized during the latent period of the viral repli- 
cation cycle, which could not be examined with previous drug treatments. 
Secondly, the ability to get high levels of radioactivity incorporated, 
using the 2-hour pulse of actinomycin-D from 16 to 18 hours post 
infection, may make possible pulse chase experiments. However, it 
still remains to be shown that the background of host cell proteins in 
uninfected controls is sufficiently low to permit this. 
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Figure   13.   Co-electrophoresis of    4C-labeled Japanese encephalitis 
virus-specified marker polypeptides with 3H-Japanese encephalitis 
virus-infected chick embryo cell extracts,    A.   Treated with actino- 
mycin-D from 6-8  hours after  infection.    B.   Treated with actinoray- 
cin-D from 16-18 hours after infection. 
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Figure 14. A.  PAGE of purified Japanese encephalitis virus.  B. 
Isoelectric focusing column of purified Japanese encephalitis virus. 
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H. Isoelectric focusing of Japanese encephalitis virus proteins 

1. Virion proteins 

Complete separation of Sindbis virion proteins by iso- 
electric focusing permitted the absolute identification of two glyco- 
proteins previously detected only by methods of discontinuous PAGE. 
These studies suggested that this method might be useful to confirm or 
extend the number of structural proteins in group B arboviruses, using 
Japanese encephalitis virus (JEV) as a model. Initial experiments were 
performed using purified JEV from 5-25 percent sucrose gradients as 
described in the 1971 Annual Report, and then using isoelectric focus- 
ing procedures identical to those described for Sindbis virus (1972 
Annual Report). At the time of these experiments, purified prepara- 
tions of JEV exhibited a slightly altered polypeptide pattern by poly- 
acrylamide gel electrophoresis (PAGE); the nucleocapsid protein V-2 
was greatly reduced in radioactivity (Fig. 14-A, previous page). The 
ratio of radioactivity and migration of V-3 (the major coat protein) 
and V-l (the small envelope protein) was typical of JEV and other group 
B arboviruses (shown in the 1971 and 1972 Annual Reports). Since other 
virus characteristics appeared unaltered (sedimentation rate, hemag- 
glutinin, infectivity), initial experiments utilized these V-2 deficient 
virion preparations as starting material. 

Disruption of ^H-amino acid labelled virion by gentle mixing in 1 
percent Triton X-100 was followed by electrofocusing at 850 volts for 
48 hours in a sucrose gradient containing 0.1 percent Triton X-100 and 
ampholytes to yield a gradient from pH 3 to pH 10. The distribution of 
radioactivity from a typical experiment is shown in Fig. 14-B, previous 
page.  The pH gradient was essentially linear over the range pH 3 
to pH 10 and four separate radioactive peaks could be readily identi- 
fied. The four peaks were tentatively assigned isoelectric points of 
pH 4.4, pH 7.7, pH 10.2, and pH 11 (approximately) from left to 
right, or anode to cathode.  Peak fractions were heated in sodium 
dodecyl sulfate and 2-mercaptoethanol and analyzed by PAGE for iutnti- 
fication. The pi 4.4 fraction (Fig. 15-A) contained both V-3 ar^d V-] 
as well as some radioactivity that did not enter the gel and a sirall 
peak of large molecular weight protein that was possibly an aggregate 
of one of the structural proteins. The V-3/V-1 ratio appeared less than 
one as opposed to the value of 10 normally observed in JEV purified 
virions. These data suggest an intimate association of these two 
peptides that is not disrupted by gentle treatment with non-ionic deter- 
gent and isoelectric focusing.  The gel of the pi 7.7 peak showed 
only the V-3 polypeptide (Fig. 15-B).  Repeated experiments have 
always yielded a peak near pH 7.7 and PAGE has consistently identi- 
fied only V-3 without contamination.   The pi 10.2 fraction was shown 
by PAGE to contain a trace of V-3, but principally a broad irregular 
peak that covered the range of both V-2 and V-l, making interpre- 
tation difficult (Fig. 15-C).      Since radioactivity was low in 
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Figure 15. PAGE of peaks from the isoelectric focusing column. 
A. pi 4,4 peak.  B. pi 7.7 peak.  C. pi 10.2 peak.  D. pi 11 peak. 
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these preparations, it is possible that this fraction represents the 
small amount of V-2 that was present in the starting material. The 
peak at approximately pH 11 (Fig. 15-D, previous page), consisted of 
V-3 and a small amount of V-l resembling the profile of the starting 
material. In a single experiment we have tentatively identified the 
isoelectric point of undegraded JEV at pH 5.2 to pH 5.5, making an 
interpretation of undegraded virion for the pH 11 peak untenable. 

Subsequent to the initial studies using V-2 deficient preparations 
of JEV, modification of the concentration and purification procedures 
have resulted in preparations of JEV with the "normal" polypeptide 
composition (Fig. 16-A). A single preparation of JEV that had been 
purified by pelleting the virions from the radioactive culture medium 
at 78,000 x g (average) for 3 hours (instead of 136,000 x g for 2 hrs) 
and rate zonal centrifugation in 5-35% sucrose gradients was subjected 
to isoelectric focusing. In an attempt to resolve the question of the 
association of V-3 and V-l in the pH 4.4 peak previously shown for 
other JEV preparations, the detergent disruption procedures were 
changed to include S%  Triton X-100 for one hour at room temperature and 
vigorous vortex mixing at 10 minute intervals prior to electrofocusing. 
The distribution of radioactivity in this electrofocusing experiment is 
shown in Fig. 16-B. The pH gradient was not lineav over the range pH 3 
to pH 10 as intended; however, protein precipitation occurred and a 
protein "overload" could account for the distortion of the pH gradient. 
(Similar pH gradients have been observed in experiments with dengue 
SCF antigens containing high concentrations of mouse brain proteins and 
visible precipitation in the column). A «harp peak of radioactivity 
was observed at pH 4.06. A peak in fraction 39 with a "shoulder" at 
fraction 43 was also observed; however, isoelectric point determinations 
could not be made because of the irregular pH gradient. The pi 4.06 
peak was analyzed by PAGE and the gel profile illustrated in Fig. 17-A. 
Although some radioactivity again failed to enter the qel and a trace 
of large molecular weight protein was observed, the V-3 and V-l associ- 
ation was no longer present. These samples have not been co-electro- 
phoresed with marker polypeptides, but this polypeptide has been 
tentatively identified as V-l. PAGE of the fraction 43 material from 
the pH 7 region of the gradient is shown in Fig. 17-B. As previously 
demonstrated, the V-3 glycopeptide was observed with little or no 
contamination with other polypeptides. Other fractions from the 
electrofocus gradient could not be resolved by PAGE. 

On the basis of these preliminary observations, we feel that at 
least the V-3 and V-l polypeptides of JEV can be separated by isoelec- 
tric focusing. The isoelectric points of these proteins can be 
tentatively identified as pH 4-5 for V-l and pH 7-8 for V-3. It would 
also appear from these experiments that isoelectric focusing does not 
result in the separation of two envelope glycoproteins as described for 
Sindbis virus, a critical question in terms of location of group and 
type specific antigenic determinants of the virion. The antigenic 
characterization of V-3 and V-l, as well as the resolution of the V-2 
popypeptide, are under study. 
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Figure 15. A. PAGE of purified Japanese encephalitis virus.  B. 

Isoelectrio focusing column ot purified Japanese encephalitis virus. 
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Figure 17 .   PAGE of peaks   from  the  isoelectric  focusing  column, 
A,   pi  4,06  peak,     B,   pi   7-8  peak. 
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2. Isoelectric focusing of Japanese encephalitis virus- 
specified polypeptides from chick embryo cell extracts 

Two roller bottles of chick embryo cells were infected 
with JEV(M1/311) at an MOI of 10. They were adsorbed tor 90 min at 
370C. At 9 hours post infection, actinomycin-D was added to each to a 
final concentration of 1 jug/ml. At 18 hours post infection cyclohexi- 
mide was added to a final concentration of 300 jjg/rnl. Thicty minutes 
later the cells were washed extensively, and 33 ^iCi/ml of H-amino acids 
were added to each bottle; actinomycin-D was also readded. At 24 
hours post infection the cells were scraped off the bottles with a 
rubber policeman, into 10 ml of 1% Triton-X 100 in Dulbecco's phosphate 
buffered saline. They were then homogenized in a Sorvall omnimixer for 
30 seconds at full speed. The homogenate was spun at 800 x g for 10 
min to remove nuclei. The supernatant was dialysed overnight against 
2 liters of distilled water. After dialysis, the homogenate was clari- 
fied at 800 x g for 15 min and 7 ml were applied to the electrofocusing 
column contalnino a pH 3-10 gradient in 0.U Triton-X 100. An aliquot 
of 0.2 ml was saved for PAGE. 

Results of the focusing column are shown in Fig. 18-B. Prominent 
peaks occur at the following pH's: 5.60, 6.89, 8.30, 9.33, and 11.39; 
with minor peaks at: 4.03, 4.34, 7.48, 8.02, 11.22, and 11.37, All of 
the peaks were boiled for 10 min in }% sodium lauryl sulfate, 1% 
2-mercapto-ethanol and co-electrophoresed with a l^C marker of JE-intra- 
cellular polypeptides on B% polyacrylamide gels, as previously de- 
scribed (Shapiro, 1971). 

PAGE of the starting material (10% gel) co-electrophoresed with 
14c JE intracellular marker, showed an aberrant pattern (Fig. 18-A). 
The two largest non-structural polypeptides, NV-5 and NV-4 are absent, 
V-3 is reduced, and prominent peaks in the area of NV-3, NV-X are 
present. A large amount of small molecular weight material obscures 
the region of the gel where NV-2 1/2, NV-2, V-2, and NV-1 are usually 
found. Such a result could have been caused by enzymatic digestion in 
the presence of Triton-X 100 during processing, but attempts to 
reproduce this pattern have failed. 

Most of the peaks from tbo electrofocusing column gave multiple 
protein peaks on gels. Peaks at pH-s 4.03, 4.34, 8.30 and 11.39 gave 
a series of unresolvable protein peaks on gels. Still other peaks at 
pH's: 7.48, <) 33, and 11.22, qualitatively resembled the l^C marker, 
suggesting Xv  us that these were pieces of virus modified cellular 
membranes that had not dissociated under the conditions we used. The 
peak at r»H S.60 yielded three protein peaks upon electrophoresis, 
tenUnvely identified as NV-3, NV-X, and another migrating at about 
f.he same place as V-l usually does (Fig, 19-A), The peak at pH G,60 
was refocused to a single peak at pH s.&  (PAGE) 0^ the ref0cus peak 
confirmed its composition (Figs. 19-B & C), Since the two peaks of 
"NV-X" and "V-l" usually absent in infected cell extracts were highly 
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prominent in our starting material, it is possible that these peaks may 
be artifacts. 

PAGE of the material at pH 6.89 in the original column yielded a 
single peak which co-migrated with NV-3 (Fig. 20-A).    The original 
focusing peak could be refocused to pH 7.2 and PAGE of the refocused 
peak again yielded NV-3 (Figs. 20-B & C).    PAGE of the peak at pH 8.02 
on the original column revealed V-3 and NV-2 (Fig.  18-C), but there were 
not sufficient counts to permit refocusing. 

These preliminary attempts to isolate intracellular polypeptides 
from cellular extracts by isoelectric focusing point out several 
problems:    1) For unknown reasons an aberrant gel pattern was obtained 
from the starting material, making interpretation difficult.    Subsequent 
experiments have shown that it is possible to obtain normal distribu- 
tion of the virus specified polypeptides following disruption with 
Triton-X 100;    2) Some other methods must be worked out to permit more 
adequate disruption of virus modified cellular membranes if single 
polypeptides are to be obtained. 

I.    Characterization of mouse peritoneal  lymphocytes for studies 
of virus-induced cell mediated immunity 

1.    General  properties of normal  peritoneal  lymphocytes 

It has been well established that the uninflamed or 
"normal" peritoneal  cavity of most rodents (Shelton et al., 1970) and 
man (Dixon et al_., 1934) contains a large number of eelTT with the 
morphologic characteristics of lymphocytes.    In contrast to lymphocytes 
from other sources, relatively little is known about lymphocytes from 
the normal peritoneal cavity (hereinafter designated normal peritoneal 
lymphocytes, or NPLs).     Some of the characteristics which have been 
attributed to NPLs, however, suggest that they represent a unique 
subpopulation of lymphocytes. 

The following are examples of several unusual  properties of NPLs: 
a) Freshly isolated suspensions of NPLs (in all the studies to be 
described in this section, peritoneal lymphocytes have been "purified" 
from peritoneal macrophages by some variant of selective adherence 
techniques) bind much more antigen in the antigen binding reaction 
than any other population of lymphocytes studied (Ada, 1970);    b) When 
compared with suspensions of splenic lymphocytes, NPLs took up larger 
amounts of soluble protein by pinocytosis (Mandel et al., 1970; 
Catanzaro and Graham, 1970);   c) Mouse NPLs, when placed in cell im- 
permeable chambers in the peritoneal cavity of a rat, with time gave 
rise to cells with morphologic characteristics of macrophages, plasma 
cells and fibroblasts (Shelton et al., 1959);    d)  If NPLs were cul- 
tured in vitro, they acquired the iFility, with time, to phagocytose 
carbon and latex (Vernon-Roberts, 1969; Catanzaro and Graham, 1974). 
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When such "transformed" cells, containing phagocytized carbon particles, 
were injected intraperitoneally into syngeneic recipients, they could 
be decected subsequently at distant sites of experimentally induced 
inflammation  (Vornon Roberts, 1969);    e) Among NPLs were cells capable 
cf synthesizing a 19S hemolysin in response to sheep erythrocytes in 
vitro without an initial proliferative phase, i.e., antibody was 
synthesized even though colchicine was present in the culture (Bussard 
et al_., 1967, 1970);    f) Finally, NPLs have a unique traffic pattern 
when injected intravenously, homing only to spleen and not to lymph 
nodes; in contract, similarly injected spleen and lymph node cells 
migrate to both sites (Gillette and Lance, 1971, 1972; Gillette et al., 
1973). 

Thus,  it seemed to us useful to explore in more detail  the immuno- 
logic and general properties of NPLs.    In this regard, we have compared 
such data with results obtained with more familiar and better character- 
ized lymphoid populations, splenic lymphocytes (SpLs), and where 
appropriate, with peritoneal exudate lymphocytes  (PELs).    PELs were 
obtained from an exudate induced by the intraperitoneal  injection of an 
irritant, and differ at least in that respect from NPLs harvested from 
the undisturbed or normal peritoneal cavity.    In the studies reported 
here, we have investigated the presence of cell surface immunoglobulin 
with fluorescent antibody; the response to the T-cell mitogen, conca- 
navalin A (CON A); the proliferative response to allogeneic histocom- 
patibility antigens in mixed lymphocyte cultures; and the cellular 
metabolic activity as measured by glucose metabolism. 

Materials and methods 

Conventionally maintained female BALB/c and or (BALB/c x 
A)Fi mice fJackson Memorial Laboratories, Bar Harbor, Maine) 12 to 20 
weeks old were usr.d according to the experimental  situation. 

Cells were harvested with RPMI 1640 (6IBC0, Grand Island, NY) 
containing hepes buffer (0.006M; Calbiochem, San Diego, CA) and heparin 
(10 units/ml).    In the case of spleen cells, bovine plasma albumin 
(Calbiochem), 2% (w/v) was added to the harvest medium.    Post-harvest 
washing procedures employed the harvest medium without heparin or added 
protein.    Medium for cell culture contained heat inactivated  (560C for 
45 minutes) fetal calf serum (GIBCO), 10%-20^ (v/v) and a commercially 
prepared antibiotic-antimycotic mixture (100X; GIBCO) at a concentra- 
tion of 1% (v/v). 

Peritoneal exudate cells were harvested 3 days after the intra- 
peritoneal  injection of 2 ml of sterile light mineral oil, and normal 
peritoneal cells were obtained from ^he previously undisturbed peri- 
toneal cavity.    Mice were anesthetized with ether and exsanguinated by 
incision of the right axillary artery.    Following reflection of the 
peritoneal  skin, 3 ml of warm harvesting medium were injected intra- 
peritoneally.    The abdomen was gently massaged for 1 minute, the perito- 
neum incised and the cell rich fluid aspirated under sterile conditions 
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with a Pasteur pipette.   Spleen cell suspensions were prepared by 
teasing minced spleen fragments, obtained from spleens removed 
aseptically from anesthetized and exanguinated mice, through 60 mesh 
stainless steel screens into the harvesting medium.   The cells were 
filtered through sterile gauze to remove large clumps and slowly drawn 
through a 25 gauge needle to produce a suspension of single cells.   The 
suspensions from several animals were pooled in 50 ml plasJc centri- 
fuge tubes (Falcon Plastics, Los Angeles, CA) and centrifuged for 10 
minutes at 180 x g.   The cells were washed twice and resuspended in a 
medium appropriate for the particular experiment.   Viability was 
determined by exclusion of trypan blue. 

To accomplish separation into adherent and nonadherent cells, 
cells were resuspended in culture medium and pipetted into plastic T 
flasks, (75 cm^; Falcon Plastics).   The flasks were maintained tightly 
capped and stationary at 370C for 3 hours.   At the end of this period, 
the flasks were tilted and the cell rich fluid which drained to the 
bottom was collected.   The monclayer was gently rinsed twice with RPMI 
1640 and the wash pooled with the above.   Those cells which had not 
attached to the plastic surface at the end of this period were desig- 
nated non-adherent cells.   The adherent cells were usually discarded. 
However, if needed, these were gently scraped from the flask with a 
rubber policeman. 

Fluorescent microscopy:   Nonadherent lymphocytes were washed 3 
times in ice cold Hank's balanced salt solution (HBSS, Microbiological 
Associates, Bethesda, MD).   A suspension of 1.5 x 106 cells in 0.2 ml 
of HBSS was mixed with an equal volume of a 1:5 dilution of fluores- 
cein-conjugated rabbit anti-mouse-Y-globulin (Cappel Laboratories, 
Downingtown, PA) or goat anti-mouse-y-globulin (Antibodies, Inc., 
Davis, CA).   The specificity of the antisera was established by immuno- 
electrophoresis against whole BALB/c serum (Jackson Memorial Labora- 
tories).   The suspension was maintained in an ice bath for 30 minutes 
and then washed 3 times with ice cold HBSS.   A drop of the suspension 
was mixed with phosphate buffered glycerine and mounted on a glass 
slide with a r^vsr slip.   The suspensions were examined with a Leitz 
fluorescence microscope equipped with an FITC and B623 excitor filter 
and a barrier filter 50.    Controls included incubation with fluores- 
cein-conjugated rabbit anti -mouse albumin (Cappel Liboratories) and 
soecific inhibition of fluorescence with unconjugated rabbit or goat 
anti-mouse -y-globulin (Meloy Laboratories, Springfield, VA). 

Cells were incubated with 1 uCi of glucose-l-l^c (New England 
Nuclear, Boston, MA) for determination of glucose utilization (Stjern- 
holm, 1967).    Incubations were carried out in siliconized 50 ml center 
well Erlenmeyer flasks containing 28-40 x 10^ leukocytes in 5 ml of 
routing culture medium (with 20% v/v autologous serum).   The flasks 
were flushed with 5% C02/95% 02 for 3 minutes and placed in a meta- 
bolic shaker bath (70 strokes per minute) at 370C.   After 4 hours, 
the cells were disrupted with 35% perchloric acid.    Sodium hydroxide 
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(carbon dioxide free) was introduced into the center well to absorb 
the respiratory carbon dioxide.   Labelled carbon dioxide in the sodium 
hydroxide was determined after conversion to barium carbonate.   The 
latter was dispersed in a thixotropic gel powder-toluene scintillation 
fluid mixture for counting.    Radioactivity of all products was deter- 
mined with a Packard 3320 Scintillation Spectrometer.    Results were 
expressed as /i moles of glucose utilized/hour/108 cells. 

Routinely, 1.5 million NPLs or SpLs were cultured in 1 ml of TCM 
containing S% (v/v) fetal calf serum (heated 560C for 40 minutes; Grand 
Island Biological Co.) as described by Stobo et al  (1972).    To the 
cultures were added either Concanavalin A (CON A)  (prepared by a modifi- 
cation of the method of Agrawal and Goldstein (1965), and kindly 
supplied by Dr. A. E. Powell), or phosphate buffered normal saline (pH 
7.4) only.    The cultures were maintained upright in a humified atmos- 
phere of 5% C02/95y£ air at 370C.    Two microcuries of titrated thymidine 
(2.6 Ci/mM; New England Nuclear, Boston, MA) were added for the final 7 
hours of culture.    At the end of the culture period, the cells were 
collected by vacuum filtration through glass fiber filters (Whatman GF/ 
C; WR Balston Ltd., England).    The filters were washed twice with ice 
cold normal saline followed by 2 washes with ice cold 5% trichloracetic 
acid and finally 2 washes with ice cold methanol.    The filters were then 
dried with radiant heat, dissolved in a toluene based scintillant fluid 
and the radioactivity measured in a liquid scintillation spectrometer. 
Results were expressed as the arithmetric mean of quadruplicate samples 
in counts/minute (cpm) or in terms of a stimulation ratio, i.e., cpm 
stimulated/cpm control.    Additional cultures at 72 hours were centri- 
fuged gently and the resulting pellet resuspended in 0.2 ml of heat- 
inactivated fetal calf serum.    Smears were prepared on glass coverslips, 
air-dried and stained with Wright's stain.   The percentage of blasts 
was determined using morphologic criteria (Chessin et^aK, 1966). 

Mixed lymphocyte culture:    Standard culture tubes contained 
either 5.5 x 106 or 2 x 106 nucleated cells in 1 ml of RPMI 1640 with 
53! v/v fetal calf serum (heated 560C for 30 min; Grand Island Bio- 
logical Co.).    In control tubes, BALB/C NPLs or SpLs and (BALB/c x A)Fi 
SpLs were cultured alone.    Experimental tubes contained (BALB/c x A)Fi 
SpLs, the stimulating cell, and either SpLs or NPLs from BALB/c mice in 
a 1:1 ratio.    The cultures weie incubated upright in a humidified 
atmosphere of S% C02 and 95% air at 370C for up to 5 days.    One micro- 
curie of triated thymidine (3H-T dr; 2.6 Ci) mM; New England Nuclear 
Corp., Boston, MA) was added for the last 8 hrs of culture.    The cells 
were collected with vacuum filtration through glass fiber filters 
(Whatman GFC; WR Balston LTD., England).    The filters were washed twice 
with ice cold normal  saline followed by two washes with ice cold S% 
trichloracetic acid and finally with two washes of ice cold methanol. 
The filters then were dried with radiant heat, dissolved in a toluene 
based scintillant fluid and the radioactivity measured in a liquid 
scintillation spectrophotometer.    Each experiment was conducted twice 
in either triplicate or quadruplicate and the results expressed in 
counts per minute (cpm).    Stimulation ratios were calculated as cpm 
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experimental/cpm control. The value of cpm control was arbitrarily 
arrived at by sunming the control values for each of the cell types in 
the experimental tube and dividing by two. In come experiments, the 
tubes were centrifuged, the supernatant discarded and the pellet resus- 
pended in heated fetal calf serum. An aliquot of this suspension was 
smeared on cover slips, air dried, and stained with Wright's stain. 
Blasts were scored according to the morphologic criteria of Chessin et^ 
§1 (1966). 

Results 

The amount of glucose utilized by NPLs, PELs, and SpLs is 
summarized in Table 14. Each population was contaminated with varying 
numbers of macrophages (see Table 14).   Since Stjernholm et al have 
shown that cells of the monocyte/macrophage series metabolizedlpucose 
at much higher rates than did lymphocytes (1970) the values listed in 
Table 14 for all three populations are somewhat higher than would be 
the case in "pure" populations. Further, it has also been shown that 
the metabolic activity of activated macrophages such as are found in 
induced exudates was many times higher than non-activated macrophages 
such as are found in the normal peritoneal cavity (Stjernholm, 1970). 
Thus macrophage contamination of PELs probably contributes more to the 
total metabolic activity than a comparable number of macrophages 
among NPLs. With this in mind, it is not certain that PELs are meta- 
bolically more active than NPLs, as would be indicated by Table 14. 
Both peritoneal populations, however, appear to be almost two-fold more 
metabolically active than SpLs. 

To obtain direct measurements of the glucose utilization of normal 
macrophages, these would first have to be isolated from a cell mixture 
by adherence to a plastic surface and subsequently detached for the 
incubations with isotope. It was our experience that this procedure 
resulted in a significant amount of cell damage or death and was for 
this reason unacceptable. Instead, the glucose utilization of a fresh- 
ly isolated normal peritoneal population containing both NPLs and 
macrophages was determined. Since the differential count was known 
(see Table 14), the contribution of NPLs (obtained in other experiments) 
to the total glucose utilization of the unfractionated peritoneal 
population could be calculated. Subtracting the glucose utilization 
of NPLs from the unfractionated population gives the glucose utiliza- 
tion of normal peritoneal macrophages, i.e., 4.35 u moles glucose/108 

cells/m. 

In these experiments, specificity controls included preincubation 
with non-fluorescein conjugated anti-mouse globulin (control I; see 
Table 15) and incubation with fluorescein conjugated anti-mouse albumin 
alone (control II; see Table 15). Where positive, fluorescence was 
usually distributed circumferentially along the plasma membrane and 
exhibited a continuous, interrupted or granular pattern. Clumps and 
contaminating macrophages usually exhibited strong fluorescence and 
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Table 15 - Surface inmmoglobulln 

t Posltive-exp. 
% 

Positive-control 
jC.b 

Posltl 
% 

ve-control 

II 

NPL 46 - 52* 3« - 5% 0« 

SpL 38 - 41 3« - S% 0% 

PEL 2 - 5 0% 0% 

Range of values in 3 separate experiments obtained by counting 
400-500 cells 

Control I-cells were preincubated with non-fluorescein conjugated 
antibody to specifically inhibit fluorescence 

Control Il-cells were incubated with fluorescein conjugated anti- 
mouse albumin 

were not included in the differential count.    Indeed, the fluorescence 
of the clumps was not inhibited by preincubation with non-conjugated 
anti-mouse y globulin and exhibited fluorescence with anti-mouse albumin, 
suggesting a non-specific nature for this binding.    The data from three 
separate experiments are summarized in Table 15.    It can be seen that 
NPLs and SpLs are B cell rich populations with NPLs containing a 
slightly higher percentage of surface immunoglobulin (Ig) bearing 
lymphocytes (Ig + lymphocytes).    In contrast, PELs from mineral oil 
induced exudates never contained more than S% Ig+ cells, indicating that 
this is a B-cell-poor population.    To determine whether the mineral oil 
interfered in some way with the binding of the fluorescein conjugate, 
SpLs were mixed with oil, washed thoroughly and processed as usual for 
the presence of surface Ig.    Preincubation with oil did not change the 
results described above. 

Mitogenic stimulation:    In this series of experiments, the ability 
of NPLs to respond to the T cell mitogen CON A (Stobo et al., 1972) was 
studied and compared with the responses of SpLs.    In preliminary 
experiments we varied the cell density, serum source, and time of maxi- 
mal response. 

At cell densities above 3 x 10   cells/ml, tritiated thymidine 
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(3Tdr) Incorporation averaged 12.5 x 10   cpm 1n control cultures of 
both NPLs and SpLs at 72 hours, resulting In a lower stimulation ratio 
than could be obtained at lower cell densities.   We found that cell 
concentrations between 1 x 106 and 1.5 x 10^ nucleated cells/ml gave 
the best stimulation ratios for NPLs and SpLs.    If we used S% or 10* 
heat Inactivated autologous serum as a protein source, blastogenesls of 
NPLs was markedly reduced while that of SpLs was abolished.    It 
appeared that autologous serum, even v^en heat Inactivated, was toxic 
to SpLs.   Finally, although there was stimulation at 48 and 96 hours, 
this was far less than at 72 hours. 

Thus maximal stimulation was achieved at 72 hours of culture with 
a cell density of 1.5 x 10^ cells In 1 ml In a medium containing S% heat 
Inactivated fetal calf serum.    These conditions were Identical to those 
described by Stobo et al_ (1972) for mouse SpLs. 

The results of two typical experiments are summarized In Table III. 
The peak blastogenlc response of NPLs, as measured either by the 
morphologic appearance blasts or by trltlated thymldlne Incorporation, 
Is two-fold less than SpLs.    While the maximal stimulatory concentra- 
tion of CON A 1n NPL cultures was always 0.3 ug/ml  (1.5 x 106 cells/ml), 
this varied from 0.3 ug/ml to 1.0 ug/ml in SpLs cultures.    This vari- 
ation was probably due In large part to the presence of a variable 
number of erythrocytes which bound CON A and thus lowered Its effective 
concentration.   Cultures of NPLs contained few contaminating erythro- 
cytes . 

Response to allogenelc hlstocompatlblllty antigens:    In this 
series of experiments, we have compared the response of BALB/C NPLs and 
SpLs (H-2d) to A strain hlstocompatlblllty antigens (H-2a) (Adler, et al_, 
1970).    To this end, we examined the response of BALB/c NPLs and SpE? 
In the one way mixed lymphocyte culture (MLC) to (BAI.B/c x A)Fi SpLs. 
The results are summarized In TaLle 17. 

In preliminary experiments, a variety of cell densities and ratios 
were tested.   Maximal Incorporation of 3HTdr was obtained with a 
responding cell/stimulating cell ratio of one and at a cell density of 
2.0 x 106 with both NPL and SpL cultures.   Higher cell densities 
resulted in Increased Incorporation of 3HTdr in control tubes and con- 
sequently lower stimulation ratios.   Maximal incorporation occurred on 
day 5 (Table 17) with significant incorporation occurring on day 4 also 
(Table 17).   Much lower stimulation was observed on day 3 (Table 17) 
and day 6 (not shown in Table 17). 

With conditions for maximal stimulation. SpLs were at least two 
times more active than NPLs with respect to JHTdr incorporation and at 
least three times more active with respect to percent blasts present 
in the culture.   This was the only (and minor) exception to the usual 
pattern of percent blasts paralleling the 3HTdr incorporation. 
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Discussion 

It has been suggested that many NPLs actually represent macrophage 
precursors (Shelton et^ a1_,    1959; Vernon-Roberts, 1969).    In studies 
reported elsewhere we investigated this possibility in detail   (Catanzaro 
and Graham, 1974).    We have shown that NPLs, in addition to being non- 
adherent to glass or plastic surfaces, are peroxidase-negative and do 
not phagocytose latex particles when freshly isolated.   Monocytic cells 
are peroxidase positive (Van Furth, 1970) and actively phagocytic 
(Fedorko et al^, 1970).   Further, NPLs resembled lymphocytes by ultra- 
structuraT-morphology (see following section).    The glucose utilization 
of leukocytes affords yet another means of distinguishing between cells 
of the monocytic series and lymphocytes; monocytic cells metabolizing 
glucose at a far greater rate than lymphocytes (Stjernholm et al_, 1970). 
It was clearly shown that nonadherent normal peritoneal cells utilized 
at least three times less glucose than corresponding adherent normal 
peritoneal cells.   These data support our previous conclusion that 
NPLs were indeed members of the lymphoid series (Catanzaro and Graham, 
1974). 

These studies, however, also indicated that lymphocytes, although 
metabolically much less active than monocytes, exhibited a wide spec- 
trum of metabolic activity.    Thus, both the normal and exudate popula- 
tions were much more active than SpLs.    Perhaps this higher metabolic 
activity of NPLs and PELs resulted from existence in the suspension- 
like environment of the peritoneal cavity compared to the closely 
packed configuration of the cells of the spleen, many of which are 
sessile.    Lymphoid cells bearing surface immunoglobulins (Ig+) easily 
detectable by conventional methods have been shown to be bone marrow 
derived ur B cells; T cells generally lack surface immunoglobulins 
detectable by such methods (Ig") (Raff, 1971). 

It was not surprising that NPLs contained B cells, since others 
have demonstrated their ability to synthesize a hemolysin in vitro to 
sheep red blood cells (Bussard et al_, 1967, 1970).    However, this 
hemolysin response was unusual  in several respects.    First, despite 
the fact that NPLs were harvested from unimmunized mice, the kinetics 
of the hemolysin production resembled a secondary rather than a 
primary response.    Second, the response proceeded with colchicine 
present in the medium; i.e., it was not dependent on mitosis.    These 
findings suggest that the B cells among NPLs may differ in some way 
from B cells of the spleen.    However, it has been shown recently 
(Shands ert al_, 1974) that NPLs respond to endotoxin with blastogenesis 
in the same way as SpLs. 

PELs contained less than 5% Ig+ cells.    Therefore, NPLs repre- 
sented a B cell rich population and PELs a B cell poor population.    In 
the following section, we showed that uropod-bearing lymphocytes, which 
are thymus derived (Rosenstreich et al, 1972) were found almost 
exclusively in PELs and only rareTy Tn NPLs.    It thus appears that 
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NPLs and PELs comprise functionally distinct populations.   The func- 
tional differences between NPLs and PELs are important since it is not 
uncommon that both NPLs and PELs are referred to collectively as 
"peritoneal exudate lymphocytes", a lack of discrimination which could 
certainly lead to conflicting results.   The proliferative responses to 
the mitogen CON A (Stobo et al_, 1972) and to allogeneic cells (Adler 
et^ al_, 1970) have been shown to be thymic dependent functions.    These 
responses can be expected to give a reasonable approximation of the T 
cell functional capacity of a given population. 

The results indicated that NPLs were twofold less responsive than 
SpLs in the proliferative response to CON A.    It should be pointed out 
that CON A stimulates a much broader spectrum of T-cells than phyto- 
hemagglutinin (PHA), stimulating both unselected thymocytes (Janossy 
and Greaves, 1972) and peripheral theta (0) po'r T cells (Stobo et al, 
1972), which are both unresponsive to PHA.   Thus   most T cells sfiouTcT 
be responsive to CON A.   The same relationship holds with respect to 
the response to allogeneic lymphocytes.   The data indicate that there 
are twice as many histocompatibility antigen reactive cells among SpLs 
than NPLs, and taken together with the above, there were at least two- 
fold as many T cells in SpLs than NPLs. 

Since NPLs contained only 10% more Ig+ cells than SpLs, it was 
unexpected that SpLs would contain twice as many cells capable of 
responding to mitogen and allogeneic cells, i.e., twice as many T 
cells.   Thus, there must be a large number of Ig- NPLs which are not 
classic T cells.   Stobo et al (1973) have recently described a popula- 
tion of lymphoid-like ceTTVTn mouse spleen which are both 9" and Ig- 
(null cells).   They offer strong evidence that these are not T-cells 
and consider among other possibilities that these null cells represent 
B cells with subliminal amounts of surface Ig.   They have also 
described the ultrastructural morphology of such cells as being 
essentially inactive lymphocytes with occasional large mitochondria 
and large segregated nucleoli.    In the subsequent section we have 
demonstrated that such morphologic types are quite common in NPLs. 

It seems probable that in addition to classic T and B cells, NPLs 
contain many of these null cells.    Studies are now in progress with 
anti 9 and anti-mouse-kappa chain antiserum to define further the 
nature of these cells. 

These studies have raised the following questions:    (1) Is there 
a subpopulation of lymphocytes in the peritoneal cavity which belongs 
to the recirculating pool?       (2) As a corollary to number one, what 
factors determine whether a particular cell enters, leaves, or remains 
in the peritoneal cavity?   (3)   What is the immune capacity of NPLs? 
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2.    A morphologic comparison of normal and exudate peritoneal 
^ ) lymphocytes 

I The lymphoid system is heterogeneous in several respects.    One 
of the -nost familiar is the functional distinction between thymus 
derived lymphocytes (T-cells), responsible for cell mediated immunity 
and bone marrow derived lymphocytes 'B-cells), responsible for antibody 
production (Meuwissen et aj_, 1969).    Another component of lymphoid 
heterogeneity involves the differential concentration of functional 
lymphoid classes in separate anatomic locations (Meuwissen et al, 1969). 
Thus, for example, lymph nodes contain a higher percentage of T~cells 
(Raff, 1970) and a greater proportion of its cells belong to the re- 
circulating pool of lymphocytes (Fors, 1966; Ford and Gowans, 1969) 
than does the spleen.    In this regard, we have noted with particular 
interest the reports of Koster et al_.(1970, 1971a, 1971b) and McGregor 
et al  (1971) which have shown that short-lived cellular immune effector 
celTs preferentially emigrated into experimentally induced peritoneal 
exudates. 

In the preceding section, we described the properties of the 
resident lymphocytes of the unlnflamed or "normal" peritoneal cavity. 
These normal peritoneal lymphocytes (NPLs) were found, when compared 
to splenic lymphocytes, to be B cell rich and T cell poor.    In some of 
those experiments we also studied lymphocytes harvested from mineral 
oil induced peritoneal exudates.    In contrast to NPLs, of which 
approximately 50% contained surface immunoglobulin (Ig+), less than S% 
of peritoneal exudate lymphocytes (PELs) contained surface Ig+.    Thus 
the resident lymphoid population of the peritoneal cavity is normally 
B cell rich and is converted to a B cell poor, T cell rich (Berke, et 
al., 1972; Brunner et al., 1971) population following an induced 
inflammatory response. 

These results indicated that the functional  immune capability of 
the lymphocytes of the peritoneal cavity varied with the presence or 
absence of inflammation.   Since the ability to mobilize lymphocytes 
with a particular functional capability to or away from target tissues 
is potentially useful, this phenomenon seemed worthy of further study. 
It is hoped that an understanding of the underlying mechanisms whereby 
lymphocytes accumulate in the normal and Inflamed peritoneal cavity 
will give useful information about such events in other tissues.    A 
first step In the elucidation of these relevant factors would be to 
compare the resident populations in each state.    This section compares 
NPLs and PELs with respect to ultrastructural features. 

Materials and methods 

Conventionally maintained female Balb/c mice (Jackson Memorial 
Laboratories, Bay Harbor, ME) 12 to 20 weeks old, were used throughout. 
The procedures for cell preparation and separation into adherent and 
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nonadherent cells were described in detail in the previous section. 
For studies of morphology, equal volumes of RPMI 1640 and 1.4M phos- 
phate buffer (pH 7.35) containing 0.25M sucrose were mixed and 
designated buffered TCM.    Nonadherent cells (from T flasks) were added 
to an equal volume of 0.U qlutaraldehyde in buffered TCM at 370C. 
The mixture was immediately centrifuged for 5 minutes at 200 xg.    The 
supernate was decanted and the pellet resuspended in 2.5% glutaralde- 
hyde in buffered TCM at room temperature for 15 minutes.    Following 
centrifugation, the pellet was resuspended in ice cold Z.S% glutaralde- 
hyde in buffered TCM for 18-22 hours and then post-fixed in 2% 0s04 in 
phosphate buffer (0.05M, pH 7.35).    After 2 saline washes, the pellets 
were suspended in hot (60oC) 2% (w/v) Noble Agar (Difco Labs., Detroit, 
MI), quickly centrifuged and placed in an ice bath.    The cell rich 
portion of the solidified agar was cut into small blocks, sequentially 
dehydrated in absolute ethanol and propylene oxide and embedded in Epon 
812 (Luft, 1961).    Thin sections (silver to gray) were cut on a Porter- 
Blum MT-1  ultramicrotome with a diamond kn>fe, mounted on collodion- 
coated copper grids and stained with uranyl acetate and lead tartrate 
(Millonig, 1961).    The sections were examined in an Hitachi (HUH) 
electron microscope.    "Thick" (one micron) sections were useful for 
precise differential counts.   These were mounted on glass slides, 
stained with toluidine blue and examined by light microscopy. 

Results 

Differential cell counts were made on the freshly isolated sus- 
pensirr.s and on the cells which did and did not adhere to the surface 
of a plastic T flask after two hours exposure under standard culture 
conditions.   The cells were fixed and processed as usual for electron 
microscopy and toluidine blue stained one-micron sections were 
utilized for the counts.    Based on a frequency of occurrence, we have 
arbitrarily divided the cells into a major population (macrophages, 
lymphocytes) and a minor population (polymorphonuclear leukocytes, 
eosinophils, basophils and plasma cells). 

Cells were considered to be macrophages which varied in diameter 
from 10 to 30 microns and had an eccentrically placed uniform nucleus 
with a low nuclear/cytoplasmic (N/C) ratio.    Macrophages possessed 
prominent cytoplasmic v^cuoles.    We have designated those cells with 
a diameter less than or .-»qua! to 8 microns with a centrally placed 
nucleus and a high N/C ratio as small  lymphocytes.    Small lymphocytes 
had rare recognizable cytoplasmic granules.    Those cells with a 
diameter of greater than 8 microns with a centrally placed round to 
oval nucleus and an N/C ratio between the small lymphocyte and 
macrophage, were scored as large lymphocytes.    Cytoplasmic granules 
were uncommon and nucleoli variably prominent in these cells.    The 
criteria for the minor cell population have been sufficiently well 
defined elsewhere (Bloom and Fawcett, 1968) and were utilized in the 
present study. 
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The data concerning the major population are sunmarized in Table 
18.    The cells scored as lymphocytes were never found in the population 
of cells adherent to the bottom of the flask.    Hereinafter the non- 
adherent cells of each population and the terms NPLs (normal peritoneal 
lymphocytes), PELs (peritoneal exudate lymphocytes) a..u SpLs (splenic 
lymphocytes) will  be used interchangeably.    It can be seen that there 
were about twice as many small  lymphocytes in SpLs than in either peri- 
toneal population and that this relationship was reversed with larger 
lymphocytes.    Table 18 also indicates that "purification" of lympho- 
cytes by adherence was never complete; a small  percentage of macro- 
phages was always present in the nonadherent population.    This was es- 
pecially true in PELs where lipid laden macrophages appeared to adhere 
poorly. 

The minor population was asymmetrically distributed among the 
three populations and is summarized in Table 19.    Polymorphonuclear 
leukocytes (PMNs) represented approximately 3% and 1.0% of the normal 
peritoneal  and spleen populations, respectively, but were still quite 
common in the exudate population three days after the intraperitoneal 
injection of mineral oil,    These exudate PMNs were poorly adherent to 
plastic and frequently contaminated the nonadherent population.    Plasma 
cells were seen only in spl ;en suspensions and never in normal or exu- 
date peritoneal populations,    While mast cells (Fig. 21A) were commonly 
seen among normal  peritoneal cells, they were rarely seen in splenic or 
the peritoneal exudate populations,    Eosinophils (Fig. 21B), on the 
other hand, were only seen commonly among peritoneal exudate cells and 
only very rarely among normal peritoneal  cells or spleen cell suspen- 
sions. 

Using ultrastructural criteria suggesting increased capacity for 
protein synthesis, e.g., content of round surfaced endoplasmic reticu- 
lum (RER), polyribosomes, nucleclar prominence, etc., Zucker-Franklin 
(1969) and Waldo et a]_ (1972) have classified lymphocytes as inactive, 
intermediate and blast cells.    These are not mutually exclusive 
criteria and intermediate forms between the classes are identifiable. 
The term activity in this paper will refer exclusively to morphologic 
evidence of capacity for protein synthesis.   Our observations of 
mouse splenic lymphocytes are similar to the recently reported obser- 
vations of Waldo and Zucker-Franklin (1972) and thus will not be 
described in detail  here. 

The inactive lymphocytes from PELs  (Fiq.  21-C and NPLs (Fig. 21-D) 
were identical in morphology to their counterparts in spleen, lymph 
node, thymus, etc.    These were usually cells less than 10 microns in 
greatest diameter with a bland cytoplasm,  i.e., one devoid of RER and 
polyribosomes, and with infrequent mitochondria.    Consistent with this 
cytoplasmic appearance, the nucleolus was usually inconspicuous. 
While inactive lymphocytes constituted the vast majority of SpLs, less 
than half of the NPLs and PELs could be so classified.    Approximately 
20% of NPLs which would be ordinarily classified as inactive were 
unusual  in that they contained a prominent segregated macronucleolus 
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Figure 2lv  A. Mast cell from normal peritoneal cavity.  Prominent 
ovoid granules (G) of varying electron density are seen.  N indicates 
nucleus.  All sections in this report were stained with uranyl acetate 
and lead tartrate. 8.''SOX.  B. Eosinophil found only in mineral oil 
induced peritoneal exudate.  Two types of granules are seen: Gi - 
homogeneously electron dense and round to elliptical, and G2 - ellip- 
tical, less electron dense with a dark central bar.  Stacks of Golgi 
(Go) and a centriole (C) are in the "hof" of the cell.  N denotes the 
trilobed nucleus. 16,000Xo  C. and D.  Inactive lymphocyte from peri- 
toneal exudates (C) and normal peritoneal lymphocyte (D)„  Note cne 
high nucleus/cytoplasm ratio, the abundant peripheral heterochromatin 
and inconspicucas nucleolus.  No mitochondria are in this section. 
Ribosomes are distributed singly and profiles of rough endoplasmic 
reticulum are not seen.  N indicates nucleus; C. 20,000X; D. 16,000X 
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(Figs. 22-A, B). Such nucleolar prominence is usually associated with 
a much more active cytoplasm, i.e., increased profiles of RFR, etc. 
These cells were found in much smaller numbers among splenic lympho- 
cytes and unconmonly in PELs. 

The remaining NPLs and PELs were of a more active variety and were 
classified as intermediate cells. Such intermediate cells from NPLs 
and PELs were morphologically similar (Figs. 23, 24). These lympho- 
cytes were usually larger than inactive cells, possessed a lower N/C 
ratio and a much more active cytoplasm containing frequent profiles of 
RER (Figs. 23-A - D) and in some cases numerous polyribosomes (Figs. 
24-A, B). Intermediate lymphocytes containing numerou" polyribosomes 
were much more prominent among PFLs. Lymphoblasts were never seen 
among NPLs but comprised approximately 102 of PELs (Fig. 25-A). 

Of most interest was the uropod bearing lymphocyte (Figs. 25-B, C). 
The morphology of the uropod bearing lymphocyte from mouse PELs is 
similar to that described in guinea pig PELs (Rosensteich et al, 1972) 
and human peripheral blood lymphocytes (Biberfeld, 1971; McTarTand et 
al, 1970). In our preparations, these represented approximately lO/T" 
oT PELs, were rarely seen in NPLs, but never observed among SpLs. 
The uropod bearing lymphoid cells were of the inactive variety. It is 
likely that the actual percentage of uropod bearing lymphocytes among 
PELs was higher; uropods are detectable in electron micrographs only 
when they lie within the plane of section. 

Discussion 

We undertook the morphologic comparison of NPLs and PELs as a 
first step in understanding the factors responsible for the accumula- 
tion of lymphocytes in the peritoneal cavity in its normal and inflamed 
state. In the preceding section, we had presented evidence that NPLs 
and PELs are functionally different populations. Were there, then, 
morphologic correlates for these functional differences? Indeed, not 
only were the lymphoid (nonadherent) populations morphologically quite 
different, but the unfractionated freshly harvested populations were 
also different. Thus, the exudate population contained far more PMNs 
that the normal population and contained eosinophils, which were not 
observed in the normal population. On the other hand, mast cells were 
almost found exclusively in the normal peritoneal population. It was 
predictable that plasma cells were not found among PEL, a B cell poor 
population. However, it was surprising that NPLs, which consist of 
at least S0%  surface Ig+ cells, contained no plasma cells. Plasma 
cells were readily identifiable among SpLs. 

Lymphocytes bearing neither surface Ig or theta (9) antigen have 
been described in mouse spleen (Stobo et al, 1973). These have a 
characteristic morphology, be-'ng inactT7eTymphocytes with a segre- 
gated macronucleolus (Stobo et al_, 1973). In the preceding section we 
demonstrated that there was i~large percentage of NPLs unaccounted for 
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Figure 22 .    A.  Survey photomicrograph of several inactive normal 
peritoneal  lymphocytes.     Note absence of prominent nucleoli  in cells 
numbered 1 and 2.     Nu denotes  nucleolus   in cells 3  and 4.     Other 
cellular profiles  include only a small part of  the nucleus  in the p 
plane of section.     N denotes nucleus.  5,200X.      B.  Normal peritoneal 
lymphocyte classified as an  inactive  lymphocyte.     Mitochondria are 
seen in the plane of  section;   ribosomes occur  singly and profiles of 
rough endoplasmic reticulura are not seen.    The plane of  section 
includes a prominent Golgi complex  (Go)  and centriole  (C);   the nucle- 
olus  (Nu)   is quite prominent.     14,900X. 

■ 
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Figure ?1.    Ljrmphocytes  classified as  intermediate cells.     A.  and B. 
Normal peritoneal  lymphocytes.  C.   and "9,  Peritoneal  exudate  lympho- 
cytes.     Note a decrease   in nucleus/cytoplasm ratio,   the  increase  in 
the number of mitochondria  (M)   and profiles  of  rough endoplasmic 
reticulum (arrows).    The plasma membrane contours are  interrupted by 
a variety of villous projections.     Perinuclear microfilaments  (Mf) 
are seen in A.  A.   16,400X;  B.   16,400X;  C.   12,000X;  D.   12,000X. 
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Figure 24,     A.   IntermediaLe  peritoneal  exudate   Lymphocyte exhibit- 
ing a low nucleus/cytoplasm ratio,   frequent profiles of  rough endo- 
plasmic reticulum and  numerous polyr Ibnsomes.   N  indicates nucleus. 
10,600X.      B.  Higher power micrograph ol   the demarcated area  in A 
demonstrating numerous   clusters and rosettes of polyribosomes. 
21,900X. 
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Figure 25.    A.  Lymphoblast  from exudate  lymphocytes with  low nucleus 
cytoplasm ratio,  commonly  seen here,  but only rarely  in normal peri- 
toneal  lymphocytes.     Nuclear chromate  is  rarefied with only a thin 
peripheral  rim of heterochromatin;   prominent nucleolus   (Nu).     The 
cytoplasm contains  numerous profiles  of  rough endoplasmic reticulum 
(arrows)  and many mitochondria.     Note many villous-like projections 
of  the  cytoplasmic membrane.   7,700X.       B.   Inactive  lymphocyte  from 
exudate  lymphocytes exhibiting uropod  (U)  opposite  the "hof"  of  the 
nucleus   (N)  never observed among normal  lymphocytes.     Mitochondria  (M), 
vesicular profiles and an occasional  profile of  rough endoplasmic re- 
ticulum  (arrow)  are seen  in the uropod,   15,280X.     C.  Higher power view 
of another uropod-bearing  exudate  lymphocyte.  There  is a  large number 
of mitochondria (M)  and  frequent  profiles of rough endoplasmic retic- 
ulum (arrows).  N denotes  nucleus.   20,500X. 
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as either a T cell (response to mitogen or allogeneic cells) or B cells 
(surface Ig+). Further NPLs contained a substantial percentage of 
inactive lymphocytes with segregated macronucleoli identical in mor- 
phology to those described by Stobo et al (1973). It appears that NPLs 
are a rich source of such Ig" and 9-Tymphocytes. Experiments are 
presently in progress with the appropriate anti Ig and anti 9 sera to 
establish this point. Such lymphocytes were quite rare among PELs. 

There were two cell types seen almost exclusively among PELS, the 
lymphoblast (Fig.25-A)and the uropod-bearing lymphocyte (Figs. 25-B,C). 
It was surprising that NPLs which contained so many intermediate cells 
(Figs. 23, 24), contained no blast-like forms. Certainly NPLs 
contain cells capable of undergoing mitosis. Thus, it was shown in 
the preceding study that NPLs contained a small percentage of T cells 
capable of blast transformation; also, Shands, et al (1974) have shown 
that nonadherent peritoneal cells give a blastogemc response to 
bacterial lipopolysaccharide, a B cell mitogrn (Peavey, et^ al^, 1973). 
That lymphoblasts were freqently seen among i'ELs was consistent with 
reports by McGregor et al_ (1971) on PELs from rats. 

It has been shown in mice (Berke et^al, 1971; Rrunner et 
1971) and in guinea pigs (Rosenstreich et aT7l971) that PR s ate a 
rich source of thymic dependent effector ceTls. Further, Rosenstreich 
et al_ (1972) showed that uropod bearing lymphocytes from guinea piqs 
were indicative of an immunologically active T-cell population. It 
was consistent with the above that uropod bearing lymphocyte- were 
identified in mouse PELs. Also, their rarity of uropod bearing 
lymphocytes in NPLs suggested that it was a T-effector cell poor popu- 
lation. This is consistent with functional evidence presented in the 
previous section, showing that NPLs contained relatively few histo- 
compatibility antigen reactive cells and few mitogen recctive cells. 
NPLs also are a far less reactive source of cells capab'e of trans- 
ferring a local (dermal) graft versus host reaction, as shown in the 
subsequent section. 

We conclude, therefore, that there exist morphological corre- 
lates to the functional distinctions between NPLs and PELs described 
by our laboratory and others. Thus, while PELs are a rich source of 
T-effector cells, NPLs contain a large number of B cells and cells of 
uncertain nature which may be Ig', 9- lymphocytes. 
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3.    Differential in vivo reactivity of mouse peritoneal exudate 
lymphocytes amT normal peritoneal lymphocytes 

Lymphocytes are normally present in the peritoneal cavity of a 
mouse in the absence of induced inflammation (normal lymphocytes) 
(Shelton and Rice, 1959) and also accumulate following the injection of 
an irritant such as mineral oil  (Catanzaro and Graham, 1970).    Exudate 
lymphocytes have been shown to contain inmune effector cells which 
afford host protection against infectious agents (Koster et al_, 1971) 
and neoplasia (Barke et^ al, 1972).    Further, they are a rich source of 
antigen reactive cells foTlowing immunization (Rosenstreich et al, 
1971, 1973).   Much less is known about normal lymphocytes ancPincfeed 
some investigators make no distinction between the two peritoneal 
populations.    Since the ability to mobilize effector cells to or away 
from target tissues is important, we were interested in whether the 
physiologic state of a tissue could affect the in vivo functional 
capabilities of the lymphocytes which accumulated therein.    For 
example, does non-specific inflammation enhance a tissue's capacity to 
destroy a tumor, resist an infection, etc.   To investigate this, we 
decided to concentrate both peritoneal  lymphoid populations into the 
skin of histoincompatible recipients by intradermal  injection and 
compare the resulting dermal  inflammatory response, i.e., a lymphocyte 
transfer test as described by Brent and Medawar (1963, 1964, 1966), 
This type of in vivo assay allows a daily evaluation of the inflamma- 
tion and thus an appreciation of the kinetics of the response. 

Although others have described such transfers betwt?n histo- 
incompatible mice (Shelton and Rice, 1959), we found the dtrmal  injec- 
tions difficult to administer accurately and, more importantly, quite 
difficult to evaluate quantitatively once admi^-'stered.      For this 
reason, we modified our system from an allogeneic lymphocyte transfer 
to a xenogeneic transfer by injecting donor mouse lymphocytes into 
guinea pig skin in which erythema and induration were easily evaluated. 
The guinea pig ho^ts were rendered immunologically inert by prior 
lethal whole body x irradiation and in some cases were pretreated with 
cobra venom factor to deplete complement (Ballow and Cochrane, 1969; 
Cochrane et al_, 1970).    Where appropriate, the response of both 
peritoneaTHymphoid populations were compared with mouse peripheral 
blood lymphocytes (PBLs) and splenic lymphocytes.    The data establishes 
that normal lymphocytes and exudate lymphocytes exhibit both qualita- 
tive and quantitative differences  in their behavior in tissue. 

Materials and methods 

Conventionally maintained male BALBC/C mice (Flow Laboratories, 
Rockville, MD), 18 to 22 wks of age and male guinea pigs (250-400 g) 
of the Hartley strain were used according to the experimental  situa- 
tion.    Guinea pig hosts were given 700 to 800 y of whole body x 
irradiation from 2 to 5 hrs prior to cell  transfer.    The radiation 
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was administered from a Gamma Cell 40 (Atomic Energy of Canada, Ltd.) 
with a Cesium 137 source (140 + 4 per minute for 5 minutes). In some 
experiments host guinea pigs were depleted of complement, A purified 
low molecular weight (130,000-150,000) fraction of cobra venom (kindly 
supplied by Dr. George Naff) which is anticomplementary in guinea pigs 
(Ballow and Cochrane, 1969; Cochrane et^al, 1970) was prepared accord- 
ing to the method of Ballow and Cochrane"TBallow and Cochrane, 1969). 
A dose of 250 units/kg was injected intraperitoneally into guinea pigs 
in four equally divided doses spaced over a 24-hr period on the day 
before transfer. Daily intraperitoneal injections were given there- 
after for 3 additional days. Complement activity of guinea pig serum 
was determined by a hemolytic assay (CH50) (Mayer, 1961). No comple- 
ment activity was demonstrated after the first day and for 6 successive 
days. 

In cell preparation and separation into adherent and non-adherent 
cells, we routinely used RPMI 1640 (Grand Island Biologic Co., Grand 
Island, NY) containing 0,005 M Hepes buffer (Calbiochem, San Diego, CA) 
and 1% v/v of an antibiotic/antimycotic solution (100 X; Grand Island 
Biological Co.), This will be referred to in the text as culture 
medium. When 10% v/v heat inactivated (560C for 45 min) fetal bovine 
serum (Flow Faboratories) was added to culture medium, it was referred 
to as FBS/culture medium. 

Peritoneal lymphocytes: Cells were lavaged with culture medium 
from the uninflamed peritoneal cavity or from 3-day-old exudates 
indurr^H by the prior intraperitoneal injections of 3 ml of sterile 
lig^    val oil. The cells were washed three time? in culture medium 
anc     t cells were removed by two procedures. Adherence columns 
wer     ed  in 10 ml disposable plastic syringes. To the bottom of 
thest  s added 600 mg of nylon wool (Fenwal Laboratories, Mc-t-on Grove, 
IL) which was preboiled and then rinsed exhaustively with ci 
medium and finally with warm FBS/culture medium. Approxima    r 
cells in 5 ml of warm culture medium were added to the coli     main- 
tained for 30 min at 370C. The non-adherent cells were for    eluted, 
using the syringe plunger with an excess of the same medium. ,he 
eluted cells were then added to plastic T-flasks (75 cm2, Falcon 
Plastics, Oxnard, CA) and allowed to adhere an additional 2 hours. The 
non-adherent cells were designated normal lymphocytes or exudate lympho- 
cytes and were greater than 9S% and 93% lymphocytes, respectively, by 
morphologic criteria. 

Spleen lymphocytes: Spleens were minced through a fiO-mesh stain- 
less steel screen in culture medium and passed through a 27 gauge 
needle to remove clumps and produce a single cell suspension. Red 
blood cells, macrophages and polymorphonuclear leukocytes were separa- 
ted from lymphocytes on :. Hypaque-Ficoll gradient (sp. gr. 1,080) 
(Perper et al, 1968). This resulted in greater than 98% lymphocytes 
by morphöTbgTc criteria. 
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Peripheral blood lymphocytes:    Mice were anesthetized by CO2 
narcosis and exsanguinated by incision of the right axillary artery. 
The blood was immediately diluted with culture medium containing hepa- 
rin without preservative (50 jj/ml; Flow Laboratories) and exposed to 
plastic T flasks to remove adherent cells.    Red blood cells were 
separated from other non-adherent cells by the Hypaque-Ficoll  technique 
(Ballow and Cochrane, 1969)  (sp. gr. 1:085).    This resulted in greater 
than 95% lymphocytes by morphologic criteria. 

In some experiments, donor mouse cells were exposed to 1200 r of 
x-irradiation from a Gamma Cell 220 (Atomic Energy of Canada, Ltd.) 
cobalt 60 source. 

Treatment of cells with anti-light chain serum:    25 x 106 nucle- 
ated cells/ml were suspended in culture medium.    Rabbit anti-mouse 
light chain serum (kindly provided by Dr. Rose Mage, USNIH) was added 
in a 1/10 v/v final concentration.   Cells were incubated for 30 
minutes at 40C and 30 minutes at 20oC, diluted with TCM 20/1, v/v, 
centrifuged and resuspended in guinea pig complement (previously ab- 
sorbed with agarose and murine cells) at a final dilution of 1/4 v/v. 
Incubation continued for 40 minutes at 370C in the presence of DNAase 
(5 jjg/ml; Worthington Biochemical Co., Freehold, NJ).    The cells were 
».ashed and resuspended for injection.    When used with splenic lympho- 
cytes, the resultant population contained no more than 4% of cells 
bearing surface immunoglobulin by fluorescent criteria.    Also 39% 
specific release of ^Icr from suitably labelled SpLs followed treat- 
ment with anti-light chain serum and complement. 

Guinea pig spleen cells were harvested in the manner described 
above for mouse spleen cells.    Potential donor mice were immunized with 
2 x 10^ nucleated guinea pig spleen cells by a single subcutaneous 
injection in the subnuchal region.    Modifications of tnis procedure 
will  be noted in the results section. 

The skin of the flank of guinea pig recipients was closely shaved 
with animal clippers and depilated with Nair (Carter Products, NY City). 
The standard test inoculum varied from 5 x lOo to 4 x 107 donor mouse 
lymphocytes in 0.1 ml of TCM.    This was injected intradermally with a 
27 gauge needle.    The animals were examined daily and the reactions 
were scored for the diameter of erythema (perpendicular to the needle 
tract) in millimeters and induration assessed on an arbitrary numeri- 
cal  scale; 0 = no induration, +1  = slight induration, +2 = induration, 
+3 = central blanching, +4 = hemorrhage or necrosis.    Each experiment- 
al group contained at least 8 guinea pig host animals and results were 
expressed as a mean + standard error (S.E.). 

Mixed lymphocyte culture:    One way xenogeneic and allogeneic 
mixed lymphocyte cultures were carried out was according to the method 
of Phillips et al_, 1973.      Briefly, 0.5 x 106 responding lymphocytes 
were culturecPin microtiter plates (Falcon Plastics) with equal  numbers 
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of target cells. The target cells received 1200 . of x irradiation. 
The responding cells were always from BALB/c (H-2a) and the target 
cells included CsyBLßCH-Z3) and guinea pig spleen cells. Cultures were 
assayed for blastogenesis dally from day 1 to day 5 after initiation of 
culture. Four hours before the termination cf culture, one microcurie 
of tritiated thymidine (New England Nuclear Corp., Boston, MA; 6.7 uCi/ 
mM) was added. The cells were harvested using a MASH II Cell Harves- 
ter (Microbiological Associates, Bethesda, MD) onto glass filter discs. 
The discs were airdried and dissolved in a liguid scintillation 
mixture (Aquasol, New England Nuclear Corp.). Samples did not vary 
more than 15% from the mean. Results were expressed as mean counts per 
minute (CPM) of incorporated thymidine or stimulation ratios, i.e., CPM 
experimental/CPM control. 

Results 

General: The intradermal transfer of lymphoid cells from pre- 
itnnunized donor mice into host guinea pigs was referred to as the 
immune lymphocyte transfer test. In the normal lymphocyte transfer 
test, donor mice had not been preimmunized with host guinea pig cells. 
Tn initial experiments, we injected 107 heat killed SpLs, 0.1 ml of 
culture medium and 0.1 ml of culture medium containing S% v/v Ficoll 
Hypaque. At most these resulted in mild transient erythema which was 
undetectable by the second day and no induration. These responses 
were collectively referred to in the text as background. 

Peritoneal lymphocytes: The normal lymphocyte transfer test  th 
10 transferred exudate lymphocytes differed from that with 107 trans- 
ferred normal lymphocytes in several ways (Fig. 26). First, at each 
day post transfer, erythema and induration due to exudate lymphocytes 
were significantly greater than were found with normal lymphocytes. 
Second, peak erythema was achieved one day earlier with exudate 
lymphocytes (24 hrs vs 48 hrs). Finally, while the dermal inflamma- 
tory response was undetectable at five days after transfer of normal 
lymphocytes, significant erythema and induration could be found at 
eight days after the transfer of exudate lymphocytes, at which time 
most of the lethally x-irradiated guinea pig hosts were beginning to 
die. If donor normal or exudate lymphocytes were x-irradiated (1200 r) 
prior to transfer, there was no difference in the normal lymphocyte 
transfer test. 

Effect of T-cell enrichment: We have shown elsewhere by immuno- 
fluorescence criteria that normal lymphocytes were a B cell rich 
population (Adler et al_, 1970). Perhaps these differences between 
normal exudate lympFocytes in the normal lymphocyte transfer test 
noted above were due solely to the higher content of T cells in exudate 
lymphocytes. To investigate this possibility, we enriched the T cell 
content of normal lymphocytes by treating them with anti light chain 
serum and complement which results in specific B cell lysis. It can 
be seen in Fig, 27 that such T cell enrichment resulted in an 
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Figure 26 . Comparison of the normal lymphocyte transfer test media- 
ted by 10 transferred peritoneal exudate lymphocytes (PEL) and normal 
peritoneal lymphocytes (NPL) 
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Figure ?7. Enrichment of T-cell content of normal peritoneal lympho- 
cytes by treatment with light chain serum and complement and its effect 
on the normal lymphocyte transfer test (NLT). 
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augmented response in the normal lymphocyte transfer test. Indeed, at 
tcrly times after transfer, despite the fact that mean values were 
higher with exudate lymphocytes, they were not statistically different 
than T cell enriched nonnal lymphocytes. However, at later times after 
transfer, i.e., at days 7 and 8, there was no detectable inflammatory 
response with normal lymphocytes, while a striking response was still 
seen with exudate lymphocytes. 

Effect of cobra venom factor on the normal lymphocyte transfer 
test: Schlesinger (1965) has described a guinea pig antibody which 
mediates complement dependent lysis in vitro of mouse thymocytes and to 
a far lesser degree, other mouse lymphocytes. Perhaps normal lympho- 
cytes were more sensitive to this antibody in vivo and were being 
selectively killed in vivo after transfer. "Tn some experiments, we 
depleted host guinea pigs of serum complement with cobra venom factor, 
as well as treating them with lethal X-irradiation. No augmentation 
of the normal lymphocyte transfer test response of normal lymphocytes, 
or for that matter, with any other population studies were observed. 
In fact, slight reductions in inflammatory intensity were occasionally 
noted. 

Immune lymphocyte transfer test: Normal and exudate lymphocytes 
were harvested from mice at 3, 6, 10 and 15 days post immunization (PI) 
with guinea pig spleen cells. The immune test curves from 10^ trans- 
ferred normal lymphocytes at 3 or 15 days PI were almost superimposable 
with the corresponding normal transfer test. Differences due to 
immunization were detectable at 6 days PI and maximal at 10 days PI. 
Fig, 28 compares the normal with an immune test transferred by normal 
lymphocytes 10 days PI. Clear differences between the immune and 
normal transfer tests were more clearly appreciated with erythema than 
with induration. These differences included an almost twofold increase 
in peak erythema, occurring on day 2, and a prolongation of the erythe- 
matous response in the immune test two days longer than the normal 
test. Peak induration occurred at day 2 and there was a prolongation 
of the erythematous response in the immune test two days longer than 
the normal test. Peak induration occurred at day 2 in both the immune 
and normal transfer tests, and to the same degree in each. However, at 
later times, i.e., at days 3-5, the mean induration was slightly 
greater. Thus, the effects of immunization include not only higher 
peak responses but a prolongation of the response. 

The immune lymphocyte transfer test with exudate lymphocytes was 
also maximal at 10 days PI. This response differed from the immune 
test with normal lymphocytes in two respects: first, the early immune 
test response, i.e., from 0 to 5 days (Fig. 29) was not different from 
the corresponding normal transfer test, unlike the increases seen with 
immune normal lymphocytes (Fig. 28). However, most striking was the 
terminal "flare" reaction from days 5 to 8 with exudate lymphocytes 
(Fig. 29) which was not observed in the immune test with normal lympho- 
cytes (Fig. 28). 
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Figure 28. Comparison of the normal lymphocyte transfer test (NLT) 
and the immune lymphocyte transfer test (ILT) mediated by normal peri- 
toneal lymphocytes.  Donor mice had been preimmunized with guinea pig 
spleen cells 10 days prior to transfer. 
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Figure 29.  Comparison of the normal lymphocyte transfer test and the 
immune lymphocyte transfer test mediated by peritoneal exudate lympho- 
cytes.  Donor mice in the immune lymphocyte transfer test had been pre- 
immunized with guinea pig cells 10 days prior to transfer. 
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We subjected Inwuune exudate lymphocytes to 1200 r of X-1rrad1ation 
before transfer to see what portion of the Immune test was dependent 
on the proliferation of the transferred cells. Apparently during the 
Initial 0-5 days, no mitosis of the transferred cells took place and 
the immune transfer test with non X-irradiated immune exudate cells 
was Identical (Fig. 29). However, such treatment abluted the terminal 
flare response, indicating that this response was dependent upon 
mitosis. Similar irradiation experiments with immune normal lympho- 
cytes and splenic lymphocytes (not shown) had no effect on the response. 

Comparison of the immune lymphocyte transfer test vs normal 
exudate lymphocytes: In a separate experiment we compared the immune 
test, 10 days PI, of 107 transferred normal exudate lymphocytes. In 
Fig. 30 It can be seen that the differences are significant and, as 
was the case with the normal test, the behavior of Immune exudate and 
normal lymphocytes in tissue are quite distinct. There was higher 
response at days 2 and 4 post transfer for induration and erythema, 
respectively, with exudate lymphocytes. Further, a flare reaction was 
not seen with normal lymphocytes, indicating the lack of a mitotic 
response of these cells in host tissues in the late stages after trans- 
fer. Notice that this experiment involves the transfer of 10^ exudate 
lymphocytes, while that in Fig. 29 results from the transfer of 5 x 106 

exudate lymphocytes. There is little difference in peak reactions, 
but with the larger cell number the early non-mitotic phase is prolonged 
and so the late flare is less pronounced (Fig. 30); whereas with fewer 
cells transferred, the eanv non-mitotic phase declines somewhat before 
the terminal flare (Fig. 29). 

Splenic lymphocytes - comparison of normal vs Immune lymphocyte 
transfer test: For sake of reference and comparison we included data 
obtained with the transfer of splenic lymphocytes and below with peri- 
toneal blood lymphocytes. In terms of the ability to elicit a 
transfer response, splenic lymphocytes represented the least reactive 
of all populations studied. Thus when either 2.5 x 106 or 5 x 106 
immune or non pre-sensitized splenic lymphocytes were transferred, the 
resulting response was no greater than background reactions. Only when 
107 cells are transferred were reactions over background seen. 
Response In the normal lymphocyte transfer test was brief and unde- 
tectable after 3 days (Fig. 31). The effects of immunization were only 
detectable at 10 days PI and those immune transfer tests at 3, 6, and 
15 days PI were not different from the corresponding normal transfer 
tests. While the immune test with 10' transferred cells resulted in 
a higher peak of and prolongation of erythema, induration was para- 
doxically lower than the corresponding normal test and lasted a day 
less (Fig. 31). 

We attempted to see whether this hyporesponsiveness of splenic 
itive phenomenon by increasi 
Both the normal and immune 

lymphocytes was a quantitative or qualitative phenomenon by increasing 
the transfer inoculum to 2 x 10' cells. 
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Figure 30. Comparison of the immune lymphocyte transfer test media- 
ted by peritoneal exudate lymphocytes (PEL) and normal peritoneal 
lymphocytes (NPL).  Donor mice were preiramunized with guinea pig cells 10 
10 days prior to transfer. 
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Figure 31.  Comparison of the normal lymphocyte transfer test (NLT) 
and the immune lymphocyte transfer test (ILT) mediated by splenic 
lymphocytes.  Donor mice in the immune lymphocyte transfer test had 
been preimmunized with guinea pig cells 10 days prior to transfer. 
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tests were increased and the reactions prolonged (Fig. 32). However, 
the shape of the curve was basically the same and no terminal flare 
was noted. Increasing the inoculum to 4 x 107 cells (not shown) only 
slightly increased the results obtained with 2 x 107 cells. 

Marrow lymphocytes: Up to 10^ marrow lymphocytes from immune or 
non-presensitized donors never gave a dermal inflammatory response 
over background. 

Peritoneal blood lymphocytes: In many ways the response with 
transferred peritoneal blood lymphocytes, both in the immune and 
normal transfer tests, resembled that with peritoneal exudate lympho- 
cytes. A striking early reaction was observed with only 5 x 106 per- 
ipheral blood lymphocytes (Fig. 33). As was the case with exudate 
lymphocyte transfers, differences between immunized and non-immunized 
donors were best seen at the later times. However, it should be 
noted that the initial reaction (both immune and nonimmune) with 
peritoneal blood lymphocytes was the most striking of all observed, 
even greater than peritoneal exudate cells. A slight flare was noted, 
perhaps masked by the already high initial values (Fig. 33). 

Xenogeneic mixed lymphocyte cultures: The incubation of carefully 
washed X-irradiated guinea pig spleen cells in the mixed lymphocyte 
culture with each of the populations studied resulted in a suppression 
of the spontaneous DNA synthetic capacity of these when incubated 
alone (Table 20). Under similar conditions, the allogeneic mixed 
lymphocyte culture with splenic lymphocytes, BALB/c with X-irradiated 
C57 Ble» resulted in at least twenty-fold stimulation (Table 20). 
Further, if one took X-irradiated guinea pig spleen cells, carefully 
washed after irradiation, and cultured them overnight, the unconcen- 
trated supernate from these cultures resulted in a similar suppression 
of DNA systhesis in murine splenic lymphocytes (Table 20). 

Discussion 

The data demonstrated striking differences in the behavior in 
foreign tissue of exudate and normal lymphocytes from normal and 
immune donors. To understand the nature of these differences, the 
nature of the xenogeneic transfer system should be discussed in some 
detail. Our first concern was the nature of the antigenic stimulus 
to donor mice posed by exposure to guinea pig tissues. Since the 
Hartley strain was not inbred, differences in reactivity may be due 
to variation in the nature of the antigen challenge offered by 
individual host guinea pigs. It has been shown by Sachs et al_ (1971) 
that in a xenogeneic system, the bulk of the response wasTirected 
against antigens shared in comnon by the species and to a far less 
degree to individual histocompatibility differences. Thus mouse 
lymphoid cells were in the main recognizing "guinea pig" and the 
degree of variation due to individual differences should not be great. 
The xenogeneic lymphocyte transfer tests presented above differed from 
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Figure 32.  Comparison of the normal lymphocyte transfer test (NLT1) 
and the immune lymphocyte transfer test (ILT) mediated by 2 x 10' 
splenic lymphocytes instead of 1 x 10 splenic lymphocytes as in the 
preceeding figure. 
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Figure 33.  Comparison of the normal lymphocyte transfer test (NLT) 
and the immune lymphocyte transfer test (ILT)  mediated by peritoneal 
blood lymphocytes.  In the ILT, donor mice were preimmunized with 
guinea pig spleen cells 10 da^s prior to transfer. 
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Table 20 - Allogenelc vs Xenogeneic MLCa 

Responding s 

cellsb  Control
0  C5! Bl6  Ae  Guinea pig  A  ^f  A 

SpLs 952.0d 2,0943.0   21.9    797.0 0.8   478   0.5 

PELS 6,470.8 1,111.4 0.2 

NPLs 6,753.0 2.435.0 0.4 

PBLs 909.6 475.0 0.5 

a 

b 

c 

d 

e 

Allogeneic and xenogeneic target cells ■ SpLs exposed to 1200 r 
prior to culture 

All responding cells are from BALB/c mice 

Control values represent the incorporation of tritiated thymidine 
by the responding cells when cultured alone 

Mean counts per minute (CPM) of tritiated thymidine incorporated 
per culture. These values represent the mean of quintuplicate 
samples and individual results vary less than 10% from the mean 

A ■ stimulation ratio, i.e., cpm experimental/cpm control. The 
data represented the maximum stimulation ratio obtained over a 
5-day culture; usually reached at 72 hrs 

Irradiated (1200 r) target guinea pig spleen lymphocytes were care- 
fully washed and incubated for 24 hours under standard culture 
conditions. One volume of the supernate from this culture was 
added to an equal volume of BALB/c SpLs and the culture carried 
out in usual fashion, i.e., as with controls 

the allogeneic transfer tests originally described by Brent and 
Medawar (1963, 1964, 1966, 1966). In their descriptions of the normal 
lymphocyte transfer test an early, non-mitotic dependent response due 
to "recognition events" which peaked at 2 days was observed. Thereupon 
followed, at four days, a flare of the inflammatory response which was 
dependent upon the mitosis of the transferred cells. The normal 
transfer test with either peritoneal population (Figs. 26-28), or for 
that matter with any of the populations studied, never exhibited this 
flare. Indeed a flare was seen only with transferred immune peritoneal 
exudate and peritoneal blood lymphocytes, and this occurred quite late 
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after transfer. 

We submit, for the following reasons, that the differences noted 
above were due to the fact that the tissues of X-lrradlated guinea 
pigs suppressed the mitosis of transferred murlne cells early In the 
response. One of the responses of hlstocompatlblllty antigen reactive 
cells to antlgenlc challenge Is proliferation with consequent expan- 
sion of the clone of HARCs (Sachs 1971, Wilson 1967, 1968, 1971). In 
the normal transfer test, this lymphold proliferation must take place 
In guinea pig tissues and as can be seen with the X-irradiatlon data, 
mitosis did not occur. The fading of the normal transfer test re- 
sponses could be looked upon as the failure of expansion of that sub- 
population of lymphold cells reactive to guinea pig tissues. On the 
other hand, in the immune transfer test, proliferation of murine lympho- 
cytes in response to guinea pig cells may take place in the mouse, 
resulting in an expanded clone of histocompatibility antigen reactive 
cells. As we demonstrated in the immune transfer test, this enlarged 
clone of reactive cells not only resulted in a higher peak response, 
but also a prolongation of the inflammatory response. The late occur- 
rence of the flare in the immune transfer test of peritoneal exudate 
and blood lymphocytes suggested that this suppressive effect was 
temporary. It seemed that the content of histocompatibility antigen 
reactive cells was only sufficiently large enough in the case of 
peritoneal exudate and peritoneal blood lymphocytes to give a flare 
response. The in vitro mixed lymphocyte cultures where suppression of 
DNA synthesis oFlnurine lymphold cells by X-irradiated guinea pig cells 
was noted,& the fact that concentrated supernates from cultured X- 
irradiated guinea pig cells had a similar effect strongly suggested 
that the suppressive effect in vivo might be due to a soluble factor 
released by X-irradiated guinea pig spleen cells. Since pretreatment 
of the host guinea pigs with cobra venum factor which depletes com- 
plement (Ballow and Cochrane, 1969) does not change these results, 
the possibility that this soluble factor is an anti-mouse leukocyte 
antibody seems unlikely. 

In the normal lymphocyte transfer test the reactions caused by 
exudate lymphocytes were far more intense and lasted longer than normal 
lymphocytes. While T-cell enrichment Increased the response of normal 
lymphocytes, it did not bring their response up to the levels attained 
with exudate lymphocytes. This suggested that the differences between 
them with respect to the normal lymphocyte transfer test were not 
simply quantitative. Since the graft vs host response required the 
synergy of several lymphoid subpopulations (Cantor et al, 1970, 1970), 
perhaps a selective deficiency in a necessary T-celT-süFpopulation was 
responsible for these deficits. This aspect of the problem is 
currently under investigation. 

The high initial reactivity of peritoneal exudate lymphocytes in 
the normal transfer test was hard to justif> on the basis of "recogni- 
tion events" alone, since exudate lymphocytes were generally regarded 

475 

i»...J,,.„l^..ti;.W^^Mlaj«l»»t«lia-^u»»^^^.^.^' :..-. - ,-■    ■     :■   ■■   n   •    trlgiilJ^^^SSI'i^^^^l^^^l^i^^^''^--'^.--- -  -     ,..... .1.. .,.,..^.. .,:,   ,■...  



|||lil|||PliWiPliPWPlBW> I i . Ml I IWU.i^Wlipiipp^iliil^fffW^IIWfl^^WWIWi^^ .MpiPJuiiMHi.iiii .ii|i]i.,in 

as a population of T-cells committed to antigens to which the animal 
had been recently exposed. With this in mind, it would seem doubtful 
that exudate lymphocytes from non-immunized mice contained a large 
population of cells reactive to guinea pig tissues. Because of the 
suppressive effects of guinea pig cells in the mixed lymphocyte 
culture, it was impossible to investigate this possibility. We would 
suggest that the simple act of concentrating inflammatory lymphocytes 
in tissue was sufficient to cause a reaction of this intensity. The 
fact that the early stages of the immune transfer test with exudate 
lymphocytes was no different from the normal transfer test supported 
this point. Others have demonstrated the non-specificity of a large 
percentage of the exudate at the site of a delayed type hypersensitivity 
reaction (Hill, 1969). With these methods of assay, it was not possible 
to determine what portion of the exudate lymphocytes' early reaction 
was due to nor.r.pecific factors and which were due to "recognition 
events". The fact that the stages of the immune transfer test early 
response of exudate lymphocytes did not differ from the normal transfer 
test (Fig. 29) suggested that the nonspecific response was indeed great 
and "masked" whatever specific events occurred. 

The complete opposite pattern obtained with normal lymphocytes in 
which there was a slight initial response which was augmented by 
immunization. Thus, while the ability to mediate nonspecific inflamma- 
tory responses was characteristic of exudate lymphocytes, it was 
possible that normal lymphocytes possessed more cells potentially re- 
active to guinea pig tissues. It was probable that the intense early 
normal transfer test reaction of PBLs (Fig. 33) was due to specific 
recognition events. Such a view was strongly supported by Brent and 
Medawar (1963, 1964, 1966). However, with remote immunization, 4.e., 
by a route other than the peritoneal cavity, it was again noted that 
normal and exudate peritoneal lymphocytes were functionally distinct 
populations. Although the ILT response of normal lymphocytes was 
augmented (Figs. 28, 30), it was certainly not as rich a source of 
immune effector cells as exudate lymphocyte (Figs 29, 30). It is of 
interest that in terms of pattern of response curves there were two 
distinct groups: peritoneal exudates with peritoneal blood lympho- 
cytes, and normal peritoneal and splenic lymphocytes. 

Such results were, of course, important in demonstrating that 
normal lymphocytes and exudate lymphocytes were functionally different 
populations. However, as we indicated in the introduction, these 
lymphoid cells could profitably serve as models for similar cells 
accumulating in normal and inflamed tissues. In this context then, we 
can generalize the following: The resident lymphocytes of a particular 
tissue contain far fewer histocompatibility antigen reactive cells 
capable of graft vs host activity than those circulating in the 
peripheral blood. Remote immunization only slightly augments this 
graft vs host capacity of the resident, cells and it is only when in- 
flammation calls forth an exudate that this activity is intensely 
increased. Thus immune protection at the site of an emerging neoplasm - 
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or a newly arrived metasis in the absence of inflammation may be mini- 
mal and significant protection only obtained when the tumor incites an 
inflammatory response. In this regard, the studies of Berke et al 
(1972) demonstrated that the regression of an intraperitoneal tumor 
paralleled its ascites-forming capacity. With these applications in 
mind, we are currently studying the traffic of lymphoid cells into the 
peritoneal cavity in the normal state and also the physiologic and non- 
physiologic factors which affect the functional capacity of the resi- 
dent cells. 

J. Immune cytolysis of 1.LC-MK2 cells 

The appearance of arbovirus antigens on the surface of infected 
cells was described in the previous annual report. Briefly, a variety 
of cell cultures infected with group A arboviruses could be lysed by 
antiviral antibody at the same time that virions were buduing from the 
cell surface. Virus specific immune lysis of group B arbovirus in- 
fected cells was more complex. Primary chick embryo cells and continu- 
ous BHK-21 cell cultures infected with Japanese encephalitis (JE) virus 
cou'd be lysed with antiviral antibody as soon as new virus was 
released from the cell, probably by reverse pinocytosis. However, JE 
infected LLC-MK2 cells, which produce more infectious virus than the 
other cell types, could not be lysed until after cytopathic effects 
were observed, and then only minimal lysis was obtained as measured by 
release of absorbed radioactive chromium. LLC41K2 cells infected with 
another group B arbovirus, dengue-2, could not be lysed, either, until 
long after the appearance of infectious virus in the culture fluid. 
Failure to lyse dengue infected LLC-HKo cells when virus was first 
released from the cell was not due to the absence of dengue antigens on 
the cell surface; peroxidase-conjugated dengue antibody was found to 
attach to infected cell surfaces. 

We also observed a decreasing susceptibility to dengue specific 
lysis which appeared to be related to changes in the LLC-MK2 cells that 
occurred during subculture. In support of this, preliminary experiments 
established that after approximately 50 subpassages, LLC-MK2 cells 
could not be lysed by ant1-LLC-MK2 antiserum prepared against earlier 
subpassages which were susceptible to lysis by this antiserum. This 
decreasing susceptibility to anti-cell lysis closely paralleled the 
decrease in susceptibility to viral specific lysis. Of particular 
interest was the fact that high passaged ceils productively Infected 
with the arboviruses listed above (or with poliovirus) were again 
susceptible to high levels of specific lysis with anti-cell antibody, 
although not with dengue antibody. We repeated these observations with 
another lot of anti-cell antibody. We felt that productive infection 
may Influence: a) cell fragility; b) the re-expression of cellular 
antigens previously deleted by subpassaqe; c) accessibility of mem- 
brane antigens by glycocalyx changes* d) any combination of the above. 
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In the following experiments, specific lysis refers to the percent 
chromium release In experimental minus the controls. Maximal lysis 
represents the largest percent lysis observed In a particular series 
of experiments. There were essentially two experimental situations: 
the first when antlserum gave maximal lysis (usually 65 to 70 percent) 
and the second case when antlserum gave submaximal lysis. When 
maximal anti-cell lysis was obtained, then there was no Increase In lysis 
following productive Infection, and dengue specific lysis was obtained 
by 48 hours post Infection. When anti-cell lysis was submaximal, there 
was an Increase In antlcell lysis with productive viral Infection, and 
dengue specific lysis was reduced and öelayed up to 96 hours post Infec- 
tion. LLC-MK2 cells during s-jb-ulture will revert spontaneously In just 
a few passages at unexpacted times from one condition to the other. 
Thus, at the present time, high passaged LLC-MK2 cells with a previously 
low lytlc potential have "transformed" back to maximal specific release 
to both lots of anti-cell antlserum. As a result, several of the experi- 
ments are incomplete at this time. 

Cell fragility: Chromium release due to rapid freeze-thawing or 
gradual decreases in culture fluid osmolarity was the same in both nor- 
mal and dengue infected LLC-MK2 cells. This was true when the uninfected 
cells wr.c exhibiting both high and low specific chromium release to the 
i»-.w 1-eel 1 antibody. The results indicated that there was no Increase in 
cell fragility following infection, by these parameters. 

Expression of cell antigens (quantitative): In an attempt to deter- 
mine if infected LLC-MK2 cells re-express cellular antigens deleted or 
somehow covered during subculture, we examined the binding of anti-cell 
antibody to Infected and uninfected cells. Mormal and dengue-infected 
cells were incubated with anti-cell antibody prepared in mice, washed 
extensively, and further incubated with ^5i_rabbit anti-mouse globulin. 
It can be seen in Table 21 that the binding of anti-cell antibody de- 
creased with infection (column 1) even though complement dependent lysis 
of these cells by the same antibody remained constant up to 72 hours 
post infection (column 2). The number of cell antigens above a certain 
density may be unimportant for lysis, and productive Infection, while 
causing a decrease in antibody binding, ensures access to antigens 
critical to the integrity of the plasma membrane. Unfortunately, these 
experiments were carried out when uninfected cells were lysed by anti- 
cell antibody; as with many previous experiments, we had expected to 
show that uninfected cells could not be lysed by anti-cell antibody 
until they became productively infected. We are presently testing for 
reversion to submaximal lysis to complete these results. 

Nevertheless, the results suggested that qualitative factors in 
cellular antigenic expression may be of importance. In contrast to 
antibody mediated lysis, T cell mediated lysis requires not only a cer- 
tain antigenic density on the target cell but an antigenic configuration 
very similar to the immunizing cell (Brunner and Cerrottini, 1971). 
Subtle changes in antigenic configuration can be detected by this method. 
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1 
Table 21 - Binding of anti-LLC-MK2 cell antibody to normal and dengue-2 

infected cells by the indirect technique as compared to 
complement-dependent lysis by the same antibody 

Antibody binding        Cell lysis (percent 
(counts per min.;a        chromium release)'5 

Uninfected cells 18,987 

24-hr DEN infected 17,448 

48 10,805 

72 10,838 

64.5 

66.7 

64.3 

65.4 

a CPM due to 125I-rabb1t anti-mouse globulin 

b       51 
Percent  Cr release ■ CPM sjoernate/CPM supernate + CPM cells after 

incubating the cells with guinea pig complement and anti-cell 
antibody prepared Nov 1971; highest background with antibody 
alone or complement alone ■ 7 percent 

T effector cells were obtained from peritoneal exudates of mice 
immunized 9 to 15 days previously with 2 x 10' LLC-MK2 cells. Macro- 
phages were separated by adherence techniques. Lymphoid cells were 
applied to chromium labeled LLC-MK2 cells in a ratio of at least 50:1. 
In initial experiments (July 1973) we obtained 10 percent specific 
lysis. This value was maintained in four separate experiments over a 
two-month period. During that time we showed that no increases in 
specific chromium release could be obtained by any of the following: 
1) inclusion of macrophages with the lymphocytes; 2) reduction of 
killer cell target/cell ratio to 30:1 or an increase to 100:1; 3) a 
booster immunization with LLC-MK2 cells in a similar schedule that pro- 
duced the anti-LLC-MK2 cell antibody. We began to observe (Sept 1973) 
a decrease in specific chromium release to S% and finally to undetect- 
able levels by Oct 1973. Unlike antibody mediated lysis which dramati- 
cally increased after virus infection in these experiments, no increase 
in lysis by LLC-MK2 cell sensitized T cells was observed post virus 
infection. The passage level of the cells relative to the source of 
anti-cell antibody and sensitization of the T cells was quU« different. 
Antibody to the LLC-MK2 cells was made greater than 50 subpassages 
earlier and did not lyse the higher passaged cells until they were 
'^ected; the T cells were sensitized with the same passage cells 
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aliquot;  of which were held In culture until they were used as target 
cells.    This Implies that antlgenlc drift of the cell surface Is not 
the reason for decreasing lytlc ability.    If antlgenlc drift were true, 
then T-cell mediated lysis should not decline as the antibody mediated 
lysis declines.    The Increased lysis of pu-ductively infected cells by 
antibody but not by T cells strongly suggested qualitative antlgenlc 
changes were taking place in the cultured cells.   Further these changes 
apparently could take place In one or two subpassages. 

In view of the differences between T cell and complement-media ted 
lysis by antibody, we attempted to determine if the differences were 
due to the antibody by using the lymphocyte antibody-dependent lysis 
test, a form of noncomplement lysis observed with normal B lymphocytes 
and specific antibody.   Antibody binds to the target cell (specific 
interaction) and B lymphocytes have a receptor for the Fc piece of the 
immunoglobulin.    This nonspecific reaction brings the lymphocyte Into 
contiguity with the target cell and results In lysis, a phenomenon not 
completely understood (Yust et^ al_, 1973).   Using this test, no lysis 
(chromium release) was obtained with the mouse ant1-LLC-MK2 cell anti- 
body using either human peripheral blood lymphocytes or mouse spleen 
cells.    Only with human peripheral blood lymphocytes and rabbit anti- 
body could lysis or chromium release be obtained.   Dengue Infected 
LLC-MK2 cells used as target cells for the lymphocytes (usually 150:i) 
were even more susceptible to lysis by the rabbit anti-cell antibody, 
an Increase from 40 percent to 70 percent.    It was of Interest that 
complement-dependent lysis by rabbit antibody was the same before and 
after Infection.   The phenomenon of decrease in susceptibility to C' 
mediated anti-cell lysis during cell subpassages, and then an increase 
following virus infection, is restricted to antibody made In the mouse 
(at the present time). 

Surfacp coat changes:   The glycocalyx or surface coat consists of 
an eplmembra^js layer of glycoprotein.   This layer If increased during 
subculture may mask membrane antigens, and possibly be decreased again 
following productive viral infection.    We took advantage of the obser- 
vation that concanavalin A binds to mannosyl residues in the surface 
coat of cells and that 125i (CON A)  Is commonly used to estimate 
surface coat material.    It can be seen in Table 22 that the amount of 
CON A bound to LLC-MK2 cells decreased by 48 hours after infection with 
dengue-2 virus as compared to the controls, and it was substantially 
decreased by 72 hours post infection.    These data indicate only that the 
surface coat material per culture dish of LLC-MK2 cells has decreased. 
Since the monolaver remained confluent, the changes observed are 
probably not due to the minimal cytopathic effects observed.    However, 
the decrease may reflect changes in the surface area of the cell or 
decrease in the thickness of the surface coat, or both.   We are 
presently examining these aspects by electron microscopy of cells with 
specific surface coat stains (e.g.truthenium red and cationized ferri- 
tin).    Again, to complete these results, we are testing for reversion to 
submaximal lysis. 
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Table 22 - Binding of ^Bj _ concanavalln A to normal and dengue-2 
infected LLC-MK2 cells 

125I CON A prep UnInfected Dengue- ? Infected cells 

24 48 72 

No. 1 

No. 2 

34,370a 

16,344 

34,469 

14,473 

26,624 

11,416 

20,826 

9,881 

Counts per minute 

We have tentatively shown that LLC-MK2 cells during suboassages 
decrease or increase in their susceptibility to lysis by anti-cell 
antibody.   When in a decreased state of susceptibility, productive 
viral  infection renders the cells susceptible to lysis again.    Their 
viral Induced lytic susceptibility is probably not due to Increased 
fragility, nor In quantitative antigenic changes, but in more subtle 
qualititative antigenic presentation, perhaps mediated by changes in 
the surface coat of the cell. 
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K.     Dengue vaccine progress 

1.     Preparation of a dengue-2 vaccine  seed pool  in 
certified primary green monkey kidney  (PGMK)  cells 

As previously described  (Annual Report,  1973),  small 
and  large plaque virus clones were  isolated from a dengue-2 human 
isolate,  PR-159.     At the  14th passage level,  these clones were  tested 
for plaque morphology,   temperature  sensitivity,  and suckling mouse 
and monkey virulence.    The  small plaque  clones,   S-l through S-8,  had 
reduced in vivo virulence while  the  large plaque clones,  L-l through 
L-5 were similar in virulence to the parent, passage 6 virus.    The 
S-l  clone was purified by  three  cycles of direct plaque  picking 
resulting in a virus pool  at passage 18.     After characterization of 
this  pool  for homogeneous  small plaque virus and low ill vivo viru- 
lence,  a large volume vaccine seed pool was prepared at  the 19th 
passage level.    The passage and cloning history for the S-l seed 
pool is listed in Table 23.    The S-l, pl9a seed pool was tested 
for adventitious bacterial and viral agents by inoculation of 
bacterial culture media,  cell cultures,  and adult and suckling mice. 
No evidence was found for the presence of any bacterial or viral 
contaminant. 

At the lAth passage level,  the small plaque clones appeared to 
contain homogeneous small plaque virus populations.    The large plaque 
clones, however, purified by the same procedures of direct plaque 
picking,  always contained small plaque virus after growth of the 
final plaque pick in PGMK cells.     This may have been due to a rapid 
reversion to a small plaque virus populations upon passage.    The 
small plaque clones also demonstrated what appeared to be reversion, 
however,  at least two passages in PGMK cells were required to see a 
detectable rise in a large plaque population.     Reversion of S-l was 
also dependent on multiplicity of infection  (MOI).    Passage of S-l 
and other small plaque clones at  a high MOI,  i.e.,  a passage using 
undiluted virus  stock as  the input  inoculum,   resulted  in a reversion 
to mixed virus populations.    After  three passages at a high MOI,   the 
resultant virus also appeared to be  similar to the parent virus  in 
that mouse virulence returned.     The  small plaque character of  the 
original stock could be maintained  by passage of diluted virus  at 
a  low MOI as shown in Table 24.     Two small plaque clones at  the  14th 
passage  level,   S-l and S-6, were  stable  for as many passages  (6)  as 
we  tested under these conditions.     In vivo stability of  the S-l 
clone was  tested after one passage  in the brains of suckling mice. 
Only virus capable of producing small plaques was recovered from 
mice  inoculated with S-l while  the parent virus-inoculated mice 
yielded progeny virus  that produced a plaque mixture. 
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Table 23.     Passage and cloning history for plaque  variants 
of dengue-2,  PR159 

Vltu»   pool«   ft»f*i—i   li 

\   «ubJInca   nf   clon»   S 

2.     Antigenic properties of the  small plaque variants 
of D-2 virus  in lower primates 

Subsequent  to  three direct plaque picks and at  the 
14th passage  level,  eight  small plaque clones were selected for 
study in lower primates.     Assays  for the  determination of viremia 
and antibody levels of these clones were performed in rhesus 
monkeys.     Consistent with the data obtained  for small plaque variants 
in earlier studies   (Annual  Report,   1973),   the eight plaque-purified 
clones,   designated Sl/pl4   through  S8/pl4,   respectively,   showed  a 
marked  reduction in virulence  (negligible  to  total absence of 
viremia)  and  high antigenicity with significant  levels  of CF,  HI 
and N antibody being produced   (Table  25).     To equate  these sero- 
logical  findings with protection,   two pairs of  rhesus monkeys which 
had received inoculations  of Sl/pl4  and  S2/pl4  respectively, were 
held 90 days and  then challenged with a subcutaneous injection of 
the wild-type parent virus  PR159/P6.     Two non-immunized monkeys were 
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IJ Table 25.  Virulence and immunogenicity of selected small-plaque 
clones of the dengue-2 virus in the rhesus monkey 

««KEY 
■0. 

OOUE 
<K>. 

mocm-UM 
pm/w. 

inR»GA at DAT POST rnocuunONipru/)«.) 
12J456789       10 30cl 

i/cr 
UM. 30d 

l/HI 
lOd 

866 
859 ao/p.u ISxlO5 

0 
0 

0 
0 

0 
0 

0     0 
0     0 

c 
0 

0 
0 

Ü 

0 
0 0 

0 
1^8 
hi 

128 
128 

160 
«0 
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80 

no 
410 

861 
8^5 32/p.U .>5il05 

0 
0 

n 
0 

0 
e 

0      0 
0     0 

0 
0 

a 
0 
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0 

0 0 
0 

128 
Lc'8 

64 
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160 

20 
640 

1420 
U40 
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aac 33/p.U 25xl05 0 

0 
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0 
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0 

0     0 
0      0 

0 
0 

0 
c 0 

111 0 
0 
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U8 

128 
.'5' 
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80 

1350 
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868 
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0      0 
0      0 
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0 

128 
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0 0 0 
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included as  controls.     Following challenge,  all monkeys were bled 
on 10 consecutive days  for the detection of viremia and at  intervals 
of 15,  30  and 60 days post-inoculation  for  the determination of CF 
and HI antibody levels.     None of  the previously  immunized monkeys 
developed  a detectable viremia,  whereas,   both  control monkeys were 
viremic  for  3 and 4 days,   respeccively.     Also,   the  absence of  a rise 
in the CF and HI tests performed on the  immunized monkeys subsequent 
to challenge,  indicated that the  Sl/pl4  and S2/pl4  clones conferred 
a solid immunity.     Results of these tests are  shown  in Table  26. 

Table 26.     Protective efficacy of selected small-plaque clones 
in rhesus monkeys  inoculated 90 days later with  the wild-type 
PR159/p.6  dengue virus 
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During the  course  of passage work with  the small plaque variants, 
it was  frequently observed that at high multiplicity of infection 
(MOI),  resulting seed pools contained both  large and small plaques 
whereas with  low MOI  harvests,  only small plaques were obtained. 
On the basis  of  this  information it was considered appropriate to 
determine if  there was  any difference in  the expression of virulence 
between the "mixed" and  the "pure" small plaque virus pools.     For 
this determination a number of rhesus monkeys were  inoculated with 
virus pools containing mixed large  and small plaque progeny and pure 
small plaque progeny,   respectively.     Although there was no significant 
variation observed  in  the serologic  response between monkeys receiving 
mixed or pure plaque progeny,  it is  clearly evident  from the viremia 
data  that  the mixed plaque populations were associated with enhanced 
virulence  (Table  27).     This observation clearly establishes  the 
necessity of passing vaccine candidate strains of virus at the  lowest 
permissible MOI in order  to maintain the attenuated virulence charac- 
teristic.     Further investigation of  this  "reversion phenomenon" is 
being made and will be  reported on later. 

Under normal conditions  the body temperatures of  rhesus monkeys 
will  fluctuate  between  37.5 and 39.8 C,  and  since  the  small plaque 
variant of PR159  virus  has shown some evidence of  temperature sensi- 
tivity,  it was  suspected  that following inoculation with the attenu- 
ated strains,  viremia levels might be abnormally suppressed at the 
elevated body  temperatures.    To test  this  hypothesis,   it was decided 
that inoculations of selected small plaque  clones be made in a primate 
whose body  temperature more closely approximated  that of man.     Chim- 
panzees were  considered  to be a suitable host since  their body temp- 
erature under normal conditions will vary only from 37.5  to 38.5 C. 
Utilizing the  PR159/P6 wild-type virus pool,  which contains both 
]arr,e  ^nd small  plaque variants,  and the  Sl/P19a pool  containing only 
siuall plaque progeny,   two pair of chimpanzees were  inoculated by the 
subcutaneous  route with each of these suspensions,   respectively. 
Each animal was  bled on  10 consecutive days  for  the  detection of 
viremia and on  days  15  and 30 post-inoculction  for antibody studies. 
The results are presented in Table 28.     It  is clearly evident from 
the data that  Sl/P19a virus is associated with reduced virulence in 
a primate host whose body temperature approximates  that of man. 
Both chimpanzees  receiving the wild-type PR159/P6 virus developed 
potent and persistent viremia of several days duration.     Significant 
levels of CF and  HI antibody were elicited  by both  the  attenuated 
and wild-type parent virus. 
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Table 27. The relative virulence and immunogenicity of mixed 
large and small plaque populations vs. a onre small plaque pool 
when inoculated into rhesus monkeys 
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Table 28.     Relative virulence and immunogenicity of a plaque- 
purified clone vs.  the wild type parent strain of dengue-2 virus 
when inoculated  in.o chimpanzees 
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3.    Evaluation of the neurovirulence of the Sl/P19a 
attenuated strain of D-2 virus in lower primates 

In collaboration with the Division of Pathology, a 
comparative study of the neurovirulence of the non-attenuated 
PR159/P6 wild-type virus and the attenuated Sl/P19a strain was made 
in rhesus monkeys. 

Two monkeys from each group of five inoculated intracerebrally 
with the attenuated Sl/P19a strain and PR159/P6 wild-type, respect- 
ively, were bled on 10 consecutive days for the determination of 
viremla,  and on the day of sacrifice  (day 19 post-Inoculation)  for 
CF and HI antibody levels.    The results are presented in Table 29. 
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From the data presented it appears that Sl/P19a virus exhibits a 
lower level of virulence than the PR159/P6 wild-type. These data 
support the following histopathological findings, wherein, those 
monkeys inoculated with the PR159/P6 wild-type virus exhibited a 
more diffuse dissemination and twice as many microscopic lesions 
as the  group  inoculated with the attenuated Sl/P19a strain. 

Table  29.     Viremia and  serological data on monkeys used in 
neurovirulence  studies 

MK           Inoculum Viremia on Day  Post-Inoc.(PFU/ml)  Day 19  Serology 
Jl (D-2  strain) 12        3        4        5       6     7-10      CF HI 

970 0    10        5         0        0      0      0         256               160 
PR159/P6 

972 0      5 135    235    300    55       0         512               320 

962 0      0        0        0        0       0      0 64 160 
Sl/P19a 

979 0      0        0        5        0      0      0 64 160 

To compare  the neurovirulence of  the attenuated  S1/P19 strain of 
dengue-2 virus with  that of  the nonattenuated parent,  PR159/P6,  twelve 
conditioned,   tuberculin-negative,  juvenile rhesus monkeys were used. 
Following anesthesia and surgical preparation,   a midline skin 
incision was made over  the  frontal  and parietal  sutures of the skull. 
After  locating  the injection site by stereotoxic methods,  a burr hole 
was made  in the  right  parietal bone.     A 22 gauge,   3-1/2  inch needle 
was  then passed  through  the hole and into the brain until the desired 
intrathalamic depth was  reached.     A volume of  0.5 ml  of  fluid was 
then injected  and the  needle  removed.     F'/e  animals  received 5 X 10(5) 
PFU of viral strain PR159/P6 in 0.5 ml of vehicle consisting of 
African Green monkey  cell  culture  fluid containing 50%  fetal bovine 
serum.     These  animals  also  received  2 X 10(5)  PFU of  strain PR159/P6 
via intrathecal injection of the  lumbar spinal  cord at  level between 
vertebrae LI and L2.     Five  other animals  received  intrathalamic 
injections with 5 X 10(3)   PFU of strain S1/P19  in 0.5 ml of vehicle. 
These also were given  2  X 10(3)  PFU of strain  S1/P19 by intrathecal 
injections at  lumbar  cord  level L1-L2.     The  remaining 2 monkeys 
served as controls and were  given intrathalamic  injections of 0.5 ml 
of vehicle alone and  intrathecal  injections of 0.2 ml of vehicle at 
lumbar  cord  level L1-L2.     Identification numbers of monkeys  receiving 
the  two strains of virus are  shown below in Table   30. 
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S1/P19 Controls 

962 967 
966 969 
968 
979 
984 

, . .^..,.   , ■fM.vm' 

Table  30.     Identification numbers of rhesus monkeys Inoculated 
with the parent strain  (PR159/P6)  and a small plaque  clone 
(S1/P19)  of dengue-2  virus 

PR159/6 

970 
972 
978 
980 
988 

j   

i 
After 19 days  of  clinical observation, with Serologie  and 

Virologie studies,   the  animals were sacrificed.     Each monkey was 
first sedated with phencyclidine HCL,  then anesthetized by  intra- 
venous injection of pentobarbital sodium.     The heart was  surgically 
exposed and a cannula  introduced into the beating left ventriclb. 
An 0.85% saline solution was  then introduced into  the ventricle 
and allowed to flow by gravity.     The vena cava was  severed  thus 
allowing the animal  to exsanguinate.    After perfusion with  300- 
500 ml of saline,  the  animal was perfused with 500-700 ml  of 10% 
neutral buffered formalin.     A complete autopsy was  performed on 
each animal.     Brains  and spinal  cords were  removed in^ toto and 
preserved in 10% neutral buffered formalin.     Representation  samples 
of  the remaining organs were  also removed and stored  for reference 
in formalin.    After formalin  fixation for 10 days,  each brain was 
sectioned  transversely    into  4-5 mm thick slides.     Following gross 
examination,  6 sections of brain were selected for histopathologic 
examination from the  following anatomic sites: 

Right and left  hemispheres at level of optic  chiasma - 
2 sections 

Right and  left  hemispheres at  level of middle  portion  of 
cerebral peduncles - 2  sections 

Pons and cerebellum at  rostral end of brachium pontis  - 
1 section 

Pons and cerebellum at  caudal end of brachium pontis  - 
1 section 

Five  sections of  spinal  cord were selected  from  the   Following 
approximate  levels:     C-4,  T-6,  T-12,  L-l,  and  I In  mme   Instances, 
because the desired  level of  cord was damaßfl   luting puni   inurtem 
removal,   sections were   taken   from  the ne«" •     Intact  poii^on.     After 
processing,   2  thin  sections were  cut   fn <.u of   the   11   blocks  of 
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brain and cord and stained with hematoxylln and eosin.     Thus,  a 
minimum of 22 sections  from each animal was examined microscopically. 
The histopathologic grading system shown below is a modification of 
that used by Nathanson et al^.,   1966. 

Grade  1 - Occasional  (usually 1 or 2)  small perivascular cuffs 
or glial nodules;  no neuronal changes. 

Grade 2 - Moderate number of  small cuffs or glial nodules; 
neuronal changes  may be  seen,  but  less  than  30%  involved. 

Grade  3 - Marked number of perivascular cuffs;  extensive 
neuronal changes. 

All  sections were  numerically  coded and   the histopathologic 
observations made without  the  investigator's prior knowledge  of  the 
treatment group to which each animal belonged.     Gross examination of 
the brains  revealed  resolving needle  tract  lesions  in  the right 
thalamus of all 12 monkeys.     There were no grossly detectable 
differences  In the  severity  .      these  induced lesions  in any of  the 
animals.     None of  the   animal-,   Uad  gross  lesions  in  their  spinal 
cords. 

None of   the   h sinus   in  either  treatment  group  or  in  the   2  con- 
trol  monkeys exceeded   Grade   1 in  severity.     In the  5 monkeys  treated 
with strain PR159/PÖ,   there were  20,  grade-1 brain  lesions   (mean of 

lesions per animal),  and  18,   grade-1 spinal cord  lesions   (mean of 
.o  per animal).     In  the 5 monkeys treated with strain  S1/P19, 

ihere were  10,  grade-1 brain lesions  (mean of 2.0 per animal),  and 
5,   grade-1 spinal cord  lesions   (mean of 1.0 per animal).     The  2 
control animals had 2  brain  lesions  (mean of 0.5 per animal)  and 
2  spinal cord lesions   (mean of  1.0 per animal). 

The microscopic  lesions  in both groups of virus-inoculated 
monkeys were more numerous and widespread  than those  in the 2  con- 
trol monkeys.    The microscopic  lesions  in those monkeys  inoculated 
with  the wild strain,   PR159/P6,  were more numerous  and widespread 
than  those  in monkeys  inoculated with  the attenuated strain  S1/P19. 
From the  results of  these histopathologic observations,  we conclude 
that  the neurovirulence of  the  attenuated strain.     S1/P19  is  clearly 
lower than  that of  the wild  strain P159/P6. 
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4.     Time of effect  of  the non-permissive  temperature 

Temperature-shift experiments were carried out  in pri- 
mary African green monkey kidney cells  to determine when the non- 
permissive  temperature  exertäd  its effect.    A concentrated virus 
preparation was needed  for experiments where high MOI's were 
required.     Concentrated  seeds usually had higher reversion  fre- 
quencies compared to  unconcentrated seeds.     Reversion  frequency  (RF) 
for a seed is defined  as  the  ratio of PFU formed at   39.5 C/?FU 
formed at  35 C,  where   39.5 C is  the non-permissive  temperature  for 
S-l  in LLC-MK-,  cells and  35  C is  the permissive  temperature.     Multi- 
plicity-depenüei;t  leakiness may account for  the  rapid  reversion of 
the  S-l clone at  a high MOI.     The  S-l,  p-19a seed was examined  for 
possible isolation of  a  subclone  that had more stable  characteristics. 
The S-l seed was inoculated at  a high dilution   (10"3)   onto PGMK cells 
contained in 96 wells  of  a Microtest   (Falcon)  cell  culture plate. 
After seven days,  each well was harvested and tested  for virus by 
plaquing in LLC-MK2   cells.     Sixteen clones were  isolated by  this 
technique.     One of  these  subclones labeled M-4  contained virus  that 
produced very small  and   faint  plaques.     The M-4  subclone,   concen- 
trated by pelleting at   30K rpm for 3 hr had a  lower  RF  (4  X lO-'*) 
than another of  the  subclones,   M-12   (lO--*-)   or  the  original  S-l  seed 
(2   X 10"3).     The M-4  subclone  will be  used  for all  high MOI 
experiments. 

In order to locate   the  temperature sensitive  defect in  the  S-l 
clone,  shifts were made  at various times during the  latent period 
from the permissive   (35  C)   to  the non-permissive   (39.5 C)  temperature 
and vice versa.     Harvests  taken at 24 hrs post inoculations were 
low in titer and the  results of  the 48 hr harvest  are  shown in 
Table 31.     Reduced virus yields  result when cultures  infected with 
S-i are kept at 39.5  C  for greater than 9 hrs.     Conversely,   those 
shifted from 35 C to  39.5 C before or at 9 hrs post  inoculation also 
show reduced virus yields.     The  temperature sensitive  event  appears 
to occur late  In the  latent period   (9-13 hr)  and may  involve  inhibi- 
tion of maturation of  dengue virions.    Although it  appears  that  the 
S-l  clone    is  an RNA+ mutant,   this must be demonstrated by  recovery 
of  infectious or  labeled  RNA from cultures held  at   the non-permissive 
temperature. 

5       Inactivation  kinetics of  the S-l  and parent viruses 

The  S-l  and  parei t  viruses were diluted   in EBSS with 
the normal concentration  of  Mg"*" and  Ca"*"1" and  also  in  EBSS  containing 
no  Mg      or Ca       cations.     Inactivation of approximately 1000  PFU of 
each virus  seed was  carried out  at  27  C or  35  C.     Controls  held  at 
4 C  indicated  that  the  GM-6 parent was unstable  at   this  temperature 
over a period of  2 hr   if   the  cations were not  present.     A loss of 

491 

IfeMHMHMHMi     —^^^---^ ■ lumim .^.J...J,l.,v^r...!    ,. ■ 



ÜPPPH I   .IllPPIIi IpqiP wmm\wm IPIIIIJl    I  " iii.niimi, 111111».■.(i.iiinjii. ^ 

Table 31.     Effects of  temperature shifts on replication of 
the S-l clone 

Shift Yield (48 hr) PFU/ml 

35 C > 39 C, 5 hr 

9 hr 

13 hr 

39 C -> 35 C, 5 hr 

9 hr 

13 hr 

17 hr 

350 

300 

1200 

2500 

1200 

350 

100 

37 to 73% of the original viral infectivity was seen for GM-6 
while S-l showed no loss of infectivity.  At 27 C, inactivation 
of the GM-6 seed was more rapid than S-l in the presence of cations 
as shown in Figure 34a.  The activation phase for S-l seen in the 
first hour of heating at 27 C was more marked at 35 C as seen in 
Figure 34b. This may be due to a deaggregation phenomenon that is 
dependent on temperature and which is characteristic for the S-l 
clone. The inactivation rate for S-l at 35 C in the second hour 
of heating after the activation phase, is actually greater than the 
inactivation rate for GM-6 over this same time period.  Thermal 
stability of the S-l clone ar measured by rate of inactivation is 
therefore less than the parent virus after an initial deaggregation 
activation phase at 35 C. 

6.  Characteristics of dengue-2 strains passaged in fetal 
rhesus lung (FRhL) cells 

Since primary African green monkey kidney cells may not 
be acceptable as a virus substrate for vaccines for peripheral 
inoculation in humans, an alternate cell line was investigated. 
The most promising substrate appears to be a diploid cell line 
derived from fetal rhesus lung tissue by Petricciani at NIH, and 
designated FRhL-2.  This cell line has been exhaustively tested and 
found free from adventitious agents, tumorigenicity and karyological 
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Figure 34.     Inactivation kinetics of S-l and GM-6  (parent) 
virus seeds:     (a)    27 C, with cations;   (b)  35 C, with cations 

abnormalities.     Attempts were made  to pass and adapt  the  S-l,  p-14 
or S-l,  p-19a virus seeds  for growth in FRhL cells.    A low yield of 
2 to 3 logs of virus was found after one passage of the p-14 or p-19a 
virus  in FRhL cells.    With  S-l,  p-14,  reversion to a mixed  large and 
small plaque population was evident after one passage as  listed in 
Table 32, while the S-l, p-19a virus was stable after one passage 
but showed reversion to a virus plaque mixture after two passages 
in FRhL cells.     Further passage of S-l,  p-19a in FRhL cells as 
listed in Table  33    yielded  a high  titer seed that had a mixed 
large and small plaque population and was not  temperature  sensitive. 
The S-l,  FRhL-4 seed also produced viremia in two monkeys  inoculated 
with it   (Table  34).     However,  when  the  first AGMK passage  of the 
PR159 strain was passed through FRhL cells four times,   and each 
harvest was delayed until  the  14th day or later  (see Work Unit  177, 
Annual Report,  1973),  we  found that  the progeny virus contained 
only small plaques,  that it was temperature  sensitive,  and that it 
produced transient viremia  in one of two monteys   (Table  11).     By 
comparison,   the parent virus produced a viremia that  reached rela- 
tively high titers and lasted for 5 days.    The observation that 
late harvest produced a small plaque-forming and temperature 
sensitive virus is currently being  repeated. 

■: 
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Table 32.  Replication of the S-l clone in FRhL cells from an 
early and late passage in PGMK cells 

Virus: S-l, p- ■14 Virus: S-l, p- ■19a 

Day Yield PFU/ml 
Plaque 
morphology Day Yield PFU/ml 

Plaque 
morphology 

2 1.3 X 102 Small 1 50 Small 

4 2.2 X 103 Mixture 3 
2 

1 X 10 Small 

6 4.5 X 102 Mixture 5 8 X 102 Small 

7 1.2 X 103 Small 

8 6 X 102 Small 

Table 33.  Passage of S-l, p-19a  seed in FRhL cells 

FRhL pass age PFU/ml 
Plaque 
morphology 

Monkey 
viremia 

Temperature 
sensitivity 

0 1 x io5 Small . + 

1 1.1 x io3 Small ND ND 

2 
4 

3 X 10 Mixture ND ND 

3 
6 

3 X 10 Mixture ND ND 

4 
6 

2 X 10 Mixture + - 
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Table 34.  Virulence and antigenicity of two strains of D-2 
virus passaged in fetal rhesus lung (diploid) cells (FRhL-2) 

«K raocm.il« VIHfXIA   IN SAY POST-IliUCirUTIOIl'ffU'W-.; ■ «T.FIX HEXA30 niHiB. 
# (DOSE) i       .       .1      ,       '.       ■       ^      J       •       I r     "-     ..'     K ,   '''       '0 <.',       'C 

■1 
HRI^- "ja-i 0      0                      •'       0 !• hl     IM 4C'      40 

. ^^ [■*lc-) 
a    o    (          o   ic 1   -     L J       -^       '. ■.'.'.     '*3 (Kl       BO 

^"f 

a, H"  FR.1 1 
-           .        ',         -. 1.'-     'J.0 40       40 

.r) 
U''.os, 

■,         4        ).       1. ■ 4C     )X 40      40 

7,  Passage of dengue-3, CH53489 in PGMK cells 

A human serum isolate of dengue-3, CH53489 from Bangkok 
was typed by neutralization tests and screened for hepatitis B 
antigen by radioimmunoassay.  Replication of this isolate in PGMK 
and other certified cells will determine the usefulness of this 
isolate as a candidate source for a dengue-3 vaccine seed.  Passage 
history of the isolate in certified (Lederle) PGMK cells is listed 
in Table 35.  From the 1st passage a virus harvest was obtained 

Table 35.  Passage history of dengue-3, CH53489, in PGMK cells 

D- ■effd SK dea th» PKL70.J   ml   ♦   m.- ph( 1«»BV 
—-— 

EffU lency of 
Und -1 15 C/morph       IV S   ( /tw;rph 

1 ws 
~ — _E. «i 5A;.. »■^, C/»   (. 

0.001 t P- .   day   10 2/i tmn WlOi^OX) I   X  10*'S 

P- ,   day   5 2/9<2aj wuiihX) 4   X   lO^/L+S   a   I! i.   X   10' /s 0 01 

P- ,   d<iy   10 i/U(28t) i/ntax) 5   X   10   M.+ S vn 

P~ .   day   5 b/l3{i9I) non-Bpeclfl< 
deaths 

t  >   10  /US 4   X   102 I>S o.on 

P- .  day   10 NU hl%\ IV.) i  X   lO**/! »S Nil 

P-i ,   dav   5 .0/1 Jl VXi 1/UI ?*) 2   X   :■)'   l*S** i   X   10' 'L*S 0.015 

p-i ,   day   10 NU NL) 7   X   10', l *S*' 
J 

; x i u /US 0.02B 

[)-] 
H-H; 

SMI'    LD5D  -   i 0/U.02   mi 1  x  ioh's -   X   10S /s 0.4 

   -   - -   ■         - ■ -     _ 
• Oearlis   K< jred   from   ,ay   10 -   2i 

M Appninlinately   if2   . and   1 I  S 
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after 10 days that contained small plaque virus. Upon passage, 
emergence of several virus populations appeared, finally resulting 
in a ratio of 50% small (1-2 mm) and 50% large (3-5 mm) plaque- 
forming virus at the 4th passage level.  The efficiency of plating 
(EOP « PFU titer at 39.5 C/PFU titer at 35 C) also increased upon 
passage along with a slight Increase in suckling mouse virulence. 
A mouse-adapted strain of dengue-3 (SMB-27, H-87) was also tested 
for plaque size, mouse virulence, and t8+ characteristics.  In 
this case the dengue-3, H-87 seed contained small plaques but had 
high suckling mouse virulence and an EOP value of 0.4.  The dengue-3, 
CH53489 strain is also being passaged in mouse brain for development 
of similar characteristics. 

8.  Clone selection from dengue-3, CH53489 seed 

The 4th passage, day 5 harvest of dengue-3, CH53489 
was prepared as a large volume seed (50 X 2 ml, 50 X 4 ml) and will 
be use«4 as the parent virus for isolation and purification of virus 
clones with suitable characteristics of attenuation.  The parent 
virus was plaqued in PGMK cells at a terminal dilution and well 
isolated plaques picked and grown in PGMK cells under fluid culture 
media.  Of 14 picks made, only three contained virus in seven day 
harvests as shown in Table 36.  One of these three, pp-6 appears 
to be ts at 39.5 C and will be purified and characterized further. 

The dengue-3 parent virus seed was also mutagenized by repli- 
cation in the presence of 5-azacytidine (5-AC) for the selection 
of chemically derived mutants.  The mutagen was tested for cyto- 
toxicity at concentrations of 25, 50, 100, and 150/ig of the drug 
per ml of cell culture maintenance media.  The 5-AC was added 
after virus adsorption and remained in the culture media until the 
day of harvest (day 4).  As listed in Table 37, 25 to 50 ;ug/ml of 
5-AC reduces the virus titer 1 to 2 logs while being minimally 
cytotoxic for the PGMK cells.  There is some evidence for selective 
inhibition of replication of large plaque virus by 5-AC.  In the 
control harvest that received no 5-AC, there existed a 31/240 
ratio of L/S plaques while the virus grown in the presence of 
25yug/ml of 5-AC had 5/280 ratio. 
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Table 36.  Dengue-3, CH53489 naturally-occurring clones at 
the passage 6 level 

Dengue-3 
clone 

PFU/ml 
35 C      39.5 C 

Plaque 
morphology 

pp-5 

pp-6 

pp-12 

1 X 104    1.5 X 103 

2.5 X 10" 

2 X 10- 1 X 10 

Small, 1-2 mm 

Small, 1-2 mm 

Small, 1-2 mm 

Table 37.  Effect of 5-azacytidine (5-AC) on the replication 
of dengue-3 virus 

Cone 5-AC 
>ug/ml 

Cell 
toxicity1 

Virus yield 
PFU/ml 

25 

50 

100 

150 

Control 

trace 

1 to 2 + 

3 + 

3 to 4 H 

0 

1 5 X 10 

1 X 

5 

0 

10 

1 X 10' 

Toxicity measured as % cell sheet destroyed. 
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L.  Japanese encephalitis (JE) virion and soluble antigens 

As previously reported (Annual Report, 1972, 1973), JE 
virions contain at least one complement fixing (CF) antigen that 
is associated with the major envelope polypeptide. This antigen 
cross reacts in CF and iramunodiffusion (ID) tests with other 
members of the JE subgroup.  The antigen can be purified by 
solubilizing JE virions with sodium Sulfate (SLS) and followed 
by gel filtration chromatography.  The major envelope antigen 
has a molecular weight (mw) of 58 X 10  daltons. 

A naturally-occurring soluble CF (SCF) antigen is found in JE 
subgroup virus-infected mouse brain homogenates rendered free of 
hemagglutinins by centrifugation.  These antigens have mw's ranging 
from 45 to 67 X 10  and show increased type specificity over crude 
antigens in CF and ID tests.  Dengue SCF antigens prepared by the 
same techniques also have increased type specificity upon puri- 
fication (Russell, Chiewsilp, and Brandt, 1970).  The antigenic, 
biophysical, and biochemical relationships of the JE SCF antigen 
to the JE major envelope antigen have been investigated.  Further 
evidence that the JE SCF antigen has common similarities with the 
dengue SCF antigens broadens understanding of the Immunologie 
response to group B arboviruses. 

Isoelectric focusing and biophysical characterization of 
the JE SCF antigen.  Further purification of the JE SCF antigen 
by isoelectric focusing (IEF) was carried out in ampholyte gradients 
ranging from pH 3 to 10 and stabilized in sucrose (0 to 70%) with 
sulfurlc acid as the cathode and ethanolamlne acting as the anode. 
The sample was loaded in the 10 to 20% sucrose layer and focused 
with a current of 850 volts.  Focusing at a controlled temperature 
of 20 C continued for approximately 48 hrs until the amperage 
dropped no 3 mllliamps.  Fractions (2 ml) were collected and the 
pH and CF antigen activity determined.  Dr. Joel Dalrymple directed 
the IEF operation. 

The JE SCF antigen from Sephadex columns and purified by IEF 
contained a major CF antigen with an isoelectric point (pi) of 
approximately 5.3 while several minor CF antigen zones were found 
at higher pH values as shown in Figure 35.  The pi 5.3 antigen 
was concentrated b> freeze drying and further characterized by 
treatment with SLS and 2-ME.  Dengue SCF antigens could be distin- 
guished from antigens of the virion and the slowly sedimenting 
hemagglutinin by this treatment (Brandt, Cardiff, and Russell, 
1970).  The JE SCF antigen was stable under these conditions, how- 
ever, JE virion CF antigens were reduced in titer 8-fold as shown 
in Table 38.  These results paralleled those obtained with 
dengue SCF antigens. 
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Figure   35.     Isoelectric   focusing of  a Sephadex-purified JE SCF 
antigen. 
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Table 38.  JE virions and JE SCF antigen treated with SLS 
and 2-ME 

Antigen Control SLS/2-MEa 

JE-SCF 16b 16 

JE virion 16 

Antigen was treated with 0.1% and 0.1% 2-ME at 35 C for 
30 min; following 18 hr dialysis against 500 volumes of 
0.01 M PBS, the antigens were titrated for CF activity; 
controls were treated with 0.01 M PBS in place of SLS 
and 2-ME. 

b 
Reciprocal of  the CF titer per 25 /ul. 

Antigenic  characterization of  the JE SCF antigen.     The 
IEF-purified JE SCF antigen also showed increased type specifi- 
city over the  Sephadex-purified SCF antigen in CF i;°sts.     In 
Figure  36 pre- and post-lEF purification indicates a  reduction 
in cross reactivity of  the JE SCF antigen with closely related 
Murray Valley and West Nile virus antibody.     The same  antigens 
in ID tests demonstrated  identical  reactions with the  formation 
of two bands of precipitation against homologous hyperimmune 
ascitic  fluid.     These  two bands, also seen in JE virion and 
envelope  ID reactions with homologous antibody   (Annual Report, 
1972,   1973)  appear to differ in cross reactivity with other 
JE subgroup viruses.     The minor band 1 closest  to  the  antigen 
well appears  to be  type  specific.     Preliminary data show that 
two immunoglobulins,  probably IgM and  IgG,  are  responsible 
for the group and  type  specific reactions  respectively.     The 
two immunoglobulins,   in different concentrations,  react with 
two determinants on  the  same antigen molecule or determinants 
located on separate molecules.     If  the determinants are on 
separate molecules,  separation techniques  so  far have not demon- 
strated  that  the  antigen preparations are heterogeneous.    The 
antigenic  relationship between JE envelope antigen and JE SCF 
antigen by  ID  test  is  shown in Figure  37.     The precipitin line 
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closest to the antibody well was continuous for both antigens, 
however, spur formation in the major precipltin band clearly 
demonstrated the presence of an additional determinant on the 
SCF antigen indicating some molecular difference between the 
envelope and SCF antigens in JE virus preparations.  The sharing 
of antigenlc determinants between these two JE antigens has not 
been demonstrated for dengue SCF antigens and dengue hemagglutinins 
(Cardiff et al., 1971). The JE SCF antigen being associated with 
a non-structural protein as is the case with dengue has not been 
clearly demonstrated and depends on further characterization of 
this antigen. 

JE MVE WNE 

UJ Ü! 8 

UJ 

32- 

D NO 
REACTPN 

Figure 36.  Block CF titrations of JE SCF and JE SCF(IEF) 
antigens against Murray Valley encephalitis (MVE) and West Nile 
encephalitis (WNE) antibody. 
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1 

Figure 37.  JE envelope and SCF antigens reacted against 
homologous antibody in an immunodiffusion test.  Normal antigens 
consisted of uninfected mouse brain prepared identically to JE 
virions and solubilized with SLS (NORM AGN (1)), and uninfected 
mouse brain prepared identically to JE SCF antigen (NORM AGN(2)). 
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M. Structural proteins of BrS-283, California encephalitis virus 

The polypeptides of BFS-283 CEV have been analyzed by poly- 
acrylamide gel electrophoresis. Six radioactive peaks were detected in 
purified virions grown in two different cell types. Five of these 
radioactive peaks contain glucosamine, two of which appear to be glyco- 
proteins in nature. When virions grown in the two different cell types 
were compared by coelectrophoresis, host dependent differences were 
detected in the electrophoretic mobility of some glycoproteins but not 
with the nonglycoprotein. This may suggest that the carbohydrate moiety 
of these proteins may be host cell specified. The molecular weights of 
the six radioactive peaks, coelectrophreesed with Sindbis virus marker 
proteins, ranged from 82,000 to 17,900, with a total molecular weight 
of 269,500. 

Treatment of virions with the non-ionic detergent, NP-40, allowed 
detection of a light sedimenting material which contained all of the 
polypeptides except the smallest, VP-1 * 17.500 dal tons. 

BFS-283 virus was originally isolated from a pool of Culex tarsalls 
mosquitoes collected in Kern County, CA in June of 1944 (Hammon and "" 
Reeves, 1952). Subsequently, it was serologlcally grouped into the 
California encephalitis virus complex (Hanrion et al_, 1952). Electron 
microscopic observations show that the virion RFs a mean diameter of 
approximately 98-100 nm, and contains an electron-dense core with 
spiked outer projections (Murphy et al_, 1968).  Recently Rosato et al_ 
(1974) reported the detection of tRree proteins of two different CIV 
complex members, including BFS-283. A detailed study of another member 
of the CEV complex (La Crosse), showed that the virion contained three 
structural proteins and a complex of six RNA species, and had a molecu- 
lar weight of 2.8 x 10° daltons (McLerran and Arlinghaus). A virus of 
this size, weight, and RNA complexity should have a greater coding capa 
city than three polypeptides with a total m.w. of 156,000 daltons. 
However, the number of nonstructural proteins specified by this virion 
has not been determined. Studies on the biochemical and biophysical 
properties of the more closely related viruses within the CEV complex, 
such as BFS-283, Snowshoe Hare, Jamestown Canyon, should aid in under- 
standing some of the basic characteristics of what seems to be a very 
complex and heterogeneous group of viruses. In this present study, we 
have analyzed the polypeptide compositions of purified BFS-283 virions 
produced IT BHK21-Clone 13 and LLC-MK2 cells. The polypeptides and 
carbohydrate moiety of the virus have been studied by using radioactive 
amino acids and sugars. 

Materials and methods 

Virus: A lyophilized BFS-283 strain of CE virus was obtained from 
ATTC (Rockville, MD) in the 24th mouse passage. Seed stock was pre- 
pared in 1-3-day-old mice; suckling mouse brain (SMB) was ground with 
a pestle in a sterile mortar and diluted 1/5 (w/v) in medium 199 with 
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5% fetal calf serum, and frozen at -70oC. 

Cells: Baby hamster kidney (BHK-21, Clone-13) cells were grown In 
32 oz stationary prescription bottles or 64 oz roller bottles, using a 
modified Eagles' basal medium (BME) with 10X tryptose phosphate broth 
and 10% heat-inactivated fetal calf serum. The LLC-MK2 cell lines were 
grown in 32 oz stationary prescription bottles or 64 oz roller bottles 
in medium 199, containing 5% heat-inactivated fetal calf serum. 

Virus assay: Plaque assays were carried out in BHK21 and LLC-MK2 
monolayers (Shapiro et al_, 1971) and hemagglutination titrations with 
0.30% goose RBCs were done as previously described (Clarke and Casals, 
1958). 

Preparation and purification of virions: To prepare purified virus 
for analysis of proteins, LLC-MK2 and BHK21 cells were inoculated with 
seed virus at a multiplicity of 1-2 pfu/cell and allowed to adsorb for 
60 minutes at 360C. Unadsorbed virus was then removed and cells were 
washed twice with Hank's balanced salt solution (HBSS), Medium con- 
sisted of one part normal reinforced medium 199 or basal medium and 
three parts of the same medium from which the metabolite to be used as 
a radioactive precursor was omitted. Eight hours after infection cells 
were labeled with 10;uCi/ml of 3H(G)-L-amino acid mixture containing 
15 amino acids (specific activity 23.6 Ci/mmol), 2-lO^Ci/ml of 3H(6)- 
p:9 glucosamine hydrochloride (Sp. Act. 7.3 Ci/mnol) 2-10>uCi/ml, 

-amino acid mixture (Sp. Act. 3.5 Ci/mmol) or S-lO^uCi/ml 
-uridine (Sp. Act. 20 Ci/mmol). Labeled amino acid mixtures 

and uridine were obtained from New England Nuclear, and glucosamine 
from Amersham/Searle. The pH was adjusted to approximately 7.3 with 
bicarbonate when necessary. Released virus was harvested 24-28 hrs 
after infection in BHK21 cells and 40-48 hours in LLC-MK2 cells. The 
virus was centrifuged at 3,000 g for 20 min to remove debris, then 
pelleted at 205,000 g for 2 hrs at 40C. The resulting pellet was 
resuspended in 1-2 ml of TSE buffer (0.01 M Tris-HCl, 0.15 M, NaCl, 
0.001 M EDTA), pH 8.2. The virus suspension was sonicated by two 1- 
minute cycles in a 10-Kc Raytheon Sonic Oscillator and purified through 
a sucrose gradient. 

Sucrose gradients: Linear sucrose gradients were prepared with 
ribonuclease-free sucrose (Schwarz/Mann) in TSE buffer, using a mixing 
chamber. Rate-zonal centrifugation was done by layering 0.5 ml virus 
suspensions on a 4.5 ml, 15-50% sucrose gradient over a 0.1 ml 70% 
sucrose cushion. The gradient was centrifuged for 45 minutes at 
205,000 g in a Spinco SW-50L rotor. Isopycnic centrifugation was 
carried out with pooled radioactive virus peaks from rate zonal runs 
ailuted to 0.5 ml, then applied to 4.5 ml 15-50% sucrose in deuterium 
oxide (D2O) and centrifuged at 205,000 g in a SW-50L rotor for 18 hrs. 
Density was determined by the direct weighing of ice-cold 20 /il samples 
of each fraction collected. 
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Polyacrylamide gel electrophoresis: Polyacrylamide gel electro- 
phoresls was done by the method of Shapiro <rt al (1971). Proteins were 
dissociated by mixing purified virions with socTTum dodecyl sulfate (SDS) 
and 2-Mercaptoethanol (2-ME), each to a final concentration of 1% and 
boiling at 100oC for 10 min.  In coelectrophoresis experiments, samples 
were mixed prior to treatment with SDS and 2-ME. Procedures employed 
in the preparation of polyacrylamide gels, electrophoresis, staining 
with coomassie blue, and counting of radioactive samples, have been 
described previously (Rosato et^ al_, 1974). 

Results 

Growth curves of BFS-283 CE virus in BHK21, and LLC-MK2 cells: 
The growth curves of BFS-283 CE virus in BHK2 and LLC-MK2 cells are 
shown in Fig. 38. Virus appeared in the medium by 14 hrs after infec- 
tion and reached maximal titers by 18-28 hrs In both cell lines. Infec- 
tion virus began to decline in BHK?! cells by the 28th hr, probably due 
to thermal inactivation of released virus and the lack of virus-pro- 
ducing cells. However, virus persisted in LLC-MK2 medium at an approxi- 
mately constant titer throughout the 120 hr test period. Maximal 
intact virions were detected at 40-48 hrs after infection in LLC-MK2 
cells, as determined by a coincident peak of radioactivity and hemagglu- 
tinating activity. Therefore, radioactlvely labeled virus was harvested 
at 24-28 hrs from BHK21 cells and at 40-48 hrs from LLC-MK2 cells. 

As seen in Fig. 39, BFS-283 virus grown in BHK21 and LLC-MK2 cells 
was recovered from sucrose gradients in a single radioactive peak con- 
taining hemagglutinating activity. Virions from the single fraction 
containing the peak radioactivity were used for PAGE. 

The proteins of BFS-283 virion: Six radioactive peaks were 
detected on electrophoretic analysis of purified BFS-283 virions grown 
in two different cell types (Figs. 40-43). Although every protein 
was not resolved as a discrete peak in Identical fashion in both cell 
types, six radioactive peaks were clearly identified when virions were 
labeled with both amino acid mixtures and glucosamine (Fig. 40). 

As seen in Fig. 41, proteins 3 and 4 are seen as low radioactive 
peaks in a rather high radioactive background when the virion is 
labeled with only an amino acid mixture, regardless of the cell line 
the virus was grown in. The electropherograms of BHK21 grown virus 
labeled with l^C-AA + 14c-glucosamine + 3H-A.A (Fig. 42), and of BHK?! 
grown virus labeled with 3H-glucosam1ne, coelectrophoresed with LLC-MK2 
grown virus labeled with 14C-AA (Fig. 43), indicate that 5 of the 6 
radioactive peaks (2-6) contain significant amounts of glucosamine. 
Glucosamine is absent from protein 1. It was frequently observed that 
the BHK grown virions labeled with glucosamine yielded higher CPMs in 
radioactive peak #5 than virions grown in LLC-MK2 (Fig. 44). 
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Fig. 38.     Growth curve of extracellular BFS-2B3 CEV In BHK21 and 
LLC-MKo cell cultures of a multiplicity of infection (MOI) 1.     Infec- 
tlvlty assays were made on LLC-MK2 monolayers. 

2 4 

Fig. 39.      Isopycnic centrifugation of radioactive BFS-283 CEV; 3H- 
amino acid labeled virus from BFS-283 infected BHK21 cells was layered 
over a 15-50% linear sucrose gradient, with a cushion of 0.1 ml 70% 
sucrose in D2O containing TNE, pH 8.2.    The gradient was centrifuged in 
a SW-50L rotor at 50 100 rpm for 18 hours; fractions were collected and 
assayed for radioactivity and hemagglutination. 
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Fig. 40. Polyacrylamide gel coelectrophoresis of BFS-283 CEV grown 
in BHK21 and LLC-MK2 cells in medium containing both radioactive amino 
acids and glucosamine. 

Fig. 41.      Polyacrylamide gel coelectrophoresis of BFS-283 CEV grown 
in BHK21 and LLC-MK2 cells.    Virions were labeled with radioactive 
amino acid mixtures. 
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Fig. 42.      Polyacrylamide gel electrophoresis of BHK21 grown virus 
labeled with 14C-AA + l^C-glucosamine, coelectrophoresed with BHK21 
grown virus labeled with 3H-AA mixture. 
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Fig. 43.      Polyacrylamide gel coelectrophoresis of BFS-283 virions 
from LLC-MK? cells labeled with '4C-amino acids and from BHKgi cells, 
labeled with 3H-glucosamine. 
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C-VIRIONS FROM  BHK-.il  CELLS 

O     H-V1KIONS FROM  LLC-MIQ CELLS 

Fig. 44.    Polyacrylamide gel coelectrophoresis of BHK21 grown BFS-283 
virus labeled with   ^C-glucosamine and LLC-MK2 grown virus labeled with 
3H-g1ucosamine. 

Fig. 45.      Isopycnic centrifugation of BFS-283 virus triply labeled 
with l^C-amino acid mixtures and l^c-glucosamine, plus 3H-uridine.   Vi- 
rus was centrifuged at 50,000 rpm in a SW-50L rotor for 18 hrs at 40C. 
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.       Identification of core protein:   Vlrlons triply labeled with 
-'H-AA,   3M-glucosam1ne and 14c-uridine were centrifuged through a 
sucrose gradient and banded at a density of 1.18 gm/cc (Fig. 45).   When 
the peak fraction of this material was treated with the nonionic deter- 
gent NP-40 (1.0% for 15 min at 40C), and rebanded on a 15-50% sucrose 
gradient, two radioactive peaks were obtained.   One was a dense uridlne 
containing material, the other a light amino acid and sugar labeled 
material  (Fig. 46).   Co-electrophoresis'of the light material with Intact 
vlrlons revealed an electrophoretic pattern which contained all of the 
popypeptides except P-l (Fig. 47).    It therefore appears that polypep- 
tide #1 may be "core" protein or nucleoprotein. 

The molecular wMjhts of the polypeptides of BFS-283 were esti-' 
mated by coelectrophoresis with Sindbis virus marker proteins.    The 
values obtained ranged from 82,000 for P6 to 17,500 for P-l.    Cumulative 
molecular weights are shown in Table 39. 

Table 39 - *Molecular weights of BFS-283 CE virion proteins.    Estimated 
by coelectrophoresis with Sindbis virus marker proteins 

Protein 

1 

2 

3 

4 

5 

6 

Estimated m. w. Range of values 

82,000 80-84,000 

54,000 53-55,000 

45,000 45-46,000 

38,000 37-39,000 

30,000 29-31,000 

17,500 16-18,000 

TOTAL 266,500 

* 
Tentative molecular weights, including radioactive peaks 3, 4 & 5 

as glycoprotein with high sugar: protein ratios 

The percentage of each protein in the virion was calculated from 
the electropherograms of BHK-grown virus labeled with amino acid mix- 
tures plus carbohydrates (Table 40). 
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Fig. 46.    Isopycnlc centrlfugatlon of BFS-283 virus In Fig. 45 fol- 
lowing treatment with NP-40 at a final concentration of 1.0*.   After 
15 minutes at 40C, the aliquot was layered onto a 15-503! sucrose 
gradient and centrlfuged In a SW-50L rotor at 50,000 rpm for 18 hrs. 

H INTACT VIRIONS    *•—"• 

C-N'P-'IO TREATED   VIRIONS 

_1 I 1 ' i ■ 
10 1 . I» jLj -lU ^ 'jü 55 hU        bS 

Fig.  47,      Coelectrophoresis of Intact BFS-283 virlons labeled with 
3H-amino acids and 3H-glucosamine and 14C-fract1ons 17 and 18 of NP-40 
treated virions shown in Fig. 46. 
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Table 40 -   Protein composltioi of BFS-283 CE vlrlons 

Protein % of virlon protein 

1 

2 

3 

4 

5 

6 

TOTAL 

22.7 

11.7 

9.7 

11.1 

15.6 

29.2 

100.0 

Tentative molecular weights, including radioactive peaks 3, 4 & 5 
as glycoprotein with high sugar: protein ratios 

Discussion 

We have found four distinct polypeptides in BFS-283 purified 
vlrlons; in addition* two radioactive peaks are found by labeling with 
glucosamine, but not with amino acids.    These peaks are tentatively 
labeled NV-4 and NV-5.   Although the previous reports (Rosato et al, 
1952; McLerran & Arlinghaus, 1973) have shown only three strucIÜräT 
proteins associated with vlrlons, close examination of some of the 
electrophoretic patterns (McLerran & Arlinghaus, 1973) suggest that at 
least five radioactive peaks may be present if minor components are 
included.    The addition of a radioactively labeled sugar, such as 
glucose of fucose may have permitted identification of the additional 
proteins since these aren't strongly labeled with amino acids. 

Three of the proteins detected in our study appear similar to 
those previously reported (McLerran & Arlinghaus, 1973).   Viral protein 
six ,VP-6) was found to be a glycoprotein with molecular weight of 
82,000 and appears similar to VP-3 described by McLerran for La Crosse 
virus, ^nd to VP-3 for the glycoprotein found by Rosato et al^, and has 
the same molecular weight of BFS-283 and Tahyna CalifornTäT vTruses. 
Viral    protein (VP-2) #2, found to be a glycoprotein of molecular 
weight 20,000, appears to be similar to the VP-2 glycoprotein described 
by Rosato et al_ (1974).   Viral protein #1(VP-1), with a molecular 
weight   of'T^SOO, was not labeled with glucosamine, but was labeled 
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v ; with uridine; thus, it Is likely the nucleoprotein, or core protean, 
of BFS-283. 

Radioactively labeled peaks 3, 4 and 5 have not previously been 
described.    VP-3 is labeled with both glucosamine and amino acids, and 
would appear to be a glycoprotein.    It appears to migrate in polyacryla- 
mide gel electrophoresis system similar to the minor components re- 
ported by McLerran (1973).   Peaks 4 and 5 cannot be identified as pro- 
teins since they did not incorporate amino acids under the conditions 
used in these experiments.   This might indicate that these peaks were 
glycolipids, rather than glycoproteins, or that they were host glyco- 
proteins translated before, but glycosylated after labeling.    Experi- 
ments are in progress to define whether radioactive peaks 3, 4 and 5 
are structural components of the virion, cellular glycoproteins 
adsorbed onto the virion, or on cellular glycoproteins migrating with 
virions throughout the procedures used for purification. 

N.    Arbovirus ecology 

1.    General introduction and background 

Investigations in the Pocomoke Cypress Swamp (PCS), MD, 
made during recent years, have established the presence of one or more 
members of the California encephalitis (CE) group viruses through 
isolations from mosquitoes.   The vast majority of the CE virus isolates 
have been from a single mosquito species, Aedes atlanticus.    This 
species is present in the swamp in large numbers only after heavy sum- 
mer rains (2-3" in 24 to 48 hrs) have flooded the depressions in the 
densely shaded upland forests where its eggs are deposited.    Previous 
collections have shown that this mosquito rapidly develops through the 
larval and pupal stages and is often the first species to appear as 
adults resulting from these summer rains.    Adults are present for a 
relatively short period, and the majority have usually disappeared 
after 3-4 weeks.    The extremely heavy rains needed to flood these 
breeding sites often occur only once a year, giving this species the 
appearance of being univoltine.   Previous studies have also shown 
adult female A. atlanticus readily feed on sentinel rabbits and a 
variety of small mammals.   They have also been shown to feed on cold- 
blooded vertebrates, especially turtles.    Birds do not appear to be a 
major blood source. 

Based on the numerous CE virus isolations made from A. atlanticus 
and known characteristics of this species, the following objectives were 
established for the 1973-74 study period.    First a method had to be 
perfected to accurately identify by CE subtype the mosquito virus iso- 
lations made previously to determine the exact strains present in the 
swamp, and then to identify by subtype the CE antibody detected from 
wild vertebrate sera collected.    Expanded serological studies of small 
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mammals and turtles were planned in attempts to detect the primary 
vertebrate hosts involved in maintenance of these viruses in nature. 
Viremia studies were planned to demonstrate the ability of selected 
vertebrate hosts to infect feeding mosquitoes through high titered vi- 
remias.    Finally, a program of weekly bleedings of sentinel rabbits 
exposed in the Pocomoke Cypress Swamp was begun.   Objectives of this 
program were to detect the onset and magnitude of virus transmission 
to sentinel animals throughout the wanner months.    Much information 
directly relating to the general question of arbovirus maintenance in 
the swamp is presented in the Department of Entomology Annual Report 
covering this same study period and should be reviewed in conjunction 
with data presented herein. 

2.    Identification of California encephalitis virus subtypes 

As previously stated, numerous virus isolations had been 
made from wild caught mosquitoes collected in the PCS during 1971. 
These isolates had been tentatively classified as members of the CE 
group, but no capabilities existed at that time to identify the CE sub- 
type.   Characterization of CE subtypes by others has shown that hemag- 
glutination inhibition tests are not useful in typing CE strains.   Most 
characterization of CE subtypes has been based on complement fixation 
tests.   Unfortunately this test is often difficult to interpret, due to 
significant cross reaction among subtypes.   Since considerable success 
was realized using the plaque reduction neutralization test (PRNT) to 
differentiate other closely related viruses, i.e., dengue subtypes, it 
was felt this test had the most promise as a routine laboratory tool 
for CE subtyping.    Initial objectives were to   a) produce specific 
antibody against each of the recognized CE subtypes,   b) determine 
whether each subtype could be readily distinguished from other CE sub- 
types using the PRNT, and   c) determine whe;her CE antibody from wild 
caught vertebrates or exposed sentinel hosts could be identified to 
subtype. 

All reference seed viruses of the various CE subtypes were obtained 
from Dr. Robert Shope, YARU, through the American Type Culture Collec- 
tion, Rockville, MD, with the exception of the LaCrosse subtype, which 
was supplied by Dr. Wayne Thompson, Univ. of Wisconsin.   Mouse hyper- 
iirmne ascitic fluid (MHAF) was made from these seeds (after one 
passage in suckling mice at WRAIR) by the Brandt method (1967).    A con- 
tinuous line of LLC-MK? cells was used for all PRNTs.    Cells were grown 
to confluency in 25 cm2 flasks at 370C.    For determining the cross 
reactivity of strains within the CE group, two-fold dilutions of each 
immune ascitic fluid were made beginning at a 1:20 dilution.    Diluted 
viruses calculated to contain 50-150 plaque-forming units (pfu) were 
added to equal amounts of immune ascitic fluid dilutions.    These were 
incubated at room temperature for 30 minutes, returned to an ice bath 
and inoculated onto confluent cell culture flasks.    Inoculated flasks 
were overlayed with Difco purified agar, incubated for 7 days at 370C, 
then stained.    Plaques were counted within 24 hours after staining and 
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a 50* reduction point was calculated by plotting the observed reduc- 
tions on problt graph paper. 

Table 41 presents results of PRNT tests with strains and hyper- 
Immune ascltlc fluid raised to CE group viruses.   Although all cells of 
this comparison are not complete, certain conclusions are possible. 
High tltered hyperimmune ascltlc fluid was produced without difficulty 
and with few exceptions readily distinguished homologous rrom heterolo- 
gous strains.   Cross reactions between La Crosse and Snowshoe Hare sub- 
types are potentially troublesome.    Even so, the value of the PRNT as 
a diagnostic tool  to differentiate CE subtypes Is clearly established. 

Results of PRNTs with selected f' 
CE subtypes thought most likely to be 
Two subtypes were found to be present 
town Canyon.   Based on these observati 
isolates were tested only against the 
subtypes of CE.    All strains recovered 
be members of the Keystone subtypes. 
A. canadensis.    One was identified as 
town Canyon subtype CE. 

e'd Isolates tested against the 
in the PCS are shown in Table 42. 
in the swamp. Keystone and James- 
ons, the remaining mosquito 
Keystone and Jamestown Canyon 
from A. atlanticus were found to 
Two strains were recovered from 

Keystone and the other as James- 

3.   California encephalitis serology in wild vertebrates 

Based on the avid feeding of A. atlanticus mosquitoes on 
turtles, reported elsewhere, and the known relationship of A. atlanti- 
cus mosquitoes with Keystone virus, the role of turtles in the main- 
tenance of CE in the swamp was considered.    Serum samples were collected 
from turtles caught In the PCS during the spring and summer of 1973. 
These sera were tested for neutralizing antibody using the PRNT against 
a representative swamp mosquito isolate of the Keystone subtype (iso- 
late # '72-1736).    Virus isolations were attempted from these sera by 
Inoculation of 0.1 ml  sera into duplicate tubes of 80-90? confluent 
BHK-21, Clone 13 cells.    Tubes were observed for 5-7 days for CPE. 
Suspect positive pools were passed a second time in cell culture and 
the harvest plagued in LLC-MK2 cells. 

No virus was isolated from the 148 turtle and snake sera collected 
in 1973, and of the 98 turtle sera tested to date, none have shown 
significant neutralizing antibody against the Keystone subtype of CE. 
Tests using the Jamestown Canyon subtype are pending.    Table 43 pre- 
sents turtle sera collected and tested to date. 

Data presented elsewhere in this Annual Report by the Department 
of Entomology clearly established that A. atlanticus mosquitoes will 
feed on turtles.    The high rate of Keystone infection of A. atlanticus 
mosquitoes implies that If turtles are infected by the Keystone subtype, 
a sample of 98 sera should contain individuals having been fed upon by 
Infected mosquitoes.    Thus, our failure to detect antibody or virus in 
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Table 42 - Results of PRNTs using selected PCS isolates as antigens 
against MHAF to local and reference strains of CE 

Antibody (MHAF) 
An+4/iAn . . . __ miuiycn 

Keystone Snowshoe 
Hare La Crosse Pool 4 ** Pool 84*** 

Keystone 1:1500 70 750 NT NT 

Snowshoe Hare 20 1550 (> 640) < 20 < 20 

La Crosse 90 940 1:7400 < 20 < 20 

Pool 4** 75 NT 150 2300 NT 

Pool 84*** 850 NT NT 20 450 

71 -560 850 40 1000 < 100 100 
71-477 1500 100 800 < 20 100 
71-577 1300 130 900 25 65 
T 73-17* 500 140 1300 30 120 

T 73-80* 920 220 1000 80 240 

T 73-83* 760 240 1000 40 180 
T 73-86* 1000 NT 800 40 200 
T 73-87* 1100 140 700 240 200 

T 73-95* 1500 65 560 35 200 
T 73-96* 1100 500 1000 50 250 
T 73-100* 800 200 900 30 90 
T 73-104* 800 100 800 40 100 
T 73-107* 900 200 800 70 200 

T 73-108* 550 200 1400 40 160 

Sentinel Rabbit 
#764 700 120 600 100 NT 

* 
T 73 series strains represent those 

A. atlanticus larvae collected in 
isolates recovered 

i 1973 
from 

** 

*** 
Local strain of Jamestown Canyon 

Local strain of Keystone 
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Table 43 - Poikilothermic vertebrate sera collected and tested for virus 
and N antibody to CE from the Pocotnoke Cypress Swamp, Mary- 
land. 1973 

local Virus     / !     / 
Species M^IV^A     recovered/ N ab+   / collected /# tested / 

Painted turtle 91 

Mud turtle 19 

Snapping turtle 21 

Box turtle 3 

Musk turtle 8 

Other turtles 3 

Black & white 2 
kingsnake 

Black rat snake 1 

0/91 0/61 

0/19 0/0 

0/21 0/0 

0/3 0/3 

0/8 0/3 

0/3 0/3 

0/2 0/0 

0/1 0/0 

TOTAL 148 0/148 0/70 

this sample of sera suggests that turtles may not be susceptible to 
infection with the Keystone strain of CE.    Experimental  infection of 
turtles with CE is planned in an attempt to demonstrate this hypothesis, 

As in previous years, deer sera were collected at the Snow Hill, 
Maryland deer check station (about 15 km from the swamp) during hunting 
season (24 Nov to 2 Dec 73).    These samples were collected from deer 
carcasses at the time of weighing by aspirating free blood from the 
gutted carcass using a 5 or 10 cc syringe without a needle.    Samples 
were allowed to clot at room temperature and the serum separated by 
centrifugation and then stored frozen until assayed for antibody.    No 
virus isolations were attempted. 

Table 44 represents the results of 121 deer sera tested against 
both the Jamestown Canyon and Keystone subtypes of CE.    Of these 121 
sera, 28 reduced Jamestown Canyon by greater than 80%, but did not 
reduce the Keystone subtype appreciably, while only 2 reduced Keystone 
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Table 44 - Results of PRNTs, using deer sera collected during 1973 

hunting season and testoa at 1:10 dilution against local 
strains of Keystone and Jamestown Canyon CE; N = 121 

Jamestown 
Canyon 

Keystone 

> 80« 50-79% No 
reduction 

> 80« 22 19 28 

50-79« 1 5 8 

No reduction 2 7 29 

Keystone by greater than 80% while not reducing the Jamestown Canyon 
subtype. An additional 29 sera did not reduce either subtype substan- 
tially. Twenty-two sera reduced both the Jamestown Canyon and Keystone 
subtypes by greater than 80%, but in most instances the reduction was 
greatest against the Jamestown Canyon subtype. 

These data clearly establish the involvement of deer with a CE 
group virus and suggest more frequent infection by Jamestown Canyon sub- 
type rather than Keystone on the Del Mar Va Peninsula. These results 
also emphasize the importance of assaying for all known subtypes of CE 
present in an area when attempting to establish an accurate antibody 
prevalence estimate. This association of Jamestown Canyon virus with 
deer is not surprising since a) all Jamestown Canyon strains recovered 
from the swamp have been from A. canadensis mosquitoes, b) A. cana- 
densis have previously been shown to feed avidly on deer, and c) deer 
have been implicated as a primary vertebrate host for Jamestown Canyon 
virus elsewhere (Issel et^ aj[, 1972). 

4. Viremia studies 

In order to define vertebrate species capable of acting as 
amplyfying hosts of CE virus in nature, selected potential vertebrate 
hosts were experimentally infected with a local Keystone strain of CEV 
and the resulting viremia monitored. 

Initially, a laboratory model was needed to establish valid experi- 
mental techniques. For this purpose young (6-10 week) hamsters were 
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prebled to eliminate those with existing CE antibodies, then inoculated 
with 0.5 ml of varying dilutions of virus.   A local isolate of Keystone 
subtype CE was used in all experiments (Isolate #172-1735, TC-2, Iso- 
lated from A. atlanticus and passaged twice in BHK21    cells). 

Three groups of five hamsters each were inoculated subcutaneously 
(s.c.) with 155 pfu, 1550 pfu and 12,400 pfu, respectively.    Hamsters 
were bled via cardiac puncture at 24, 48, 72 and 96 hours post inocula- 
tion, 0.1 ml of whole blood being diluted directly into 0.9 ml LLC-MK2 
growth media (Medium 199 with 20% FBS, P & S).    Blood samples were then 
assayed for virus by direct plaguing of diluted blood on confluent 
monolayers of LLC-MK2 cells grown in flasks.   Samples producing more 
plaques than could be accurately counted were titrated in subsequent 
plaque assays. 

Table 45 presents results of these hamster viremia studies.   With 
the exception of a single individual in the first group, all hamsters 
developed viremia.    While the magnitude of each individual's viremia 
was generally comparable, it appears that the onset of viremia was 
directly related to the amount of virus inoculated, i.e., the greater 
the virus inoculum, thi» more rapid the onset of viremia. 

Based on these stuiii«>c it was assumed that the techniques used 
would   a) adequately infect susceptible hosts, and   b) detect circula- 
ting virus from viremic hosts.    Wild caught raccoons from Assateague 
Island, Virginia were then infected with the same local isolate of 
Keystone CE   as used in the hamster studies.    Four raccoons were Inocu- 
lated s. c. with 1 ml containing approximately 4.5 x 10^ pfu.    A fifth 
raccoon was Inoculated s. c. with approximately 2.25 x 105 pfu in 0.5 ml. 
All raccoons were prebled for detection of existing CE antibodies by 
cardiac puncture before exposure; however, the actual testing for anti- 
body was not done until  the viremia study was completed. 

An additional four raccoons and a single opossum were inoculated 
with approximately 670 pfu of Jamestown Canyon subtype CE (local Isolate 
'71-4, Isolated from A. canadensis. SM-4, TC-1, and passed 4 times in 
suckling mice and once in BHK21    cell cultures),   Prebleeds were taken 
as described above. 

All animals were then bled via cardiac puncture at 24, 48, 72 and 
96 hrs post inoculation.    Approximately 2.0 ml was taken at each 
bleeding, of which 0.2 ml was diluted Immediately in 1.8 ml  LLC growth 
medium and frozen.    The remaining blood was allowed to clot at room 
temperature, separated by centrifugation, and the sera stored at -70oC. 

Daily bleedings were assayed for circulating virus (by the direct 
plaque technique) as described for the hamster experiment.    Results of 
these tests are shown in Table 46.   Results of screening tests for 
neutralizing antibody are also presented In the table, as are the 
results of PRNTs   to detect antibody at four days post inoculation (p.i.) 
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Table 45 - Vlremia resulting from experimental Infections of hamsters 
with various amounts of Keystone subtype CE (PCS Isolate 
72-1736) 

Ham- Total 
Inoculation 

Vlremia (pfu/1.0 ml) on days p.i. 
ster 1 2 3 4 

I-P 155 pfu 0 0 0 0 
I-LR ii 0 60 4.3-5.0 x 104 1.2-1.5 x 105 

I-RR ii 0 5 5.5 x 10^ DEAD 

I-LF M 0 0 35 1.6-2.0 x 105 

I-RF H 0 25 6.0-6.5 x 104 1.0-2.0 x 105 

2-P 1550 pfu 0 0 5 2.2 x 105 

2-LR H 0 40 3.0-4.5 x 105 2.0 x 105 

2-RR H 0 5 3.6-5.0 x 104 7.1-9.0 x 105 

2-LF II 0 5 1.3-2.0 x 104 0.7-1.0 x 105 

2-RF H 0 0 5.6 x 102 4.0-5.5 x 104 

3-P 12400 pfu 5 1.1 x 103 2.4-2.5 x 105 0 

3-LR H 0 570 3.1-6.5 x 105 280 

3-RR II 15 DEAD DEAD DEAD 

3-LF II 0 215 69E 50 

3-RF II 30 N. S. 6.5 x 105 0 

M.S. = not sampled 

Unfortunately all raccoons died with severe diarrhea between day 4 and 
day 7 p.i., so that subsequent bleedings for sero-converslons could not 
be accomplished. Whether or not fatality was caused by the CE virus 
strains was not determined. The single opossum was bled on day 10 and 
did have detectable antibody to Jamestown Canyon. It was not tested 
against the Keystone subtype. 

If vlremia does occur in raccoons, apparently the time from 
exposure to onset of vlremia must be longer than that in hamsters. In 
this experiment only two raccoons showed any virus during the Immediate 
\ days post infection, and both in low titer. Obviously subsequent 
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Table 46 - Results of experimental exposure of wild-caught raccoons 
from Assateague Island, VA to local strains of Keystone and 
Jamestown Canyon subtypes of CE 

Pre- 
existing 

Raccoon N Ab* 
number   

K JC 

Viremia 

Inoculum Days p. i 

N Ab 

Day 4 p.1 

JC 

K-NM 

K-LF 

K-RF 

K-LR 

K-RR 

+ 

+ 

4-LF 

4-RF 

4-LR 

4-RR 

Opossum - 

Keystone 
2,25 x 105 pfu 

+  4.5 x 105 pfu 

Jamestown Canyon 

670 pfu 

.10 pfu/ 
1.0 ml 

5 pfu 

902 reduction against JC in day 10 p. i. serum 

> 80% reduction in number of plaques formed by a 1:10 serum dilu- 
tion. 

< 50% reduction in number of plaques formed by a 1:10 serum dilu- 
tion 

- 50-79% reduction in number of plaques formed by a 1:10 serum dilu- 
tion. 

experiments should monitor for viremia at least through day 7 p. i. 
Unfortunately, little else can be concluded regarding the onset or 
duration of viremia. Additional experiments are planned to clarify the 
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role of raccoons in the maintenance of CE in the swamp. 

Before isolation and serology was begun on the infected raccoon, 
11 gray squirrels were collected from the Shad Landing State Park at 
Snow Hill, Maryland, prebled for antibody titers and inoculated with 
Keystone and Jamestown Canyon CE (same seed viruses as in previous 
experiments), and inoculated s.c. as in previous experiments. Daily 
samples of whole blood were diluted as described earlier, but no 
serum samples were taken. Firal bleeds for antibody conversions were 
done on day 10 p.i. 

Results of these experimental infections are shown in Table 47. 
At least one squirrel (#82) produced a high titered viremia. Several 
other squirrels produced what appeared to be viremia; however, those 
showing 5 pfu/ml must be viewed with caution, since this figure repre- 
sents a single plaque on only one of two flasks exposed. 

With the exception of #29, which escaped before its final bleeding, 
and #87, animals without pre-existing CE antibody responded serologi- 
cally to the virus inoculated; 4/5 adequately tested developed N Ab to 
the heterologous strains. 

The low titered inoculum given to those squirrels exposed to 
Jamestown Canyon was not intended. With the 50 pfu inoculum, the 3 
squirrels lacking N Ab did respond serologically, suggesting a low 
threshhold of infection. Further, the viremia detected in #34 may 
have been sufficient to infect feeding mosquitoes. 

Again, it was unfortunate that the daily bleedings were not 
extended past day 4 p.i.  Future experiments are planned to sample 
for viremia at least through day 10. 

5. Sentinel rabbit program 

A program of periodic bleedings from sentinel rabbits 
exposed in the swamp was begun in early May and continued through mid 
October 1973. The objectives of this program were to determine the 
onset, magnitude and ecological distribution of CE virus transmission 
within the various habitats of the swamp. Laboratory rabbits were 
prebled to detect pre-existing CE antibody, then exposed in the swamp 
in wire mesh cages approximately 1 to 1.5 M above ground. Exposure 
sites were established in three basic habitats within the swamp (site 
designations refer to Saugstad et^ a]_, 1972); closed rootmat swamp 
(four separate sites at site 7 and one at site 3), upland forest (three 
sites near site 10 and two at site 11), and transitional areas be- 
tween the swamp proper and the upland forests (near site 15, site 12 
and at the bus). Two rabbits were exposed at each site for a maximum 
total of 26 rabbits exposed at any given time. Most rabbits were re- 
placed at least once during the summer. 
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Rabbits were bled via cardiac puncture at weekly intervals begin- 
ning on 15 May and continuing through 12 October 1973. No samples were 
taken during the two weeks between 12 September and 4 October. Blood 
samples were allowed to clot at room temperature, then separated by 
centrifugation. Serum samples were stored at -70oC, pending assay. 

Neutralizing antibody was detected by PRNT using local isolates of 
Keystone (Isolate # '72-1736) and Jamestown Canyon (Isolate # '71-4), 
and tested against 1:10 serum dilutions. Each initial bleeding showing 
seroconversion was titrated to determine the specific CE strain causing 
infection. Results of these conversions and titrations are provided in 
Tables 48 and 49, respectively. The cululative total of seroconver- 
sions by date of onset is presented in Fig. 48. 

100% r 

« > c 
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o 

XI 
o 
n 
c 
< 
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E 
o 

SEPT   OCT 

No BlMdi Mode 

Fig. 48. Acquisition of N antibody against Keystone virus by senti- 
nel rabbits exposed in the Pocomoke Cypress Swamp, MD, Hay through 
October, 1973. Total conversions = 20. Arrow indicates date at which 
larval A. atlanticus mosquitoes were collected from which Keystone 
virus was subsequently recovered. 
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Table 48 - Onset of seroconversion 
Pocomoke Cypress Swamp, 
determined by PRNT 

in sentinel re 
Maryland, May 

ibbits exposed in the 
to October, 1973, as 

Sentinel      Conversion 
rabbit        date 

Exposure 
site Habitat 

84         21 June 12 Swamp/forest 

286         17 July 7 Swamp 

440         31 July 7 Swamp 

777         12 Sept 10 Forest 

274         12 Sept 10 Forest 

772         12 Sept 10 Forest 

760         12 Sept near 15 Swamp/forest 

784         12 Sept near 15 Swamp/forest 

81         12 Sept bus Swamp/forest 

69         12 Sept bus Swamp/forest 

587A         12 Sept 12 Swamp/forest 

587B         12 Sept 7 Swamp 

612         12 Sept 7 Swamp 

615         12 Sept 3 Swamp 

598         12 Sept 3 Swamp 

316         04 Oct 11 Forest 

594         04 Oct 11 Forest 

614         04 Oct 12 Swamo/Forest 

436**        04 Oct 7 Swamp 

345         04 Oct 7 Swamp 

** 
Site designations refer to Saugstad et^ al_, 1972 

Moved from site 10 

All rabbits that converted serologically in the swamp, and those 
which expired during their exposure, were assayed for circulating virus. 
Only a single virus strain was recovered, that from rabbit #764 exposed 
at Slab Road 4 on September 1973.    This rabbit expired before we detected 
CE antibody.    Characterization of this strain is presented in Table 42. 
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Table 49 - Identification of strain-specific N. antibody to CE in sera 
of sentinel rabbits exposed in the Pocomoke Cypress Swamp, 
Maryland, October 1973; sera tested represent earliest N. 
antibody positive samples taken 

Sentinel 
rabbit 

Keystone 
(local isolate 

72-1736) 

Jamestown Canyon 
(local isolate 

•71-4) 

84 200 10 

268 NO* 20 

440 470 100 

777 75 < 10 

274 260 30 

772 NO 140 

760 NO < 10 

784 270 10 

81 310 30 

69 240 100 

587A 220 < 10 

587 B NO ^200 

612 320 100 

615 200 100 

598 95 20 

316 NO 70 

594 340 50 

614 180 70 

436 ND ND 

345 250 < 10 

ND = not done 
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The earliest conversion was 21 June, and only two other conversions 
occurred before 12 September. Of 20 susceptible rabbits exposed from 
29 August to 12 September, 10 converted serologically between the 5 and 
12 September bleedings. Heavy summer rains fell during the week of 21 
August, and adult Aedes atlanticus mosquitoes first appeared in large 
numbers in the swamp between the 30th of August and 1 September. This 
mosquito species has previously been shown to emerge infected with the 
Keystone subtype of CE (Department of Entomology Annual Report). The 
strong correlation between the emergence of A. atlanticus mosquitoes 
and seroconversions of sentinel rabbits suggests that transovarially 
infected A. atlanticus are capable of transmitting Keystone virus at 
their first blood feeding. Further, the low level of virus transmission 
detected previous to the emergence of A. atlanticus implies that transo- 
varial transmission is an important means of Keystone virus maintenance 
in the swamp. The conversion of several rabbits exposed in different 
ecological habitats within the swamp simultaneously suggests that the 
distribution of A. atlanticus is widespread throughout the greater 
swamp, and that transovarially infected mosquitoes are probably emerging 
from several different breeding sites. This is based on t.-» suggested 
short flight range of A, atlanticus presented elsewhere (Dept of Ento- 
mology Anneal Report). The number of seroconversions seen suggests that 
transovarial transmission of Keystone strain CE in A. atlanticus 
mosquitoes may be common. 

Ten sentinel rabbits were exposed at five separate sites in Fort 
George Meade, Maryland and periodically bled via cardiac puncture 
during the period 9 May through 25 July, 1973. Exposure sites sampled 
habitats containing permanent water, hardwood forests, floodwater pools 
and stagnant ponds. Routine adult mosquito collections were made by 
personnel from the Entomology Section, Army Area Laboratory, Fort Meade, 
Maryland and results of these collections can be found in their annual 
report. No virus isolations were attempted from these mosquitoes. 
This pilot program was an attempt to detect transmission of CE virus at 
Fort Meade. Rabbit sera were tested against swamp isolates of both 
Keystone and Jamestown Canyon subtypes of CE by PRNT. Results detected 
no neutralizing antibody in any of the rabbits exposed against either 
of the CE subtypes tested. Unfortunately this project was terminated 
in late July due to difficulties in maintaining the rabbits in the 
field; consequently virus transmission in late summer could not be 
detected. 
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II. RESPIRATOKY VIRUSES 

A. Influenza Virus 

1. Neuraminidase assay - Myxoviruses have two major surface 
antigens; hemagglutinin (HA) and neuraminidase (NA). These antigens 
are on different proteins and vary independently with different strains 
of virus. Although antibody to NA does not neutralize influenza virus, 
it has been shown to protect against disease by reducing transmission 
of virus from cell to cell in vivo. Since evaluation of the potential 
pathcgenicity of a novel influenza strain or of protective efficacy of 
influenza vaccine requires knowledge of the antigenicity of both envel- 
ope proteins and antibody induced to both proteins, a test for influ- 
enza NA activity has been introduced. 50 ul of virus solution is 
mixed with 50 ul of 0.2 M Tris-maleate-NaOH buffer, pH 5.9, containing 
8 x 10'3 M CaCl. Then 100 ul of a 24 mg/ml solution of fetuin (Grand 
Island Biological Company) in water is added. The mixture is immedia- 
tely stirred and placed at 370C for 30 min. The reaction is stopped 
by addition of 0.1 ml of Warren's periodate reagent (Warren, 1959). 
Released neuraminic acid (NANA) is measured by the method of Warren 
as modified by Aminoff (Aminoff, 1961). A standard of 50 ul of a 100 
ug/ml solution of pure NANA will give an optical density (0D) of 0.19 
to 0.22 at 549 nm in this test. One unit of NA is defined as that 
amount required to yield sufficient NANA to produce an 0D of 0.1 in 30 
min. A preparation of virus with an HA titer of 1:1280 should contain 
approximately 50 units of NA in 1 ml. The concentration of fetuin 
must be adjusted so that straight line kinetics are obtained for the 
30 minute incubation period. New lots of fetuin must be tested to 
assure adequate substrate concentration in this assay. 

For the anti-NA assay, twofold dilutions of antiserum in 0.05 ml 
of buffer are mixed with 4-6 N-ase units of virus in 0.05 ml and incu- 
bated at room temperature for 30 min. 100 ul of fetuin is added and 
the standard NA assay carried out. Titers are expressed as the initial 
serum dilution giving 50% inhibition of enzyme. 

2. Role of the Viral Carbohydrate - The surface proteins of 
all enveloped viruses thus far investigated contained covalently bound 
carbohydrate. The carbohydrate moiety of many serum glycoproteins 
has been shown to be responsible for the binding of these molecules to 
certain cells. A study has therefore been undertaken to determine if 
the carbohydrate moieties on the surface of myxoviruses have a biologi- 
cal role. 

For these studies, the WSN strain of influenza virus and its host 
MDBK cells were obtained from Dr. R. Compans at the Rockefeller Univer- 
sity. The virus was grown in plastic flasks, radiolabelled with ^H and 
14c amino acids and purified according to the methods of the Rockefeller 
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group (Choppin, 1969 and Compans et al., 1970). 

Ar attempt to produce radiolabelled, carbohydrate free virus was 
made using the inhibiter of glycosylation, (glucosamine,  Courtney et 
al., 1973).    MDBK cells were inoculated at an MOI of 1-10 pfu/cell. 
After 60 minutes at 37°C the inoculum was removed and the cell sheet 
washed twice with balanced salt solution.    The cells were fed with 10 
ml of ths standard reinforced Eagles Medium which was modified to 
include half the usual  amino acid concentration, no calf serum (to 
prevent cleavage of HAG to HA1 and HA2), only 1  g/L glucose (to reduce 
competition with glucosamine), 1% glucosamine, 20 u Ci/ml 3H amino a- 
cids and extra bicarbonate to achieve a pH of approximately 7. 

At 48 hours after infection the control without glucosamine show- 
ed 4+ cytopathic effect  (CEP) and a 1:160 HA titer.    Glucosamine con- 
taining flasks showed a 3+ CPE and an HA titer of 1:10.    The media 
was removed from the cells, and the presumptive carbohydrate free 
virus concentrated by centrifugation at 52,000 x g for 1  hr onto a 
60% potassium tartrate cushion.    Through purification by two tartrate 
gradient centrifugations, virus from glucosamine treated cells was 
noted to band in the same location as normal virus.    Fractions of 
purified virus from glucosamine tested cells had an HA titer of only 
1:10 and no detectable NA activity compared to HA titer of 1:1280 and 
NA titer of 49.2 u/ml of control virus. 

Studies are proceeding to characterize further this defective 
virus.    The relatively pure carbohydrate free virions can be used as a 
starting material  to purify carbohydrate free hemagglutinin and 
N-ase molecules.    Peptide mapping and amino acid analysis are planned 
to determine whether defective virions differ from biologically active 
molecules only in their lack of carbohydrate. 

3.    Effect of trypsin on viral  growth.    The recent report of 
Tobita and Kilbourne (1974) noted that growth of influenza B viruses 
in chicken embryo fibroblast (CEF) cells was markedly enhanced by the 
presence of a low concentration of L-l-tosylamide-2-phenylethyl- 
chloromethyl   ketone-treated trypsin (obtained from Worthington Company) 
in the media.    Since this phenomenon might be of use in the adaption 
of new influenza isolates for vaccine production, a systematic study 
of this phenomenon has begun.    Preliminary studies have indicated that 
trypsin (obtained from Grand Island Biological  Company) does not per- 
mit growth of influenza A Port Chalmers/1/73 and B Hong Kong/5/72 in 
the continous diploid WI-38 and HR-6 cell  lines.    Studies are being 
directed at reproducing and determining the mechanism of action of 
trypsin on virus growth in CEF cells.    The effects of other proteo- 
lytic enzymes on the growth of influenza virus in various cells will 
also be tested. 
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4, Immune Cytolysis as a Tool for Studying Virus Entry. 
For some years, a controversy has occured between groups who believe 
nyxoviruses enter cells by pinocytosis and those who believe cell 
entry occurs by fusion of viral and cellular envelopes. Immune cyto- 
lysis may provide a definitive answer to this question. If virus 
enters by fusion with the cellular membrane the envelope of the virus 
should be incorporated into the cellular membrane shortly after viral 
penetration. This might make the cell susceptible to immune cytolysis 
by anti-viral antibody and complement within one hour after infection. 
If virus enters by pinocytosis, the cells should not be susceptible 
to irnnune cytolysis shortly after infection. Preliminary studies have 
shown that 51 Cr labelled BHK-21 cells infected with a high MOI of 
A/England/42/72 are susceptible to lysis by antiviral antibody and 
complement at 24 hours post infection when maturing virus buds through 
the cell membrane. Experiments are proceeding to determine if immune 
cytolysis will occur within one hour after viral infection. Necessary 
controls will include studies on Sendai virus grown in eggs (which 
attaches to cells but can not infect them due to a nonfunctional fusion 
component), and adenovirus (which probably does not enter by fusion) 
(Dales. 1973). 

5. Liposome binding experiments - A project was undertaken 
with LTC John Mooney, Department of Exp. Path, to determine if influ- 
enza virus bound to various kinds of liposomes. These experiments 
would determine whether influenza virus used additional receptors 
besides the NANA containing glycoprotein described by other?. 

WSN influenza virus was grown, radiolabelled, purified and tested 
for binding to liposomes consisting of the neutral lipid fraction of 
sheep red blood cells obtained by published methods (Mooney et al., 
1974). 

Significant binding did not occur although the virus did aggluti- 
nate sheep red cells. Experiments are proceeding using human neutral 
lipids and glycolipids. 

6. Tests for Cap tr  it ion - When flourescent antibody 
directed towards lymnhov.vti    nbroblasts is added to these cells 
at 40C and the tplU waniHM 10 J/JC, the antibody and antigen migrate 
in the fluid membrane to one  portion of the cell to form a "cap" 
(Eddidin el al., 1972). The possibility that viral infected cells may 
cap on addilion of antibody directed towards the budding virus was 
considered. If cap formation did occur, it might be a mechanism by 
which antibodies to HA or N-ase inhibit viral release (Dowdle et al., 
1974). Cap formation is also of interest since it may make virus 
infected cells more or less susceptible to immune cytolysis. Mono- 
layers of BHK-21, primary monkey kidney cells, CEF cells, HR-6 diploid 
human fibroblasts and WI-38 diploid human fibroblasts were infected 
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with A/Port Chalmers/1/73 virus.    Twenty four hours later, when 
hemadsorption was 4+ the cells were washed and dispersed with 0.25% 
trypsin containing 1:5000 versene.    The cells were centrifuged at 
180xg for 15 min and resuspended in 0.8 ml of ice cold Ca++ and Mg++ 
free phosphate buffered saline (PBS) with 0.8 ml of ice cold dilutions 
of human anti A/Port Chalmers serum in 0.8 ml of Ca++ and Mg++ free 
medium 199.    Th? tubes were incubated at 40C or 370C for 1/2 hour. 
The cells were washed twice in ice cold or room temperature PBS and 
resuspended in 50 ul of undiluted flourescent goat antihuman Ig G 
serum with 50 ul of PBS and 100 ul of Ca++ and Mg++ free medium 199 to 
determine if the anti-viral  serum alone caused capping.    After 30 
minutes at 370C or 40C the cells were washed 3 times in PBS at 40C or 
room temperature and resuspended in ice cold Eagles medium.    The cells 
were either fixed immediately in an equal volume of 2.5% paraformalde- 
hyde and 0.1 M sucrose, pH 7.3, or incubated at 370C for various 
lengths of time and then fixed.    Staining with neutral  red showed most 
cells were living.    Appropriate controls were included.    Only about 
1% to S% cf the flourescence stained cells showed caps; the remainder 
of the cells showed "ring flourescence".    No increase in capping was 
obtained by varing incubation temperatures or duration of incubation. 

7.    Influenza virus isolation and identification - During 
Jan - Feb 1974, scattered outbreaks of febrile respiratory disease 
occun ed in schools and families in the Washington Metropolitian Area- 
Influenza B isolates along the Eastern Seaboard, among other areas, 
were reported by CDC.    From Jan - Mar 74, 21  Throat wash specimens 
from patients with acute respiratory tract infections were recieved by 
the Department of Virus Diseases and inoculated into embryomated eggs 
and/or primary Rhesus monkey kidney cell monolayers.    Four isolates 
were obtained; three were Influenza A strains similar to A/Port Chal- 
mers/73 and one an Influenza B strain similar to B/HongKong/5/72. 

In May 1974, strains were received from the Department of Virology 
US Army Medical  Component, SEAT0.    These viruses were isolated in 
embryonated eggs from throat washings obtained from Karen hill tribe 
villagers residing near Mac Saeriang, Thailand during a March 1974 
epidemic of Influenza.    One strain from each 3 villagers, f^feeTia, Huay 
Makfai, and Mai La Ngui, were tested and found to be similar to A/Port 
Chalmers/73.    Our identification of these strains was verified by the 
WHO International   Influenza Center for the Americas of the CDC in 
Atlanta which was informed of both Washington DC and Thailand out- 
breaks and strains shortly after isolation and identification of 
strains as Influenza viruses. 

B.    Adenovirus surveillance program, Jul  73 - M^y 74 

Fiscal year 1974 was distinguished by the lowest ARD rates 
encountered in basic combat trainees  (BCTS) during the history of the 
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adenovirus surveillance program. This was due to administration of 
potent adenovirus vaccines throughout the year. In previous years, 
Wyeth Laboratories had experienced problems with vaccine virus stabil- 
ity due to inadequate evaporation of solvent in the process of coating 
tablets with enteric coating. Although some instability was noted in 
titer of the ADV-7 vaccine {Lot 5302) used until Feb 74 (These tablets 
lost 2 logiQ in titer within one month of manufacture but thereafter 
titered 3.7 logio). the titer remaining was adequate for control of 
type 7 disease. The initial type 4 tablet (Lot 4902) and the vaccines 
recieved in Jan 74 and used in the last half of the fiscal year were 
stable and high titered (Type 4 Lot 5501, 5.2 logio Tcidso and Type 7 
Lot 5303, 6.3 log^ Tcid5o). 

The following reports include adenovirus surveillance program 
data from 1 Jul 73 • 1 May 74. 

FORT DIX: Adenovirus vaccines were used in BCTS from 1 Sep 73 - 
1 May 74. Median ARD rates by month were below 1.5/100 men/week except 
for March when a peak of 2.1 was noted (An adenovirus was not isolated 
from Fort Dix BCTS in March). Of the 352 trainees sampled from 1 Sep - 
1 May, adenoviruses were isolated from only 10 (3%); these included 
8 type 7 and 2 type 4 viruses. 

FORT JACKSON: Vaccines were given from 1 Oct 73 - 1 May 74. ARD 
rates were below 1.0 except for Feb - Mar 74 when they were 1.1. 
From 1 Oct 73 to 1 May 74, only 2 of 151 BCTS sampled (l%)had adeno- 
virus isolates (Type 7). 

FORT KN0X: Adenovirus Type 4 and 7 vaccines were given from 
I Jan - 1 May 74. Prior to vaccine administration, a median weekly 
rate of 1.5 occurred at Ft. Knox in December 1973. During that month, 
39 of the 111 BCTS sampled (35%) had adenovirus in throat swabs; 37 
of the isolates were adenovirus type 7 with one isolate each type 3 
and type 4. The median rate in Jan 74 (the first month of vaccine 
administration) was 1.2 with a 24% adenovirus Type 7 isolation rate. 
Thereafter median weekly median and rate by month was less than 1.0 and 
only 9 of 281 BCTS sampled (3%) yielded adenoviruses. 

FORT ORD: Adenovirus vaccines were administered to BCTS through- 
out the year. The median ARD rate was 1.5 or below except for a rate 
of 2.3 in Jan 74 coincident with Influenza B. From 1 Jul 73 - 1 May 74, 
19 of 453 BCTS (4%) sampled had aaenovirus isolated from throat swabs; 
II isolates were type 4 and 8 type 7. 

FORT POLK: As usual. Fort Polk had little adenovirus ARD from 
Jul - Dec 73 even through adenovirus vaccines were not administered. 
With vaccines used from 1 Jan - 1 May 74, ARD rates were less than 1.5 
and only one adenovirus was isolated from the 73 trainees sampled (1%). 
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FORT WOOD:    Vaccines were administered from 1  Oct 73 - 30 Jun 74. 
Ft. Wood had ARD rates between 2.6 - 3.0 from Jan - Apr 74.    In Jan - 
Feb, much of the ARD was Influenza B documented by viral  isolation and 
serology.    Adenovirus isolation rates during the 4 peak months were 
low (5% - 15 isolates from 301  BCTS sampled) and similar to the other 
5 BCT posts during periods of Adenovirus vaccine administration.    Both 
type 4 and 7 adenovirus were isolated at Fort Wood. 

In sumnary, ARD rates at 5 of the 6 BCT posts were considerable 
lower than in past years.    Only at Fort Wood did rates approach 3.0/ 
100 men/week.    At least past of ARD at Wood was Influenza B and the 
remainder could not be attributed to adenovirus.    Indeed during periods 
of adenovirus vaccine administration, less than 5% of all  BCTS hospi- 
talized with upper respiratory infections at all  posts yielded adeno- 
virus. 

C.    Titration of ADV 7 and ADV 4 in Porcine Kidney Cells 

Due to increasing difficulty in obtaining human embryonic 
kidney cell  lines for research, an attempt was made to study the 
growth pattern of adenovirus types 4 and 7 in porcine kidney cell  lines. 
No final conclusion can be drawn from the preliminary data, but the 
results appear on the surface to show promise for the future in the use 
of porcine kidney cells as an adjunct or substitute for human embryonic 
kidney cells in the isolation and vaccine titration of adenovirus Types 
4 and 7. 

The porcine kidney cell  line, PS (Y-15), used in this study was 
obtained in passage 847 from Gulf South Research Institute, in 1973. 
In our laboratory it has been maintained in Medium 199 supplemented 
with 10% fetal bovine serum with antibiotics  (100 units/ml  of penicil- 
lin and '\00ß9/m'\  streptomycin).    The cells used in these experiments 
were in passage 868. 

Five samples of ADV-4 have been titered in the PS (Y-1E) cell  line 
by cytopathic effect (CPE) or by plaque assay.    All adenovirus type 4 
sampled yielded a reproducible PFU titer comparable with that produced 
in HEK using CPE endpoint.    Titers ranged to 10"^ in 3 separate experi- 
ments.    Comparable plaque assays in HEK are underway.    Four samples of 
ADV-7 have been studied for PFU and CPE.    The results of all  samples 
studied  in Y-15 cell  lines were reproducible.    The available viruses 
for  testing were low in titer and gave no CPE or plaques in the Y-15 
cell  lines or CPE in HEK cells.    After serial  passage in HEK or Y-15 
cell  lines, ADV Type 7 gave a reproducible plaque formation in Y-15 
cell  lines at a titer of 102 with comparable titers in HEK using CPE 
end point.    Experiments are presently in progress to attempt to 
determine if CPE and PFU are as promising as for Type 4 Adenovirus. 
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III.    DIAGNOSTIC VIROLOGY 

A.    Cytomegalovirus infections in WRGH hemodialysis patients and 
personnel. 

Because of reports in the literature of a high incidence of 
cytomegalovirus (CMV) disease patients in hemodialysis units, we decided 
to study serologically the incidence of CMV infection in patients on the 
hemodialysis ward (Ward 38) of Walter Reed General Hospital.    Since se- 
quential sera were also available on numerous staff members on that ward, 
these specimens were also surveyed by serologic means to determine if 
in fact infection by the cytomegalovirus could be considered an occu- 
pational hazard in personnel  attending patients on hemodialysis. 

The sequential  sera used were those being obtained on a regular 
basis from patients and personnel on Ward 38 for prevalence and inci- 
dence of HBsAg.    Patient and staff sera had been collected since 1970 
on a regular basis and kept frozen at -40oC; in all there were sera 
on 108 patients and 43 staff members during years 1970-1973.    Sera were 
run in CF tests with 4u.    CMV antigen using 5 CH50 units of complement 
in microtiter plates as standard. 

During fiscal years 1970 - 1973, sera were collected on 108 patients. 
Of these 108 patients, 77 had had sequential sera (at least 3 specimens) 
collected, and 31  had single serum specimens.    Twenty-three of the 31 
(74%) with single sera had CMV CF titers > 1:4 and 64 of the 77 (83%) 
patients with multiple serum specimens had equivalent titers in at 
least one specimen.    Of the 67 patients on whom sequential  sera were 
obtained, 40% showed > 4-fold rise in CMV titer and thus had infection 
with CMV during the period of study. 

Of the 43 staff members surveyed, 40 had sequential  serun specimens. 
Nine (40%) had > 4-fold CMV titer rises during the study.    Twenty-one 
(53%) had CMV antibody.    An attempt was made to correlate incidence of 
CMV infection with patient contact or involvment in hemodialysis pro- 
cedure.    (Table 50).  Physicians had a low prevalence of CMV antibody 
and no CMV infections were detected.    Although no CMV infections were 
documented in nurses, the prevalence of antibody was high and similar to 
technicians and patients.    Dialysis technicians had a high prevalence 
of antibody and an incidence of infection similar to patients.    These 
results would tend to incriminate blood as a source of CMF infections. 
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TABLE 50:    Incidence of CMV infections and Prevalence of CMV antibody 
in Personnel of Ward 38, 

Group 
Number 

Standard 
CMV 
No 

Infection 
{%) 

CMV OF Antibody 
No                 it) 

Dialysis Technicians 26 9 (35) 22               (85) 

Nurses 8 0 (0) 6               (75) 

Physicians 9 0 (0) 2               (22) 

B.    Enteroviral Meningitis Survey 

Experience in this laboratory has been that during the 
summer months asceptic meningitis symdrome due to enteroviral infections 
are at peak incidence.    Two basic isolation patterns have emerged in 
past years.    Either there has been a mixed pattern with several differ- 
ent viral strains participating in the overall rise in incidence, or 
there has been an increase in incidence or epidemic due to a single 
enteroviral strain.    Because of our experience last year when a strain 
of Coxsackie B-5 virus acted almost alone as the major culprit, we 
decided to trace the etiologic path of viral meningitis again in 1973. 

All cases of aseptic meningitis with materials presented to this 
laboratory for isolation attempts between June 1, 1973 and August 30, 
1973 were seen by the Infectious Disease Service and a clinical confir- 
mation of meningitis or meningoencephalitis, was obtained.    Specimen 
of various  types (throat wash, stool, CSF, urine, tissue) were obtained 
by either the WRGH house staff, or a member of the Infectious Disease 
staff.    Although requested by our laboratory, not all  patients had a 
complete set of specimens obtained.    Aliquots of the specimens which 
were obtained were inoculated on cell lines of Rhesus monkey kidney, 
human embryonic kidney, WI-38 and HR-6 cell  lines.    Following initial 
isolation of a virus strain from a specimen typing '/as carried out 
by tube neutralization studies.    No attempt to prove viral   infection 
in patients by a specific isolated viral  strain was done due to the fact 
that paired sera were unavailable on most patients. 

Forty-eight specimens were obtained on 22 patients with confirmed 
clinical meningitis or meningoencephalitis.    Of the 22 patients, 3 died. 
Two of the fatal cases had Herpesvirus Type 1, recovered from brain at 
autopsy.    Of the remaining 19 patients 4 had Echovirus Type 6.    Three 
of these patients had ECH0-6 virus isolated from 2 or more sources 

(Table 51).    The low recovery rate was unexplained but was probably due 

536 

jtam» 



pr— illll|llli!l|l|ipi,Jl ■■_~- l-T-TT-J,  »v ■i-1 tup 1    »' ■inn J.HIII^I ni,^ai L m—i PBMM 
I I   ■ ■'-iJjWPMiWfll 

to a combination of factors involving initial  handling of specimens. 
Also since specimens were not inoculated into suckling mice, Coxsackie 
Virus A infections   may not have been detected.    In addition to the ECHO 
Type 6 isolates, one stool specimen contained a second enterovirus 
different from ECHO Type 6. 

TABLE 51:    Summary of results of enteroviral meningitis survey 

Viral Type Specimen Number Number Positive 

CSF 20 0 

TW 10 1 

Stool 14 5 

Brain 4 2 

Echo-6 

Echo-6 (4) & 
1 untypable 
Herpes Type 1(2) 

C.    Herpesvirus Neutralizing antibody in Cerebrospinal  Fluid of 
Encephalitis Patients 

Herpesvirus hominis. Type 1, accounts for a signiftant pro- 
portion of clinically significant viral central nervous system disease 
and is the most common cause of sporadic fatal encephalitis in the 
Unites States.    Although it is known that Herpesvirus hominis infections 
occur in the presence of pre-formed circulating anti-Herpes vrus 
antibody, little is known about cerebrospinal  fluid neutralizing anti- 
bodies.    In 1969, MacCallum reported    that a rising titer of neutraliz- 
ing and complement fixing antibodies had been found in the cerebrospinal 
fluid in the acute and convalescent stages from several patients with 
encephalitis caused by Herpes ii^plex virus.    In collaboration with 
Gostlincj &   Ross, a larger series of results was obtained and published 
in 1972.    Comparative tests for poliovirus end other antibodies 
present in the patient's serum confirmed that this antibody rise was 
not due to passive leakage of antibodies through an inflamed membrane. 

Juel-Jensen and MacCallum have assumed that the finding of herpes 
neutralizing antibodies in the cerebrospinal  fluid in a titer of 1:4 
or greater is probably diagnostic in a patient with encephalitis ten 
days or more after disease onset, even if no rise in antibody is found. 

Spinal  fluid samples from patients with lymphocytic meningitis 
have been screened for neutralizing activity and detailed investigations 
have been performed on the nature of this CSF neutralizing activity from 
one patient  vith fatal  encephalitis. 
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Maclntire VR3 HSV-H Type 1  and MS HSV-H Type 2 were obtained 
from Dr.  Kenneth Merrman at CDC.    Both strains were passaged 9 times 
in FS-9 fetal  foreskin and passaged three times in Vero continous line 
of African Green Monkey Kidney cells. 

The Vero continous line of African green monkey kidney cell 
monolayers were grown to confluency in Falcon plaque flasks.    Equal 
portions of cerebrospinal fluid or serum dilutions and known virus 
dose (50-70PFU per dose) were incubated at 370C for one hour; 0.2 ml 
of the virus test mixtures were inoculated onto the confluent monolayers 
of Vero cells.    The virus test mixture was incubated at 370for 60 minutes. 
Next, the monolayers were overlain with a simplified Agar overlay com- 
posed of 1% Difco purified Agar with 40% medium 199 (Microbiological 
Associate ) and 40% double distilled water 0.36M bicarbonate, anti- 
biotics and 20% FBS.    The flasks were overlain with neutral red strain 
overlay at 3 or 4 days and examined for plaques for 24 hours.    Neutra- 
lization was considered to occur if dilutions of CSF reduced plaques 
formed by 50% compared to control virus. 

Cerebrospinal fluid from patient 1, shown to contain hi^i  titer 
neutralizing activity, was centrifuged at 35,000 RPM for 20 hours over 
a 10-40% sucrose gradient in a Spinco  (Type 35) rotor.    Fractions were 
collected from below and tested for neutralizing activity and for IgG 
and  IgM concentrations in immunodiffusion plates (Hyland Laboratories). 

Serum and spinal fluid samples from 17 patients were studied. (Table 
51). Five patients had encephalitis, 4 terminating fatally, 1  termi- 
nating with Korsakoff's syndrome.    Seven patients had lymphocytic men- 
ingitis.  Three were suffering from myelitis; one with simultaneous 
severe herpes virus hominis Type 1 stomatitis.    One patient developed 
idiopathic encephalopathy and coincident oral mucocutaneousherpes 
virus hominis Typt 1  post renal transplantation and a final  patient 
had nonreactive tuberculosis with a cerebrospinal fluid sanfle taken 
as part of a routine FU0 workup. 

Neutralizing activity to herpes virus hominis Type 1 was denon- 
strated in the cerebrospinal fluid from the four patients with fatal 
encephalitis, one of whom (patient #2) had Type 1 herpes virus hominis 
isolated from spinal fluid in the 1st week of the illness and from 
brain at postmortem exam, eight days after onset.    The isolate from 
cerebrospinal fluid was recovered in the presence of CSF neutralizing 
titer of 1:10.    Patient #6 was experiencing meningoencephalitis and had 
Type 2 herpes virus hominis isolated from cerebrospinal fluid.    No 
neutralizing antibody was found. 

Another patient (patient #7) had transverse myelitis and profuse 
stomatitis; herpes virus hominis Type 1 was isolated from the oral muco- 
cutaneous lesion.    No neutralizing activity was demonstrated in cere- 
brospina1  fluid from this patient.    Patient 14, renal  transplant 
patient, also had concomitant herpes virus Type 1 isolated from a lip 
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lesion and had a negative spinal fluid titer. 

In order to characterize the neutralizing activity in the spinal 
fluid, cerebrospinal fluid from patient #1 which had high titer of 
neutralizing activity was centrifuged through sucrose gradient. The 
neutralizing activity was found to migrate exclusively with IgG. 
Indeed, the peak of neutralizing activity was coincident with the peak 
of IgG. Further, incubation of the cerebrospinal fluid with rabbit 
antihuman IgG heavy chain serum removed all neutralizing activity. The 
neutralizing activity represented 7S IgG immunoglobulin in the spinal 
fluid. No neutralizing activity was seem in the IgM 19S region of the 
sucrose gradient. Indeed, IgM was not detected in the spinal fluid of 
this patient. 

This report demonstrates, contrary to the findings of othe. 
workers, that antiherpes neutralizing activity is found within the 
cerebrospinal fluid in patients with encephalitis. Furthermore, it has 
been shown that the neutralizing activity from one of CL"»' patients 
behaved as 7S IgG immunoglobulin. 

The virologic diagnosis of herpes virus hominis central nervous 
system disease is difficult. A specific diagnosis often depends on 
brain biopsy. Diagr.osis by serum antibody rise is always questionable 
because of the possibility of coincident mucocutaneous herpes virus 
infection. 

Normal levels of IgG in the CSF range from 15-40 ug/ml whereas 
normal plasma levels of IgG are 12,000 to 18,000 ug/ml. The expected 
ratio of IgG concentration, CSF to serum, would be 1:300 to 1:2000. 
However, in other viral CNS infections HAI or CF antibodies have been 
found to reach CSF to serum ratios as high as 1:8 (Winchester, 1972). 

Simultaneous serum and CSF specimens may be examined and diagnosis 
may be presumed by noting a relative CSF to serum ratio of 1:8 or 
greater. MacCallum has stated that CSF antiherpes virus titer of 1:4 is 
diagnostic of central nervous system herpes virus infection. We are 
studying additional cases prospectively in order to understand the 
kinetics of antibody within the CSF. 

Herpesvirus hominis Type 1 may result in fatal encephalitis in the 
presence of high titer of antiherpes virus antibody. This may be 
accounted for by direct extension by neuronal bridging, and/or by the 
above mentioned phenomenon of antioody bound but infectious virus 
(sensitized virus). Further efforts will be made to understand the 
pathogenetic significance of CSF antiherpes virus antibodies. 

539 

■ IM» 
-■■— UM 



mmmmmm***^*m • I« i ■ ■W*W .   ■ J   ..,W"»l.l)|IPlU«ll»ll    l( JJlJiJl» mm .mtm-m'wnmm*-' ^unmi m» 

C 
01 
E 

•r" 
O 
0) 
Q. 

O 

0) 

0) 

X3 
O 
J2 

c 
«3 

c 

<0 
I. 

0) 
c 
to 
3 
fc- 

Q. 
I. 
<U 

LD 

01 

0) 

IO 
0) 
10 

c 
0) 

(0 
a. 

XI  10 

u. o 

0) 
•tJ 
IO 

o 

0) 0) 
4-> ■•-> 

IO IO 
r— ^— 
o o 
i« v> 

o o CVJ «■ 

00 p— 

CsJ V vvvvvvvvvvvvv 

CM  o »a- ^r  «t 
>—  CO 
m 

A  A    A 

«a- 

A 

IS> <<- n C •#* <«- •r— VI IO 
••-> o l-> •r— >. «i 
•r— .* •f— r— x "ÖL •*•• ^— r— 1—■ V) to ISI U1 «^ to ID •M «/) «o 
IO V) 10 •r- •^ »P* •^■ •f— •r- (0 C o 
.c J. ^: +J ■•-» •M ••-) ■M ■t-> -Q O. IO 
Q. o Q. •^ •f— •f— •f* •r- 't— 10 o i- 3 

in 0) (/) w ^ OJ ai C71 CD ai ai cn -«-> O 
»r- o •^ •r- <J c C C c c c "ai i. 
■»J c ■<-> 4J u C •r— •^ •^ •r- •^■ to >, fft 0) 
r- OJ •r* •fM •f- a; c c c c c c o; E in J3 

r— r^ r— 4J o 01 <u O) 0) 0) 0) Q. •r— D 
«3 'iÖ 10 10 •r- en 

c 
E E E E E E 

O) 
c 
o 

4J 

CL ■»-> ca. Q. 10 <U •^ u o o o o u ^ •^ •r- 0) 
0) IO 0) <U x: c •f— •r- •f— •f- ■r- •r- 4-> X3 > 
o U- o O Q. o 0) •!-> ■!-> ■M •M ■»-> ••-> #1 o 10 •f- 

c c c 0) t. E >> >^ >! >> >> >> 01 <u ul ^— ••-> 
0) a> 0) o-o o O o o O O •r- «4- •r- o 

r— c c CSJ o o o o o o 4J c 4-) to 10 
(MB r— pM» OJ >, X J= ^ -C x: -C •^ •^ •r- OJ 0) 
<o 0J IO 10 ■M in QJ Q. a. Q. c Q- Q. ^— ■M i— Q. J- 

a. ■u 
IO 10 o 1 1, 1. 1, 1. 1, 0) 

o >> 
t- c 

o 
ul- (- u. u. OL 1- _l _J _l _) _l _l s: Q- 2: z 

X -C c •r" 
3 a> o ^ 

c Q- CO u 10 3 S. ■•-> L. u 00 Ul >. i/l 
OJ o •r- ai OJ IO OJ c Ol 0) c C L. 0) -C •f- 

u x: u ,*: T5 c IO ■*-> c •^ O O +-> !«■ 

u to l- t J- C3 c >, U) £? •r* jQ +-> 5 L. •^ r— 
IO •r— 10 IO O o o «- IC 10 3 O O «0 O ^ o 
3 CO a: a. CO 2: 00 CO tu X o- Qi t/O n o X 

- OJ CO 
• 

»a- in VD r~. co c^ o ^ CM ro «* to UD t-v 

54U 

-■ i 
  - -    -~-*—L~~~~—~~~~- ■-—■-■■- ■ ■ ■ ■ ■ ■ i 



■ppppppippBIPjp^p^ iiipili i.....   ii    ■ .IIH^I IP.I..I»I ■   J i,iiii T-    miiii,iMi!ii,iiiiumiiHn^T umi""' jiiii|wi««ili!Pii«"iw.M»"ll,)'l«ii».l ^       IW*II iiiiiiil.li HI.   F!^ 

..N n  i   M ■ •■ 

Sinntnary 

I.    Antigenlc analysis of the structural proteins of Sindbis virus 
was carried out.    The two envelope glycoproteins of Sindbis virus were 
isolated by detergent disruption and isoelectric focusing.    The separa- 
ted glycoproteins exhibited isoelectric points at pH 6 and pH 9, and 
they differed in amino acid composition and biological activity.    The 
pi 6 (Ei) glycoprotein appeared to be the virus hemagglutinin and it 
antigenically cross reacted with closely related western equine 
encephalitis virus antiserum.    In contrast, the pi 9 {E2) glycoprotein 
appeared antigenically specific, and antiserum prepared against this 
protein neutralized infectious Sindbis virus. 

Investigations on the dengue virus non-structural soluble 
complement-fixing (SCI; antigens were concerned with search for anti- 
body to deiigue-2 SCF in sera of children with dengue hemorrhagic fever 
and further purification of the SCF antigen by isoelectric focusing. 
Antibodies to dengue-2 SCF were found in about half of the convalescent 
sera from dengue hemorrhagic fever cases drawn 2 to 3 weeks after onset 
of symptoms.    No SCF antibodies were found in sera drawn up to the time 
of hospital discharge (generally by 8 days after onset of Illness), or 
in primary dengue fever cases.    Due to the possibility of a dengue SCF 
serotype-spedfie response, and to exclude all other material in the 
SCF antigen preparations, further purification of all 4 SCF serotypes 
was carried out.    Isoelectric focusing resulted in extensive purifica- 
tion of the SCF antigens.   The Isoelectric points are characteristic 
of each type and correlate well with their relative free solution 
electrophoretic mobility.   The results thus supported the proposal that 
these antigens are "charge-isomers".    Antisera have been prepared to 
these purified antigens and are currently being characterized. 

A naturally occurring small plaque clone of dengue-2 virus shown 
to be greatly restricted in replication above 370C was also shown to 
be slightly more heat stable that the parent virus  (PR-159, Puerto Rico) 
from which it was derived.    Preliminary temperature-shift experiments 
Indicated that the temperature sensitive step in viral replication was 
somewhere between 8 and 12 hours after infection.    Preparation of radio- 
active small-plaque-clone virions in LLC-MK2 cells Indicated that the 
minor envelope protein V-l was slightly larger than the V-l of the New 
Guinea C prototype dengue-2 virions when they were coelectrophoresed in 
polyacrylamide gels.    Neither the small  plaque clone, the parent virus, 
or the New Guinea C prototype virus would r*>Dl1cate to any extent in 
continuous lines of human lymphoblastoid cells.    The dengue-2 strain 
that replicated well  had been passaged through a monkey and Aedes albo- 
pictus mosquitoes.    The effect of certain passage histories to create 
host-dependent mutants is being studied. 
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Monolayers of chick embryo cells were enucleated by centrifugation 
In the presence of cytochalasin B. Infection of enucleated cultures 
with Sindbis virus, a group A arbovirus, resulted In productive Infec- 
tion, suggesting that the nucleus of the cell Is not necessary for ropll 
cation of this virus. In contrast, enucleated cultures Infected with 
Japanese encephalitis (JE) virus, a group B arbovirus, did not produce 
Infectious virus and showed virus-specific fluorescence in only a low 
percentage of cells. These observations indicate that either the 
nucleus Itself or some closely associated perinuclear structure is 
essential for replication of Japanese encephalitis virus. 

Methods of labeling and purification that were adequate for pro- 
ducing radioactive JE virions from vertebrate cell cultures were not 
successful with cultures of Culex triaeniorhynchus in spite of good 
production of hemagglutinin in theTülex celis^ The ability of Culex 
cells to take up and Incorporate radioactive amino acids was compared 
with that of LLC-MKo cells. Total upt*1-- over a 2-hour period was only 
20% of that of LLC-MK2 cells. Furthermore, LLC-MK2 cells incorporated 
40% of what they took up, whereas Culex cells Incorporated only 30%. 
Overall it appears that poor uptake is the major reason for inefficient 
labeling of mosquito cells. In another attempt to explain the failure 
to obtain labeled virus from mosquito cells the percentage of infected 
cells was determined by the indirect fluorescent antibody technique, 
using a high MOI of JE. By this method, it was found that only 3-10% of 
the cells showed signs of virus replication. To see if a more suscepti- 
ble population of cells could be obtained, the Culex cells were cloned, 
On'iy one successful clone was derived. In preliminary studies it 
appears to be culturally and morphologically different from the parent 
line, but similar with respect to supporting virus replication. 

The effects of metabolic inhibitors were studied to obtain methods 
for more efficient labeling of Japanese encephalitis virus-specified 
intracellular polypeptides from chick embryc eel's. Usinq a concentra- 
tion of 1 ug/ml we tested the effects of a 2-hour pulse of '•».ctinomycin-D 
on protein synthesis in chick embryo cells. Simple washing of untreated 
cells caused a four-fold rise in specific activity forty hours after 
washing as opposed to unwashed cells. The specific activity of the 
actinomycin-D treated cells was < 1% of the washed controls by forty 
hours after the drug treatment. The effect of the time of addition of 
actinomycin-D on the synthesis of proteins in JE-infected chick embryo 
cells was studied by polyacrylamide gel electrophoresis of extracts that 
had been treated with 1 ug/ml of actinomycin-D for 2 hours before 
Infection of from 4-6 hours, 6-8 hours, or 16-18 hours after infection. 
All cellular extracts were labeled for a 2-hour period prior to harvest 
at 26 hours post infection. In the first three conditions the amount 
of incorporated label was low and the high molecular weight region of 
the gel was obscured by the host background. However, the cells that 
received the 16-18 hour treatment gave a gel pattern that was virtually 
identical to the actinomycin-D, cycloheximide treated marker proteins. 
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with a level of radioactivity that was about five-fold higher than that 
of the cells that had been treated from 6-8 hours post infection.    These 
results may make pulse-chase studies of the virus-specified polypeptides 
possible. 

Detergent disruption and isoelectric focusing of Japanese encepha- 
litis (JE) virus did not reveal an increase in the number of structural 
polypeptides in contrast to the resolution of an additional envelope 
glycoprotein of Sindbis virus.   The largest envelope glycoprotein (V-3) 
was routinely separated at an isoelectric point of pH   7.7 and appeared 
free of contamination; however, the other two structural proteins of 
JE were not as easily resolved.    A peak consisting of V-3 and V-l was 
found at an isoelectric point of pH 4.4; however, this complex could be 
dissociated with higher detergent concentrations.    The structural pro- 
teins V-2 ond V-l have not yet been separated completely but preliminary 
evidence indicates that they may possess isoelectric points in the 
range of pH  10-pH 11. 

Preliminary isoelectric focusing studies using JE-infected cellular 
extracts were also   performed.    Extracts were prepared by homogeniza- 
tion in the presence of 1% Triton-X 100 followed by dialysis and clari- 
fication by low speed centrifugation.    PAGE of the extract prior to 
focusing revealed an aberrant pattern with reduced amounts of the three 
largest virus-specified polypeptides and an unusually large amount of 
radioactivity in the low molecular weight region of the gel.    Focusing 
of the extract yielded prominent peaks at pH's 5.60, 6.89, 8.30, 9.33 
and 11.37, as well as several minor peaks.    Most of the focusing peaks 
gave multiple protein peaks on gels.    Several gave a series of unre- 
solvable proteins while others qualitatively resembled the 14c-JE intra- 
cellular protein marker suggesting that these were pieces of virus- 
modified cellular membranes that were not completely dissociated.    The 
most significant finding was that PAGE of pH 6.89 peak produced a single 
protein that co-migrated with NV-3. 

Some biologic and immunologic properties of mouse normal peritoneal 
lymphocytes (NPLs) were described and compared with splenic lymphocytes 
(SpLs) and where appropriate, peritoneal exudate lymphocytes (PELs). 
NPls represented a metabolically active population of lymphocytes.    By 
immunofluorescent criteria, about 50% of NPLs were surface immuno- 
globulin    (Ig+) compared to approximately 40% Ig+ cells among SpLs. 
Most interesting was the fact that PELs contained fewer than 5% Ig+ 

cells among SpLs.    Most interesting was the fact that PELs contained 
fewer than 5% Iq+ cells, indicating that normal and exudate peritoneal 
lymphocytes represented functionally distinct populations.    An attempt 
was made to assess the relative thymus dependent (T-cell) functional 
capacity of NPLs vs. SpLs.    Both with respect to reactivity to concona- 
valin A (CON A) and allogeneic cells, NPLs were twofold less reactive 
than SpLs.    Thus, while possessing almost equivalent numbers of B 
cells, NPLs, at least functionally, contained far fewer T cells.    The 
above suggested that many NPLs were neither T nor B-cells by the usual 
criteria.    The possible nature of these cells was discussed. 
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The ultrastructural morphology of mouse peritoneal lymphocytes 
(PELs) and normal peritoneal  lymphocytes (NPLs) was described and com- 
pared.    Both populations contained morphologically indistinguishable 
inactive and intermediate lymphocytes.    However, lymphoblasts were found 
only among PELs.    Further, uropod bearing lymphocytes were prominent 
among PELs but rarely seen among NPLs.    Since such cells were indicative 
of a thymus derived (T-cell) population, this constituted morpholoqic 
confirmation to the functional data in the preceding section which 
suggested that NPLs represented a T-cell poor population and PELs a T 
cell-rich population.    Finally, a unique cell was found among NPLs, 
unusual in that it was an inactive lymphocyte with a large segregated 
macronucleolus.    These cells resembled Ig", 9~ cells ("null" 'rells) 
described by others among SpLs.    The possibility that i."uch "null" cells 
exist among NPLs was discussed in light of previously presented function- 
al data. 

The transfer of lymphocytes intradermally into histo-incompatible 
hosts results in a local graft vs. host (GVH) reaction.   Mouse lymphoid 
populations differed in their ability to effect this reaction in a 
xenogeneic transfer into guinea pig skin.   Thus while peritoneal exudate 
and peripheral blood lymphocytes mounted a strong response, normal 
peritoneal lymphocytes and spleen cells were relatively ineffective. 
Prior immunization of donor mice resulted in a terminal  "flare" of 
mitotic-dependent activity with transferred peritoneal exudate and 
peripheral blood lymphocytes.    The effects of manipulations on the host 
were also of interest.    Thus non X-irradiated guinea pig hosts gave a 
better initial response to transferred cells.    However, the response 
was short lived and in the appropriate cases, there was no terminal 
"flare" reaction.    When the hosts were X-irradiated, the immediate trans- 
fer reactions were somewhat diminished but the reactions persisted for a 
long period of time.    Decomplementation of host animals by cobra venom 
cofactor resulted in additional dlininution of the transfer reaction. 
These results suggested that cells capable of initiating a GVH response 
are compartmentalized in vivo and suggests that factor affecting the 
location of a lymphocyte at a particular point in time may have profound 
effects on host defenses ir^ vivo. 

Experiments with dengue strains suitable as vaccine candidates con- 
tinued.    A dengue-2 small plaque virus pool  (S-l) at the 19th passage 
level was prepared and tested for suitability as a pre-vaccine seed. 
Markers, including small plaque size, temperature sensitivity, tempera- 
ture stability, and suckling mouse and monkey virulence were used to 
characterize and differentiate this seed from the parent virus.    The re- 
version frequency for S-l was 2 x 10"3 and reversion upon passage was 
dependent on multiplicity of infection.    The S-l  seed Inoculated in 
certified FRhL cells replicated poorly and reverted to virulence upon 
passage in these cells.    A low passage pool of D-2 PR-159 virus In FRhL 
cells with small  plaque and ts+ markers was found to have low virulence 
and high immunogenicity in monkeys.    Rhesus monkeys inoculated with small 
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plaque clones showed marked reduction in virulence and stimulation of 
high levels of antibody.    Protection was demonstrated in small-plaque- 
clone-inoculated monkeys later challenged with the parent virus.    Neuro- 
virulence in monkeys inoculated with the S-l, p    19a seed pool, was also 
lower when compared with the parent virus.    Chimpanzees also demonstrated 
a desirable lack of viremia along with high levels of antibody after 
inoculation with the small plaque clones     A dengue-3 human isolate was 
passaged in certified PGMK cells and a parent virus pool was prepared at 
the 4th passage level.    The parent virus pool contained mixed, large and 
small virus plaque populations and will be used for plaque isolation of 
of ts+ mutants.   A S-azacytidine-mutagenized pool  of the D-3 parent will 
also be used for mutant clone isolation. 

Japanese encephalitis SCF antigen, derived from suckling mouse- 
brain and free of hemagglutinins, had a molecular weight of 55 x 10   and 
an isoelectric point of 5.3.    The SCF antigen was stable to SLS and 2-ME 
treatment, while JE virion CF antigens were not.    A final  purification 
of the SCF antigen by isoelectric focusing increased the type specificity 
of this antigen in CF tests.    In immunodiffusion tests, the highly puri- 
fied SCF exhibited no increased type specificity over cruder preparations 
and produced two precipitin bands against separate classes of anti-JE 
immunoglobulins. 

The polypeptides of BFS-283 strain of California encephalitis virus 
have been analyzed by polyacrylamide gel electrophoresis.    Six radio- 
active peaks were detected in purified virions grown in two different cell 
types.   Five of these radioactive peaks contain glucosamine, two of which 
appear to be glycoproteins.    When degraded virions grown in two different 
cell types were compared by coelectrophoresis, host dependent differences 
were detected in the electrophoretic mobility of some glycoproteins but 
not with the nonglycoprotein.    Treatment of the virions with the non- 
ionic detergent NP-40 resulted in a dense nucleic acid-protein complex 
containing the smallest of the structural proteins, its molecular weight 
being about 17,500. 

The plaoüe reduction neutralization test (PRNT) has been tested and 
found to accurately differentiate the various subtype of the California 
encephalitis (CE) complex.    This test was used to identify to subtype 
both mosquito isolates from the Pocomoke Cypress Swamp (PCS), Maryland, 
and to identify to subtype neutralizing (N) antibody found in wild verte- 
brate sera.    Turtle and deer sera were tested for N antibody to local 
strains of Keystone and Jamestown Canyon subtypes of CE.    Turtle sera 
testing is incomplete, but results to date suggest few N antibody 
positive individuals.    Deer were frequently found N antibody positive. 
Hamsters, raccoons and squirrels were experimentally infected with swamp 
strains of Keystone or Jamestown Canyon CE.    Hamsters proved to be a good 
laboratory model.    Raccoon exposures were inconclusive, but suggested 
only low level viremias were produced.    Certain individual  squirrels 
produced viremia probably capable of infecting feeding mosquitoes. 
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Sentinel rabbits were exposed in the PCS from May through October 1973, 
and bled periodically to detect acquisition of N antibody to CE.   A 
total of 20 rabbits converted against Keystone subtype CE, 17 of which 
converted immediately after the appearance of Aedes atlanticus adults. 
Aedes atlanticus mosquitoes have previously been shown to emerge 
infected with the Keystone subtype of CE, and these seroconversions 
suggest the ability of transovarial infected A. atlanticus to transmit 
Keystone virus at their first blood feeding. 

Influenza A strains isolated from WRGH patients in Jan-Feb 1974 
were similar to A/Port Chalmers/1/73; in addition, one strain of 
Influenza B/Honq Kong/5/72 was isolated.    Strains from an outbreak of 
influenza in Karen Hill tribe villages near Mae Sariang, Thailand were 
similar to A/Port Chalmers/1/73. 

Availability of stable and potent adenovirus vaccines led to the 
lowest ARD rates experienced in basic combat trainees at the 6 CONUS 
training posts since adenovirus surveillance was instituted in 1966. 
During periods of vaccine administration, less than 5% of trainees 
hospitalized with ARD had adenovirus infections established by viral 
isolation. 

A high incidence of cytomegalovirus infections was documented by 
serology among patients undergoing hemodialysis and in hemodialysis 
technicians at WRGH.    Although nurses in the dialysis ward had a high 
prevalence of CMV antibody, while only 2 of 9 physicians had CMV anti- 
body. 

Herpes virus neutralizing antibody was demonstrated in the cerebro- 
spinal fluid of one patient with Herpesvirus encephalitis.    Neutralizing 
activity was found in an additional 3 patients with encephalitis.    The 
diagnostic significance of this antibody is being evaluated. 
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Project 3A161102B71Q COMMUNICABLE DISEASES AND IMMUNOLOGY 

Task 00 Communicable Diseases and Immunology 

Work Unit 167  Rickettsial diseases of military personnel 

Investigators. 
Principal:  Joseph V. Osterman; Aki Shirai 
Associates:  CPT Stanley Oaks, Jr., MSC; Janis Campbell; 

Christine Simon; Maureen Guild; PFC John Uietel; 
PFC Thomas Ropchak 

Introduction. 

The major research efforts in this work unit during the period 
coveied were to attempt improvements in the cultivation and purification 
of rickettsia; in the techniques currently used for diagnostic serology; 
and to develop other promising methods for the detection of rickettsial 
antigens and antibodies.  In addition, new laboratory investigations 
of host defense mechanisms against rickettsial infection were initiated. 
Diagnostic tests on clinical material were performed as required.  The 
numbers of clinical specimens received for testing increased over 
previous years, partly as a result of the resurgence of Rocky Mountain 
Spotted Fever on the east coast. 

I. Purification of rickettsial organisms for diagnostic tests and 
investigations of antigenic structure. 

Large quantities of rickettsial suspensiont have been produced 
in embryonated eggs for use in the various investigations.  Sucrose 
gradient centrifugation and CsCl equilibrium centrifugation have been 
utilized to purity the rickettsial suspensions.  Such techniques provide 
suspensions of organisms that are relatively free of contaminating 
egg protein and, therefore, more suitable for immunological analysis or 
use in serological tests.  A project to identify specific antigenic 
fractions in purified rickettsial suspensions utilizing polyacrylamide 
gel electrophoresis has been initiated. 

The growth of rickettsia in cell cultures has also been a subject 
of active investigation.  Rickettsial growth in suspension cultures of 
L929 and Hela cells was quantified, and cell cultures in roller bottles 
have proved to be a method whereby large numbers of rickettsiae can be 
harvested as relatively pure suspensions. 

II. Application of soluble antigen fluorescent antibody technique 
(SAFA) as a tool for the detection of rickettsial antibodies. 

An attempt was made to adapt the SAFA technique (Toussaint, A.J., 
Expt. Parasit. 19:71-76, 1966) for use in detecting rickettsial antibodies 
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to soluble  rickettslal antigen.     Advantages of  the  SAFA technique would 
be:     (1)  elimination of subjective  readings;   (2)   correction for non- 
specific  fluorescence;  and  (3)  elimination of  reaction fade-out during 
test  reading.     Preliminary results  indicated that   the SAFA test detects 
rickettsial antibody,  showing greater reactivity with homologous  than 
with heterologous  sera.     Further studies have been initiated to 
determine  the specificity and  sensitivity of  the  test system. 

III. Development of  indirect hemagglutination  tests  (IHA)   for  the 
detection of  rickettsial antibody. 

Investigations were initiated during this  reporting period  to 
ascertain if  IHA antigens of  the  requisite  specificity and sensitivity 
could be developed  for the detection and measurement of rickettsial 
antibody.     Sheep   (SRBC)  or human 0  (HRBC)  were  treated with glutaral- 
dehyde prior to sensitization with soluble antigens prepared  from 
R.  mooseri or Proteus OXK.     R.  mooserl were obtained from the yolk sacs 
of embryonated eggs and purified by  treatment with Amberlite  resin and 
potassium acetate.     This preparation was put  through a French press at 
20,000 psi  to disrupt  the organisms and  then centrifuged at  10,000 g 
for 1 hr to yield  a supernatant fraction.     SRBC sensitized with the 
supernatant  fraction were agglutinated by antisera to both R.  prowazeki 
and R.  mooseri. 

A similar approach was  taken utilizing soluble Proteus OXK antigen 
and HRBC  (Schneider,  H.  e_t al• .   Indirect hemagglutination test  for 
Proteus OXK antibodies using sensitized,  preserved human erythrocytes. 
406 MGL Special Report, USA Medical Command,  Japan,   1/3/68).     Proteus 
OXK were grown in a suspension culture.     The organisms,  in the log 
phase,  were harvested,   treated with 0.05N NaOH and placed in a boiling 
water bath for 2 hours.    The NaOH extract was  then centrifuged at 
7,000  g  for  30 min,   and the supernatant brought  to neutrality with 
0.1N HC1,     The neutralized extract,  dialyzed overnight at 40C against 
saline,   WHO   ihe  soluble antigen used to sensitize  glutaraldehyde  treated 
iliuu       The   IHA reaction with  this antigen was  specific against standard 
I'rnteus  antisera   (i.e.,   reacting only with  OXK  and not with 0X2  and 
OXl'i),     However,   only one of  three  sera   I r ni- ih   ryphus patients  reacted. 
Current  studies   include  the  testing of mon        ...i   al   sera  to determine 
the  specificity and  sensitivity of  these   tests  and   the  identification 
of specific antigenic  fractions  that might be used  in  the preparation 
of  IHA antigens. 

IV. Host defense mechanisms  in experimental  rickettsial infections. 

Experiments   to  establish a  test  system for   investigations  of  host 
defense mechanisms  in rickettsial  infections were  conducted  in 
collaboration with  the Department of Virus Diseases.     BALB/C mice  and 
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2 strains of Rlckettsla tsutsugamushi (the less virulent Gilliam strain, 
and the virulent Karp strain), were utilized. Mice infected by an 
intraperitoneal injection of 100 mouse ID50 ^^ infective dose) of the 
Gilliam strain on day 0 developed resistance to a subsequent challenge 
infection with ^ 1,000 mouse LD^Q (50% lethal dose) of the Karp strain. 
On day 3 following inoculation of the Gilliam strain, challenge with the 
Karp strain produced some evidence of disease (ruffled fur, etc.), but 
no mortality.  Complete protection against disease had developed by day 
seven and continued through day 28, when the study was terminated. 

An attempt was made to determine if cell mediated innnunity (CMI) 
functioned in this system.  In evaluating CMI, animals were sacrificed 
and their spleens removed ca days 3, 7, 14, and 28 after vaccination 
with Gilliam strain.  Cell suspensions of these spleens were prepared, 
and approximately 1 X 10° nucleated cells were inoculated into individual 
animals, which were then challenged with the Karp strain. Cells pre- 
pared from donors on day three afforded no protection.  Cells from day 
seven animals, while not preventing disease, conferred some protection, 
since 80% of challenged animals survived.  Spleen cells collected from 
animals on days 14 to 28 transferred 100% protection against both 
infection and death.  A slight decrease in protection to seven-day 
levels was observed with transferred spleen cells from animals vaccinated 
42 days previously.  The protection probably was due to the lymphoid 
:ells of the spleen.  The spleen cells that afforded complete protection 
in recipient mice yielded > 98% lymphocytes when fractionated on a 
Ficoll-Hypaque gradient. 

Experiments are now in progress to identify relevant subpopulations 
(i.e., T cell vs. B cell); compartmentalization of the protective cells 
with time (e.g., spleen vs. lymph nodes, etc.); and the possible 
cooperative interactions of lymphocytes and macrophages. 
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23 (U) - Studies on the etiology, ecology, epidemiology, pathogenesis, physiological, 
immunological and diagnostic aspects of diseases of microbial origin which are curren 
or potential problems to military forces.  Current emphasis on meningococcal, gonococcal, 
pseudomonas, mycoplasma and staphylococcal infections in military forces. 

24 (U) - Development of bacteriologic techniques for study of various infectious 
diseases.  Field studies or prophylactic regimens, spread and persistence of organisms 
in various military populations. 

25 (U) - 73 07 - 74 06 The isolation and preliminary characterization of cell surface 
antigens of Pseudomonas aeruginosa strains has made it possible to begin Co systemati- 
cally examine the functions and immunology of the individual components.  Attachment of 
type 1 gonococci to buccal epithelial cells can be inhibited by a crude pili antigen. 
Rabbit antiserum inhibited attachment with some evidence of specificity.  Human vaginal 
secretions from infected patients inhibited homologous gonococcal attachment but not 
heterologous.  Studies of a tissue culture model of gonococcal infection have shown that 
organisms which have penetrated into cells can be differentiated from surface attached 
bacteria by means of peroxidase conjugated antiserum.  Chronicity of the tissue culture 
infection has been demonstrated.  Normal human serum in the medium prevented penetration 
by colony type 4 (nonvirulent) gonococci, but type 1 forms (virulent) were not inhibited 
Clinical laboratory support of infectious diseases problems has consisted of identifi- 
cation of bacterial strains, antibiotic sensitivity tests and serum antibiotic assays. 
Patients undergoing esophageal dilatation developed transient bacteremias with organisms 
though' .o be introduced during the procedure.  For technical report see Walter Reed 
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Project 3A.L61102B71Q COMMUNICABLE DISEASES AND IMMUNOLOGY 

Task 00 >" .unnunicable Diseases and Immunology 

Work Unit 168 Bacterial diseases of military importance 

Investigators. 
Principal: 
Associate: 

Malcolm S. Artenstein, M.D. 
MAJ Robert S. Baltimore, MC; MAJ John L. Carpenter, MC; 
MAJ J. McLeod Griffiss, MC; MAJ Walter P. Richardson, MC; 
MAJ Jercild C. Sadoff, MC; MAJ Edmund C. Tramont, MC; 
CPT Wendell D. Zollinger, MSC; William C. Branche, Ph.D.; 
Brenda L. Brandt, M.S.; Arthur S. Dobek, Ph.D.; 
Herman Schneider, Ph.D.; Mary Ann Bertram; 
Christine A. Brings; Linwood Britt; Edward T. Dickson; 
Doris P. Fisher; Hazel D. Fleet; Roosevelt D. Franklin; 
Charles Harkins; Robert E. Mandrell; Linda F. Mitchell; 
David L. Rose; Daniel J. Scott; Katherine K. Yamada; 
MSG Adam D. Druzd; SP5 John J. Bascietto; 
PFC Arthur F. Brings; SP6 Dennis D. Broud; 
SSG Robert L. Burdick; SP4 Liborio C. Truncali. 

I. Pseudomonas aeruginosa Infections 

Studies ön The outer cell wall membrane of Pseudomonas aeruginosa. 

Pseudomonas aeruginosa like most other gram negative organisms has a 
cell envelope structure consisting of an outer membrane, a peptidoglycan 
layer and an inner cytoplasmic membrane [Ij.  Eagon has shown that 
ethylenediaminetetraacetic acid (EDTA) liberates from isolated cell walls 
a protein-lipopolysaccharide complex that contains proteins character- 
istic of those found in outer membrane preparations [2].  Studies have 
been directed toward the isolation and characterization of the outer 
membrane complex (native complex) and separation of its components. 
The purified protein and J.ipopolysaccharide (LPS) antigens, along with 
the whole native complex (NC), were used for investigations of their 
Immunologie specificity and their function as pyocin receptor sites. 

Methods and Results: 

Isolation and fractionation of the native complex (NC) was performed 
by the method of Zollinger [3].  Briefly, organisms in suspension were 
heated, subjected to mild shear in an omnimixer and the NC separated by 
differential centrifugation.  Fractionation was carried out with 
Sephadex G-100 column after solubilization of NC with deoxycholate. 
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Protein and lipopolysaccharlde (LPS) components were analyzed by 
polyacrylamide gel electrophoresis (SDS-PAGE) as veil as by chemical 
monitoring of fractions. Protein and LPS eluted from the column in 
two well defined peaks. 

Radiolabelec* LPS obtained in a similar manner when analyzed by SDS- 
PAGE yielded a i^ngle well defined band just behind the marker dye front 
with a characteristic Rf of 0.85-0.87.  In this system the Rf's of LPS 
have shown some concentration dependence but Rf's of 0.86-0.89 have been 
consistently found for LPS from all of the ?seudomonas strains thus far 
examined. 

The isolated protein fraction obtained from the Sephadex G-100 
separation of NC of Pseudomonas type 2 when analyzed by SDS-PAGE showed 
peptidoglycan and polysaccharide as well as the -Hi-labeled proteins. 
The molecular weights of these proteins were very similar to those found 
in the NC. Differences, however, between purified protein preparations 
and NC proteins were found.  A nonradiolabeled preparation of NC from 

showed major protein bands at 60,000, 55,000 
isolation and purification of the protein 

ere at 60,000 and 41,000 daltons respec- 
y result from conformational changes caused 
o denaturing solvents during purification. 

is caused no shift in Rf but washing with 

£. aeruginosa immunotype 
and 25,000 daltons.  A' 
from the NC the majc 
tively. These diffe 
by exposure of the pr 
The desoxycholate bufK 
ethanol has. 

In order to compare membrane proteins of the seven Pseudomonas 
immunotypes, NC prepared from a representative strain of each of the 
immunotypes was subjected to SDS-PAGE and stained for protein and 
carbohydrate. Major protein staining bands were seen at 60,000, 55,000 
and 24,000 daltons in all the immunotypes except type 3 where there 
appeared to be only two major bands at 57,500 and 24,000 daltons. 
Native complex from each of the seven immunotype strains contained 
minor protein bands corresponding to the 100,000 and 18,000 dalton 
proteins found in the radiolabeled preparations.  Carbohydrate stains 
of duplicate gels indicated that these 100,000 and 18,000 dalton 
proteins were probably glycoproteins and that for immunotypes 2 and 6 
the 68,000, 60,000 and 55,000 dalton proteins were probably glyco- 
proteins as well. 

Reactions of purified antigens with antisera.  To investigate the 
Immunologie specificity of cell surface reactions a solid phase radio- 
immunoassay was employed.  The method consisted of drying antigens in 
the wells of flexible polyvinyl microtiter plates (Cook Engineering Co., 
Alexandria, Va.) overnight, adding dilutions of antisera to be assayed 
and incubating 2 hr at 370C.  After rinsing the wells 10 times with tap 
water, goat anti-rabbit globulin (Nutritional Biochemical Corp., 
Cleveland, Ohio) radiolabeled (ll25) by the lactoperoxidase method was 
added in a concentration previously determined by block titration. 
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Incubation at 370C was again following by rinsing.  The wells were 
then cut out and assayed for radioactivity in a gamma counter (Nuclear 
Chicago, Chicago, 111.)-  The serum titer was defined as the highest 
dilution of serum which still yielded three times the amount of radio- 
activity found as background in antigen coated wells to which no anti- 
sera were added. 

Native complex preparations from each of the seven immunotypes 
were tested for their ability to react with rabbit antiscra made 
against each of the agglutination types. The results of assays 
performed with rabbit antlsera raised against boiled organisms are 
shown in Table 1. 

Table 1.  Cross-reactions among Pseudomonas aeruginosa immuno- 
types by radioimmunoassay. 

Immunotype of 
native complex 

Reciprocal titer of indicated antiserum 

1 

2 

3 

4 

5 

6 

7 

2048 32 64 64 32 32 64 

1024 1024 64 128 64 64 32 

256 1024 2048 64 64 64 64 

256 1024 1024 1024 32 32 64 

256 256 512 1024 1024 32 16 

256 256 256 256 512 1024 64 

128 128 256 128 128 256 512 

As expected, each antiserum reacted to the highest titer with the NC 
antigen prepared from the homologous organism, eg. antiserum 1 reacted 
to the highest titer with NC 1. The low level cross-reactivity (1:^2- 
1:64) between all the antigens was partially accounted for on the basis 
of prevaccination titers and nonspecific binding (albumin control). An 
unexpected finding, however, was that all the major cross-reactions 
were one-way cross-reactions.  For example, in Table 1 note that while 
antiserum to P. aeruginosa immunotype 1 reacted in high titer with NC 
from immunotype 2, antiserum raised against I\ aeruginosa immunotype 2 
organisms did not react to any significant degree with NC extracted 
from immunotype 1. When the experiments were performed using rabbit 
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antfserum raised against live organisms essentially the same results 

were obtained. 

Pyocin recep'wOrs. A series of experiments were carried out to 
identify the antigen(8) of the cell wall which serve as pyocin 
receptors. Pyocins were extracted by the method of Farmer [4]. 
Assays for pyocin activity used a replicator apparatus as described 
by Baltimore [5]. Pyocin absorptions were performed by mixing an 
equal volume of absorbing material with the pyocin to be tested, 
followed by Incubation at 370C for 30 mln and overnight in the 
cold.  Serial two-fold dilutions were made in Gey's solution 
(Microbiological Associates, Bethesda, Md.) and assayed for pyocin 
activity. LPS and protein concentrations in  the absorbing solutions 
were 5 mg/ml. 

Absorption of three different pyocin extracts prepared from 
standard pyocin producer strains A, D and E with purified cell 
membrane components from P. aerufilnosa agglutination type 4 removed 
pyocin activity against type 4 P. aeruginosa (Table 2). 

Table 2. Pyocin activity following absorption of pyocin 
extracts with Pseudomonas antigens. 

Absorbing material Pyocin A Pyocin D Pyocin E 

Nothing 1024 1024 1024 

Native complex from 
Pseudomonas type 4 

Protein from 
Pseudomonas type 4 1024 512 1024 

LPS (phenol extract) 
Pseudomonas type 4 1024 

LPS  (Parke-Davis) 
Pseudomonas  type 4 

Pyocin activity expressed as  reciprocal of highest dilution 
of pyocin able  to kill Pseudomonas type 4. 

Native complex and LPS absorbed the pyocin activity from the extracts 
while  the purified protein did not.     The different  activities of  LPS 
(phenol extract)  and LPS  (Parke-Davis) against pyocin D remains 
unexplained.    Pyocins A,  D and E uad no activity against P.   aeruginr 
agglutination type 2.    Native complex,  protein,  LPS  (phenol)  and  LPS 
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(Parke-Davis) from P. aeruglnosa agglutination 2 were generally unable 
to absorb the activity of pyocins A, D and E against agglutination 
type 4, Implying specificity of the absorptions. There was one 
exception; Pyocin A, but not D or E, was absorbed by Parke-Davis 
immunotype 2 LPS indicating an available receptor for a pyocin 
from producer strain A in this antigen or nonspecific adherence 
with this particular preparation. 

Discussion: 

The function of the outer membrane proteins is currently unknown. 
They undoubtedly play a structural role as suggested by Laton   [1]  and 
may also be important in specific immunity.  In an attempt to study 
the Immunologie specificity of cell surface reactions, NC was prepared 
from each of the seven P^. aeruglnosa Immunotype strains which had 
previously been identified by a series of cross protection studies in 
mice by Fisher, Devlin and Gnabasik [6]. These NC preparations were 
then tested for their ability to specifically react with rabbit anti- 
sera prepared against each of the serotype organisms in a solid phase 
radioimmunoassay.  The results are consistent with the hypothesis that 
each of the seven serotype organisms has a major type specific 
antigenic determinant on its surface available for interaction with 
antibody and two or three other antigenic determinants which are not 
available for antibody binding presumably due to steric hindrance. 
For example, immunotype 2 organisms are postulated to have antigen 
2 on their surface available for Interaction with antibody and, in 
addition, antigens 3 and A available to stimulate antibody synthesis 
in a rabbit but rather inaccessible for antibody binding reactions. 
These data are consistent with the finding that serum from patients 
convalescing from j\ aeruglnosa infections will frequently have 
significant levels of hemagglutlnating and gel precipitating anti- 
bodies against multiple LPS antigens, even though the patients' 
bacteriological isolates agglutinated strongly with only one type 
specific antiserum [7]. 

Besides Immunologie specificity a4:  the cell surface there is also 
pyocin receptor specificity which can be used as an epidemiologic 
tool.  The results presented here using uncharacterized pyocins tend 
to confiriii that LPS ir  serve as a receptor site for pyocin while the 
protein containing fraction does not appear to have receptor activity. 
This is in contrast to certain colicins (Lß, E2 but not K) where the 
receptor appears to be a 60,000 molecula': weight protein extracted 
from the envelope fraction of colicin sensitive Escherichla coll 
cells [8]. ~       ""  

The isolation and characterization of cell envelope components 
from P. aeruglnosa has enabled us to begin investigating interesting 
relationships between pyocins and their receptors, serological cross- 
reactions between immunotype groups and the role of proteins and other 
antipens in opsonization. 
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II. Gonococcal Infections 

A.  Serrloglc typing of gonococcl• 

Despite the fact that Nelsserla gonorrhoeae has been known 
to be associated with venereal diseases for more than 50 years little 
more than the broad general aspects of Its epidemiology are known, In 
part because an acceptable means of strain differentiation remains to 
be devised. With this In mind, a bactericidal test and a hemagglutl- 
nation system using endotoxln antigens were examined. 

1.  Bactericidal typing system.  A bactericidal reaction 
assay has proven meaningful as a classification scheme and an 
epldemlologic tool for studying menlngococcal diseases [9,10,11]. 
Recently, a similar assay for examining gonococcal antigens was 
devised [12]. In the present study we have adapted this test using 
menlngococcal antlsera to examine certain clrcjmscrlbed aspects of 
gonococcal epidemiology. 

Methods: 

Gonococcal strains? rabbit antlsera, complement, bactericidal 
test.  The gonococcal strains, antlsera, complement and the 
bactericidal test have all been previously described in the 1973 
Annual Report. 

The minimal inhibitory concentrations (MIC) for penicillin, 
tetracycllne, erythromycin, gentamicin and clindamycin were 
determined using an agar dilution technique. Briefly, increasing 
concentrations of the antibiotics were incorporated into GC media 
with defined supplement and the gonococcal strains were Inoculated 
with a Lidwell replicator apparatus. The lowest concentration 
which inhibited the growth of the organisms was recorded as the MIC. 

Results: 

Rabbit antlsera raised to meningococcl were capable of killing 
most N. gonorrhoeae in the presence of excess complement.  By 
absorbing these antlsera with various heterologous menlngococcal 
strains, further differences between gonococcal strains could be 
discerned (Table 3). 

When strains from three pairs of consorts were examined, two 
pairs were found to be the same (Table 3, strains 198 and 199, 
strains 152 and 154) and one pair (strains 129 and 130) appeared 
to be different.  In order to test whether the latter were Indeed 
different antlgenlcally, antlserum was raised to strain 129, and 
then absorbed with strain 130. All of the bactericidal activity 
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against strain 130 was removed but the absorbed serum was still 
capable of killing strain 129. 

Since the original results were obtained on organisms which had 
been transferred a number of times, the test was repeated using 
organisms lyophilized after the second laboratory passage.  This 
would minimize any antigenic alterations related to passage on 
artificial media. Also, the same lots of GC media and complement 
were used in order to eliminate these factors as possible variables. 

The MIC's of all paired strains were also simultaneously 
determined for five different antibiotics (Table 4). The MIC of 
penicillin of strain 129 differed significantly from the MIC of 
strain 130. 

Two pairs of strains were isolated at different times from the 
same patients. One patient had been treated with 4.8 million units 
of aqueous procaine penicillin at the time of the first culture and 
was negative for N. gonorrhoeae on follow-up cultures of the cervix 
and rectum. She returned six weeks later and her cultures were 
again positive for N. gonorrhoeae. When these strains (187 and 197) 
were examined in the bactericidal system they were found to be 
different. Their MIC's to tetracycline and gentamicin also differed. 

The second patient was treated similarly but an intrauterine 
device (IUD) was left in place.  Although she became afebrile and 
felt well, she continued to have a vaginal discharge. She returned 
five weeks later when her husband developed acute gonorrhea.  Her 
strains (170 and 180) were the same as determined by the bactericidal 
assay (Table 3) and antibiotic sensitivities (Table 4). I 

Discussion; 

Antigenic differences between strains of N. gonorrhoeae can be 
distinguished using a bactericidal assay employing meningococcal 
antisera [9]. A similar bactericidal system using gonococcal anti- 
sera was described by Ward and Glynn [13]. They were able to 
divide 60 gonococcal strains into four broad but overlappings groups. 
By absorbing antistra raised to one gonococcal strain by another 
strain, antigenic differences could be further defined [12]. 

Using this system five pairs of strains were examined which on 
epidemiological grounds raised questions as to whether or not they 
might be the same. Three pairs were identical and two were not. 
These results were verified by antibiotic sensitivity patterns and 
bacterial absorption studies on one pair. 
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The use of a bactericidal atsay as a typing system, however, has 
several limitations.  First, It Is unlikely that all of the antigens 
Involved In the bactericidal test are represented by Che test sera. 
For example, In previous studies [12] it was shown that absorbing 
antl F-62 with 104 organisms did not remove all of the bactericidal 
activity against F-62 suggesting that an antigen not shared with 104 
was present on F-62. All meningococcal sera killed strain 104 and all 
but one of the meningococcal sera killed strain F-62.  If the unshared 
antigen was represented by a meningococcal antiserum, then that serum 
would have killed F-62 but would have had no effect on strain 104. 
Since this situation did not prevail, that antigen was not represented 
in this typing scheme. Just how many sera would be necessary to 
uncover all of the possible relevant antigens is only conjectural at 
this time. 

Also, rabbits naturally acquire antibodies against cross-reacting 
antigens shared by other Neisseria species as well as non-Nelsseria 
species.  This raises the likllhood that each antiserum may be unique 
in terms of its reactions and may not be readily duplicated when 
different lots of antisera are employed, even though they may be made 
to the same antigens. Therefore, strains tested with the same lots 
of antisera may be compared, while those tested with different lots 
can not. 

Finally, the bactericidal test is a complicated and cumbersome 
system.  The source of complement as well as the media, environmental 
conditions, and growth rates can each influence the bactericidal 
titers. An elaborate system of controls is, therefore, necessary and 
strains to be compared should be tested at the same time. 

Despite these limitations this system lends itself very well to 
studying certain situations, such as limited epidemics and recurrent 
infections in an individual or consorts. 

2.  Endotoxin-hemagglutination. Maeland [14], using various 
endotoxin preparations as antigens, absorbed antisera and an hemagglu- 
tination assay, was able to classify gonococci with six distinct 
groups.  An attempt to expand upon this phenomenon as a potential 
gonococcal typing system was undertaken. 

Methods: 

Rabbit antisera were prepared as described  previously  (seven 
injections of  live organisms)  or by  injecting = 1x10' washed,  boiled 
organisms by  the same schedule. 
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Alkali treated endotoxin, phenol water endotoxin and endotoxin 
from boiled organisms were prepared by methods previously described 
U4,15]. 

Hemagglutlnation tests were performed by methods previously 
described [14,15]. 

Antisera were absorbed with boiled organisms or intact organisms 
(approximately 1 gm wet weight/cc) at 37° for 1 hr, then in the cold 
for 1 hr. x 3. 

Results: 

The HA titers for the various endotoxin preparations are shown 
in Table 5.  The highest titers were obtained using the boiled endo- 
toxin as antigen and this preparation was used thereafter. 

In table 6 are listed the titers of antisera vs. various gono- 
coccal endotoxins. Not only were significant cross reactions 
observed but homologous titers were not always greater than heter- 
ologous. These antisera were then absorbed with boiled heterologous 
strains and retested. Following absorption with a single strain, HA 
titers of each serum fell to <1:8 against the homologous and all other 
endotoxins shown in Table 6 with only occasional exceptions. This was 
true when each strain shown in the table was used for absorption. 

Discussion: 

These results show a great deal of antigenic cross reactivity 
among the endotoxins of the five gonococcal strains tested and the 
differences are not dissimilar enough to be readily discerned by HA 
test. Thus, our results are at variance with those of Maeland [14,15]. 
It should be pointed out that these strains have been shown to react 
differently in the bactericidal test. The results may be interpreted 
as suggesting that the antigens responsible for the bactericidal 
specificity are not endotoxins alone.  Indeed, other studies [12] 
have shown that purified protein and endotoxin together were required 
to completely inhibit serum bactericidal activity. Neither purified 
antigen used alone was completely inhibitory. 

B. Attachment of gonococci to epithelial cells. 

Organisms which possess fimbrae or pili have an increased 
capability of sticking to mammalian cells and causing agglutination 
[16].  Punsalang and Sawyer [17] demonstrated that piliated gonococci. 
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Table 5.     Hemagglutlnatlon titers of rabbit antigonococcal 
antlsera against erythrocytes sensitized with 
various homologous endotoxln preparations. 

Alkali 
endotoxin 

Boiledl 
endotoxin 

Rabbit antisera liter liter 

Phenol water 
endotoxin 

liter 

101 boiled 4Z 512 
101 WB3 4 128 

104 boiled 2 64 
104 WB <2 16 

108 boiled 8 64 
108 WB 4 32 

120 boiled 2 1024 
120 WB 4 1024 

125 boiled 16 1024 
125 WB 4 1024 

8 
128 

8 
ND 

32 
ND 

8 
ND 

32 
ND 

1 Lot H-l 

*•  Reciprocal titer 

^ Whole organism 
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Table 6. Reciprocal HA tlters of antlsera vo. erythrocytes 
sensitized with endotoxln from various organisms. 

Gonococcal endotoxln 
Antlsera 

(unabsorbed^ 101 104 108 

101' 

104 

108 

120 

125 

1 Lot H-3 

Antlsera to whole organisms 

571 

120 125 

512 128 16 256 2048 

2048 128 32 256 2048 

1024 256 128 512 2048 

256 128 32 128 1024 

2048 2048 512 2048 2048 

IhlllllllllllMrMllliiMillM»^. ....^...„...^„-,1,^ 
iu— —"iiiiiliniilWÜ mm 



mm mmm**mmim* ■•• mmim • 

(colony types T^ and T2) adhered to human buccal epithelial cells in 
greater numbers than nonpiliated organisms (colony types T3 and T^). 
This attachment could he Inhibited by rabbit antisera raised to 
piliated organisms and to crude pili preparations. 

We have examined a) inhibition of gonococcal adherence by human 
genital secretions (local antibody), b) the specificity of the 
adherence using rabbit and human serum antibody and c) the antigen(s) 
involved. 

Methods: 

Epithelial adhesion. Human buccal epithelial cells were washed 
five times.  Equal volumes of epithelial cells, 1:40 dilution normal 
human serum, antiserum or secretion and test organisms were mixed and 
incubated at 37° x 20 min in a rotary shaker.  Smears were prepared 
and examined unstained by phase microscopy. Adherence was considered 
positive when >80% of buccal cells had 20 or more attached organisms. 

Inhibition of adhesion (EAI):  EAI was carried out by mixing 
equal volumes of inhibiting material with antiserum and incubating 
at 37° x 20 min before serially diluting the mixture and adding 
organisms as above.  Smears were read as positive for attachment when 
>50% buccal cells had bacteria on them (controls were required to 
have >80% as above).  Preparation of native complex from gonococci 
was previously discussed (Annual Report 1973) .  Crude gonococcal pili 
were isolated by suspending gonococci in saline, blending at top 
speed in an omnimixer, centrifuging and adjusting the supernatant 
first to pH 4.0 with HC1 x 36-96 hrs, then to pH 7 with NaOH and 
reprecipitating with MgCl2 0.1 M repeated four times.  Collection of 
genital secretions was described before (Annual Report 1973). 

Results: 

Rabbit studies.  Antisera raised to piliated organisms and then 
absorbed with nonpiliated organisms inhibited the attachment of 
piliated gonococci to epithelial cells (Table 7). The highest 
dilution of antiserum which inhibited the attachment was greatest in 
every instance against its homologous organism with the exception of 
anti-101.  These results were highly reproducible. 

In order to identify the antigen responsible for the epithelial 
attachment attempts to block the EAI were carried cut using gonococcal 
native complex and a crude pili preparation (Table 8). The native 
complex had no significant effect on gonococcal attachment. The crude 
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KJ Table 7.  Inhibition of epithelial cell adhesion (EAI) 

Organii sms 

Rabbit antisera 9 101 104 108 120 125 

Anti 9 161 2 2 <2 <2 2 

Anti 101 <4 512 64 16 512 256 

Anti 104 <4 <4 64 <4 <A <4 

Anti 108 4 8 4 32 4 2 

Anti 120 4 8 2 32 8 

Ant'. 125 4 8 8 <4 1024 

Reciprocal titer 

Table 8.  Blocking of EAI with various antigen preparations . 

antisera 

Inhibiting antiger i preparation 

Rabbit None NC1 Crude pili 

Anti 104 

Anti 120 

Anti 125 

Anti 108 

Anti 101 

32x 

32 - 64 

512 

32 

>256 

16 

32 

256 

ND3 

ND 

<1:4 

8 

<1:4 

4 

16 

- Each antiserum was tested against homologous antigens only. 

•^ NC = native complex 

' Reciprocal titer 

J ND = not done 
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pill preparation consiatently lowered the inhibiting titer. 

Antisera raised to boiled organisms were incapable of blocking 
the EAI of the homologous organisms. 

Human studies.    Vaginal secretions were tested for their ability 
to inhibit epithelial adhesions  (Table 9).    Four of five secretions 
inhibited adhesion of  the homologous organism.    The highest titers 
were in those secretions concentrated    10-15 fold  (13A and 136). 
Inhibition of heterologous  cganisms rfas  significantly less. 

Normal vaginal secretions not only failed to inhibit but had 
an additive effect on epithelial sticking,  Increasing the number 
of adherent organisms by as much as 1.5-2 fold,  ie.   30-40 cells vs. 
50-60 cells. 

Discussion; 

These preliminary data suggest that pili from various gonococci 
are antigenically different if,  indeed, pill are responsible for the 
adhesion.    These studies are a variance with those of Buchanan [18] 
who found that fluorescein conjugated antisera made  to pili were 
capable of staining homologous and heterologous piliated strains 
but not their nonpiliated counterparts. 

Studies  to  further define  -he antigens  involved as well as the 
class of antibody are underway. 

C.    Gonococcal antigens:     immunological studies . 

Gonococcal infection elicits human humoral antibody 
responses  [18,19,20,21].    The antigens to which antibodies are 
directed are not well characterized.    Using an indirect  immuno- 
fluorescent antibody   (IFA)   assay gonococcal native complex  (NC) 
and cell membrane protein antigens were examined for their reactions 
with serum antibodies. 

Methods; 

IFA was performed by standard methods (Annual Report 1973), 
whole gonococcal organisms serving as ehe test antigen.  Inhibition 
studies were carried out by incubating an equal volume of the NC or 
protein with the human antiserum for 30 minutes at 370C, followed by 
serial dilutions of the serum In the usual manner. 
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Results and Conclusions; 

The results are shown In Table 10. In Infected patients both the 
protein and NC reduced serum IFA titers. They had no effect when 
tested with a normal human serum pool. However, one laboratory 
volunteer (CP) had a significant fall in titer after absorption with 
the protein antigen. NC reduced the titer in vaginal secretions of 
the two patients studied but the protein antigen had no effect against 
the one secretion which was tested with this material.  Although few 
specimens were tested the results suggest that NC and cell membrane 
proteins appear to be important in inducing a human serum antibody 
response. Gonococcal native complex appears to be an important 
antigen against which IgG in vaginal secretions is directed. Further 
studies are planned to determine the extent to which infected and 
noninfected persons show antibodies to these antigens and whether 
other immunoglobulins are directed against the same antigen in local 
secretions. 

D.  Studies with chick embryos. 

Introduction: 

A major obstacle in studying the pathogenesls and immunology of 
Nelsseria gonorrhoeae has been the lack of a suitable animal model. 
Many investigators, however, have shown that gonococci are capable 
of infecting chick embryos [22,23,24,25,26]. We havj studied this 
model as a potential system for studying protective antigens. 

Mathods; 

Seven, eight, nine and ten day old chick embryos (CE) were used. 
Dropped allantoic membranes were Inoculated with organisms harvested 
from solid medium after 16-18 hrs growth and suspended to appropriate 
concentration of live organisms in buffer or NaCl. 

A pool of rabbit antisera, heated to 50oC x 30 min, was used for 
neutralization studies. 

Results: 

Effect of serial passages in CE: Gonococcal strain lOlT^ was 
passed 12 times and strain 104T1 was passed 23 times (CE to agar, 
to CE, to agar) with no increase in virulence, ie. 103 organisms 
killed 30-50X of inoculated embryos after four days incubation after 
few or many passages. 
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Table 10.  Inhibition of IFA1 with GS9 native complex and protein. 

Case No. 

Inhibitors 

Specimen None Protein NC5 

Patient serum 1532 2564 64 16 

Patient serum 2012 512 64 64 

Normal serum CP2 256 65 ND6 

Normal serum Pool2 128 128 128 

Vaginal secretion 26893 4 4 <2 

Vaginal secretion 26323 4 ND <2 

1 Against GS9 as antigen 

2 Antihuman globulin conjugate used. 

3 Vaginal wash - antihuman IgG conjugate used 

4 Reciprocal of IFA titer 

^ NC = Native complex 

6 ND * Not tested 
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Antibody protection:     The pffect  of pooled rabbit antlsera In 
protecting chick embryos  is shown in Table 11. 

Table  11.    Antibody protection of chick embryos. 

Gonococcal      Inoculum      Experimental 
strain size group No.  dead/No.  injected      % dead 

ICKt lO1 

101 io- 

108 10' 

Serum + org. 22/53 

NaCl + org. 29/52 

NaCl + serum 10/A1 

Serum + org. 8/32 

PBS + org. 12/26 

PBS + serum 2/26 

Serum + org. 21/26 

PBS + org. 24/29 

41 

58 

19 

25 

46 

7.5 

80 

83 

Against  the less virulent  strains 101 and 104,  slight protection was 
afforded.    Against strain 108 no protection was observed.    No 
differences were seen when 7,   8,  9  and 10 day old embryos were used. 

Discussion: 

Bang  [24],   in 1941,   reported an  increased virulence  for chick 
embryos after 31-35 passages and Walsh  [25]  reported similar results 
after  15 passages,  using  inducement of urethritis  in human volunteers 
as a determination of virulence.    We  could document no increased 
virulence for chick embryos in  two strains after 12 and  23 passages 
in the manner described. 

Strain 108 appeared  to be particularly virulent  for  the chick 
embryos.     It is  interesting that  the embryos receiving the less 
virulent organisms were protected. 
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E.     Inhibitory Llplda. 

Bacterlocin production haa been described in both Neisaeria 
menlngitidis and Neiaseria gonorrhoeae.    Typing schema utilizing 
sensitivity to these neisserlal bacterlocins as a basis for the intra- 
specific classification of  these species have been described but have 
gained little application.    Production of bacteriocin-llke substances 
was observed among strains of N.   gonorrhoeae which were being studied 
to detect bacterlophages and for sensitivity to rough specific 
bacteriophages.     Using classical bacterlocin cross-streal   methods,  a 
number of strains were studied  for both production of and  sensitivity 
to gonococcal bacterlocins. 

The results of  these studies were disappointing,  sensitivity to 
bacterlocins was highly variable and all strains appeared  to produce 
substances  inhibitory to at least a  fev gonococcal strains.     Attempts 
to optimize bacterlocin production by modification of the  growth 
medium's buffering capacity and varying glucose or amlno acid 
concentration resulted in a slight  improvement.     Attempts  to detect 
bacterlocin activity in the supemates of broth cultures of 
bacterlocin producing strains were negative even after such cultures 
were  induced with mitomycin C. 

A few salient observations  could be made from these different 
experiments.     Strains having bacteriocin-like activity were for  the 
most part sensitive  to their products;  a situation markedly different 
from that seen in other genera.     Bacterlocin activity was observed 
only in cultures grown on solid media and could be best demonstrated 
when such cultures were killed with chloroform prior to  their removal 
from the agar surface.     In addition,  all strains demonstrated 
Inhibitory activity after chloroform treatment.     Our inability  to 
demonstrate bacterlocin activity  in the supemates of induced or 
unlnduced broth cultures and lack of  immunity of strains   to  their own 
products suggested  that inhibition was not the result of bacterlocins. 
The marked enhancement of activity produced by chloroform  treatment 
suggested that toxic cellular components,  possibly lipids,  were 
released either by solubilization or by cell lysis. 

The role of chloroform in liberating bacteriocin-llke  inhibitory 
substances was tested by extracting 20 different  strains  of 
N.  gonorrhoeae using the Folch chloroform-methanol lipid  extraction 
procedure.     These extracts were  tested  for activity by preparing 
antibiotic  filter paper discs soaked with the extracts or  thin-layer 
chromatograms of  the extracts and overlaying them with semi-solid 
agar suspensions of  the same strains.     Thin-layer chromatograms 
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showed Inhibition over areas tentatively Identified with llpld and amlno 
acid detecting reagents.    Using disc preparations,  the extracts demon- 
strated a spectrum of activity against gonococcal strains as summarized 
In Table 12. 

Table 12. 

Indicator 
strain 

Activity spectrum of Folch 
gonococcal extracts on selected 
gonococcal Indicator strains. 

Extract of strain 

17 20 16 

3 + + + 

13 + + + 

10 + + - 

12 + - + 

11 + - - 

+ = Zone of Inhibition 

- = No Inhibition 

The differential sensitivity of indicator strains to chloroform- 
methanol extracts Indicate that patterns of sensitivity to such 
extracts could be useful as a method of Intraspeclfic classification 
of N.  gonorrhoeae strains. 

At present work is underway to confirm and expand the potential 
of chloroform-methanol extracts to distinguish strains of N.  gonorrhoeae 
and to determine their activity against other species of Neisseria and 
other bacterial genera.    Work is also underway to separate and character- 
ize fhe active component(s)   in the extracts,  the manner in which they 
act on live gonococcal organisms so as to provide a rational basis for 
selecting compounds of potential value In the treatment or prophylaxis 
of gonorrhoea. 

A tissue culture model  for Neisseria 

In spite of the prevalence of clinical gonorrhea too little Is 
known about the pathogenlcity of  the gonococcus  (GC)   for the development 
of an effective control.    A major research problem has been the lack of 
a suitable animal model in which the Immunologie aspects of this disease 
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might be studied,    GC Infected tissue cultures  (TC) were,  therefore, 
investigated in an attempt to duplicate known parameters of GC 
Infection in vitro.    Of particular interest  to this laboratory would 
be the use of this model to study the factors allowing GC to Infect 
hosts which have been previously infected and have high levels of GC 
serum antibodies and immune cellular hypersensitivlty  [27]. 

Two features of GC infection in humans which have been reproduced 
in vitro are 1)   its propensity for developing into the chronic carrier 
state  [28]  and 2)   its ability to penetrate otherwise normal appearing 
epithelial cells of the infected organ  [29]. 

Long term survival of GC in tissue cultures has been established 
[30]  and penetration of tissue culture cells by the bacteria has been 
demonstrated by electron microscopy   [31].     Because this latter tech- 
nique is too cumbersome for any large scale  study a method was developed 
for differentiating intracellular from extracellular bacteria by light 
microscopy.    The penetration of the TC by GC was then studied as an 
Indication of actual Infection of the TC cell. 

Methods; 

General procedures;    GC were grown on GC solid medium.    Suspensions 
containing about 109 organisms per ml of medium 199 In Hanks salt 
solution,  plus 2% fetal calf serum,  were made for infecting TC cells. 
These suspensions were added to the TC and Incubated for the indicated 
length of time at 370C in 5% CO2 atmosphere.    At the end of the 
incubation period peroxidase-conjugated anti GC gamma globulin  (P-anti- 
GC) was added.     After 5 mln further  incubation,  the TC monolayer was 
washed,   fixed and reacted with diamlnobenzldine which specifically 
stains the P-anti-GC brown.    The TC was then counterstained with Giemsa- 

Monolayers were examined by light microscopy.    Bacteria_ which 
were peroxidase negative  (GC protected from reacting with the P-anti-GC) 
were considered to be intracellular.     This  Interpretation has been 
confirmed by electron microscopy. 

At least 200 TC cells were examined and the number containing 
intracellular GC  (positive TC cells) was rated by the following scale: 

less than 1% positive TC cells: 0 

1 to 5% positive TC cells: + 

6  to 25% positive TC cells: ++ 

26 or greater % positive TC cells: +++ 
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Tlsaue culture cell lines;    Except for human amnion (HA) cells, 
the cell  lines used were kept in continuous growth in this laboratory 
using standard tissue culture techniques except that no antibiotics 
were used in the media.    Primary cultures of HA cells were prepared 
here or were obtained from HEM Corp.,  Bethesda, Md. 

Conjugated gamma globulin:    Rabbits were immunized with GC  (grown 
in medium 199 plus 10% normal rabbit  serum)  plus Freund's  complete 
adjuvants.     IgG was separated from the rabbit, serum by ion exchange 
chromatography and conjugated to horseradish peroxidase by the method 
of Avrameas and Ternynck  [32]. 

Results: 

As indicated in Table 13, several TC lines were infected with 
GC. TCs were processed at regular Intervals between one and 72 hrs 
of incubation with bacteria in order to determine the time of first 
penetration. All TC lines showed eventual penetration and no 
difference was detected in TC cell penetration among the three strains 
of GC tested on BHK and HA cells. Although not indicated in this 
table, both Ti and T4 colony types were tested against each TC line 
with no reproducible difference in ability to penetrate TC cells being 
detected.  In addition to the time periods Indicated in Table 13 
infected BHK TCs were maintained for up to one month without complete 
destruction of the TC or loss of viability of the bacteria. 

In addition to GC both Neisseria cararrhalis and Neisseria 
meningitidis were tested and found to penetrate the TC cells. 

Negative controls are shown in Table 14. Killing the bacteria by 
heating them to 560C or cooling to 40C destroyed their ability to 
penetrate TC cells  Inactivating the TC cells phagocytic mechanism 
with cytochalasin also prevented penetration of the TC cells. 

The results of our initial investigation into the protection 
from antibody afforded a bacteria once it has penetrated a TC cell 
are indicated in Table 15.  The bacteria were allowed four hours to 
penetrate the TC cells and then P-anti-GC was added^to the TC media. 
The TCs were incubated for one-half to four hours longer and then 
processed.  Small peroxidase positive vacuoles were found in the cells 
beginning at one hr and a sharp reduction in the number of peroxidase 
negative or "protected" intracellular bacteria occurred at two hrs and 
four hrs . 

In order to more closely approximate a human infection with GC 
human serum was substituted for fetal calf serum and a line of human 
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Table 14.     Inhibitors of tissue culture penetration by gonococcl   . 

Bacteria heated 560C for 30 min. — No penetration 

Bacteria refrigerated A0C for 18 hrs. <  No penetration 

Tissue culture treated with Cylochalasin B   No penetration 

1 GC strain 230 Tj^ and BHK cell cultures used. 

Table 15.     Time course of reaction of intracellular GC with 
peroxidase conjugated anti GC Y-glohulin^. 

Peroxidase neg. 
Time of incubation Peroxidase detected intracellular 
with antibody (hr) in TC cells bacteria 

1/2 None +4+2 

1 Small amount +4+ 

2 Moderate amount + 

4 Moderate amount 0 

1 GC  230 T,   infection of BHK cells  used. 

2 "+"  indicate relative numbers of  TC cells containing 
bacteria not  reacted with peroxidase. 
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cells,  HR-6, was used.    The results are summarized In Table 16. 

Table 16.     The role of human serum on the penetration of HR-6 
cells by GC^ colony types Tj  and T4. 

Serum 
donor 

Colony 
type 1:10 1:20 1:80 1:320 1:1280 

WR 

fresh 

WR 

heated-' 

JS 

fresh 

BB 

fresh 

1 Strain 230 used. 

2 "+" indicates relative numbers of TC cells penetrated by bacteria 
as explained in the text. 

3 Serum heated to 560C for 30 min. 

The pathogenic colony type of GC, T^, w. .-   lound to penetrate the TC 
as before, whereas the nonpathogenic colony type, T4, did not. 

Discussion: 

These experiments have demonstrated that GC penetrates tissue 
culture cells and that this process requires an active role on the 
part of both the bacteria and the TC cells.    Also,   the GC-TC 
parasitism can persist for at least one month.    Although antl-GC 
antibody does not rapidly diffuse across  the TC cell membrane to 
combine with the  intracellular bacteria,  P-anti-GC iramunoglobulins 
are taken into the TC cell and eventually combine with the intra- 
cellular bacteria.     This conclusion is  supported h.    1 by  the 
observations presented here and by data  from »l^vnon microscopy 
performed  on  the same materials.    Finally,  when  human serum was 
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used in the incubation media only GC colony type 1 penetrated the TC 
cells. 

This model, therefore, reflects three known aspects of human 
infection with GC. First, epithelial cells of the infected organ 
are invaded by the GC [31]. Second, GC infections can exist in a 
chronic "subclinical" state [30]. Tliird, GC of colony type 1 but 
not of  type 4  are infective  [33]. 

Acknowledgement; 

This work was done in conjunction with personnel in the Depart- 
ment of Experimental Pathology, WRAIR. 

III.     Clinical activities. 

The Department of Bacterial Diseases  supports  clinical infec- 
tious disease  activities  in three areas:     (1)   Staff members make 
rounds as attendings and  consultants to  the  Infectiou»Uisea-    Service, 
WRAMC,  being  "on service" an average of  two months per year.     In 
addition,  telephone and visiting consultations are available at all 
military hospitals   (local and distant)  and civilian hospitals and 
physicians   foi   exceptional problems.     (2)  Teaching   (both bedside and 
lecture)  of   house staff and medical studies.     (3)  Laboratory investi- 
gations related to special clinical infectious disease problems 
encountered. 

The number and variety of clinical laboratory tests performed 
are given in tables  17 and 18.    These two  tables emphasize the scope 
of the support activities. 

Occurrence of bacteremia after esophageal dilatation. 

The objectives of the study were threefold:     1) To determine 
whether bacteremia occurs as a result of esophageal dilatation; 
2)  if bacteremia does occur,  is it associated with particular 
esophageal diseases;  and  3)  is  there any  common causative bacterium. 

When the  three objectives are achieved a determination will be 
made as to the desirability of prophylactic antibiotic treatment 
prior to a patient undergoing esophageal dilatation,  especially those 
patients with impaired health or on a course of immunosuppressive 
drugs. 

At first it was planned to evaluate 50 to 100 patients of the 
Gastroenterology Service, WRAMC undergoing dilatation for bacteremia. 
However,  all of the first 18 patients studied have had bacteremia 
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Table 17.     Summary of specimens processed by the Diagnostic 
Section, Department of Bacterial Diseases - 1973-74. 

Meningococci <  32 

Subacute bacterial endocarditis strains   5 

Serum for gentamicin level  298 

Serum for penicillin level  9 

Serum for clindamycin level  8 

Organisms  tested for antibiotic minimum inhibitory 
concentration (MIC)    46 

Serum for bactericidal testing  36 

j;.  aoreus bacteriophage typing  434 

Throat cultures   80 

Mouse blood cultures  14 

Miscellaneous   77 

Mycoplasma and/or bacterial variants   6 
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Table 18.  Suhacute bacterial endocarditis Isolates, 

Specimen 
No. Patient Causative Agent 

529 Galloghy Pseudomonas spp. 

190 DeQuoy Alpha streptococcus 

886 Clark Alpha streptococcus 
Neisseria sicca 
Bacteriodes spp. 
Unknown anaerobe 

544 Fitz Streptococcus bovis 

587 Bishop Staphylococcus aureus 
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immediately following the procedure. 

Methodology: 

Oral temperatures and throat cultures were obtained initially. 
Blood samples were obtained through a 19 gauge pediatric intravenous 
injection set which was inserted with sterile conditions - operator 
wore surgical gloves; skin site was prepared with Betadine scrub; 
the catheter was protected by a barrier drape.  Samples were taken 
before the esophageal dilatation, immediately after and 5, 10, 15 
and 30 sin. post-dilatation. 

Bacteriologic methods:  0.3 mi of each sample was placed 
immediately on three blood agar plates, spread with sterile glass 
spreaders and one plate each was incubated aerobically under CO-, 
and anaerobically.  All plates were observed for at least one week. 
For all samples, beginning with five min. sample, a blood culture 
mottle was inoculated with approximately 0.3 ml blood.  Each bottle 
which appeared to contain growth was subcultured to MacConkey, blood 
agar and mannitol salt agar plates.  Results of blood cultures on the 
18 patients are given in Table 19. 

When blood cultures were found to contain mainly Bacillus 
subtilis, Staphylococcus aureus and S^. epidermidls, examination 
of the dilator tubes was made.  The first observation was that the 
rubber, mercury-filled dilators of various diameters were carefully 
washed after use but were then hung on the wall until needed. The 
second observation was that although sterile jelly and towels were 
used during the procedure, neither the dilator nor the physician's 
hands were rendered sterile before the procedure.  Therefore, six 
dilators, chosen at random, were each placed in one liter of 
trypticase soy broth and transported to the laboratory for incubation 
at 370C for four hrs.  The tubes were removed and the broth'? were 
further incubated overnight.  Ml flasks exhibited very heavy foul 
smelling growth. 

Subcultures o,:  all six flasks yielded B. subtilis, S^. epidermidls, 
Pseudomonas spp., t. pical mannitol positive, coagulase producing 
j>. aureus and an atypical mannitol negative, coagulase positive, 
pigmented S^. aureus. 

Thus, the bacteremias associated with esophageal dilatation 
appear to be caused by organisms on the dilator itself.  Studies are 
now in progress to reassess the occurrence of bacteremia when sterile 
dilators and sterile techniques are used in the procedure. 
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Table 19.  Time course of bacteremia following esopbageal 
dilatation. 

Patient 
No. Pre 

Minutes 

0-1 10 15 30 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

SE B 

SE - 

SE.B SE 

SE.B B 

SA SA 

SA SA 

- SA 

SA OT 

SE SE 

SE 

SE 

SE 

OT 

SE 

SE - SE.B - 

SE SA OT SA 

SA - SA - 

- SE SE SA.SE 

- SE SE SE 

SE - SA SA.SE 

SE SE SA.SE B 

SA 

OT 

SA 

SA «• Staphylococcus aureus 

SE = Staphylococcus epidermidls 

B = Bacillus subtilis 

OT = Other 
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Summary and recommendatlona. 

The isolation and preliminary characterization of cell surface 
antigens of Pseudomonas aerugiaoga strains has made it possible to 
begin to systematically examine the functions and immunology of 
the individual components.    Gonococcal research directed towards 
development of methods  for serotyping strains has provided data 
which suggest that a bactericidal typing scheme is feasible. 
Attachment of type 1 gonococci to buccal epithelial cells can be 
inhibited by a crude pill antigen.    Rabbit antiserum inhibited 
attachment with some evidence of specificity.    Human vaginal 
secretions from infected patients inhibited homologous but not 
heterologous gonococcal attachment  to buccal cells  in vitro. 
Purified gonococcal cell wall antigens are being studied for their 
Immunologie reactivity using an immunofluorescence assay.     Studies 
of a tissue culture model of gonococcal infection have shown  that 
organisms which have penetrated into mammalian cells can be 
differentiated from surface attached bacteria by means of peroxidase 
conjugated antiserum.     Chronicity of the tissue culture infection 
has been demonstrated.     Normal human serum in the medium prevented 
penetration by colony type 4  (nonvirulent)  gonococci, but type 1 
forms  (virulent) were not inhibited.    Clinical laboratory support 
of infectious diseases  problems has consisted of  identification 
of bacterial strains,   antibiotic sensitivity  tests and serum anti- 
biotic assays.     Patients.undergoing esophageal dilatation developed 
transient bacteremias with organisms  thought  to be  introduced during 
the procedure. 
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Project 3A161102B71Q COMMUNICABLE DISEASES AND IMMUNOLOGY 

Task 00 Connnunicable Diseases and Immunology 

Work Unit l69 Field Studies of Leishmaniasis and Other Tropical Diseases 

Investigators: 

Principal:  Bryce C. Walton, COL, MSC; Larry J. Ackerman, MAJ, VC; 
Larry D. Hendricks, CPT, MSC; Michael E. Hajduk, SFC, 
AMEDD 

Associates:  I. Arjona; SP6 D.D. Broud; J.J. Fuentes; E. Hoyos; 
S.A. Moratz; J.A. Williams ; W.B. Müller 

A. Leishmaniasis 

1.  In_ vitro production of Leishmemia. 

In attempts to produce large numbers of organisms for use in lab- 
oratory investigations, several liquid culture media have been tried. 
It was found that several tissue culture media with 30^ fetal calf serum 
(FCS) added produce optimum numbers of organisms very rapidly. Trials 
with concentrations of FCS ranging from 5%  to QC%  confirmed that 30^ 
is optimal in TC 199> a mammalian cell medium, as well as in Grace's 
insect cell medium and Schneider's modified Drosophilia medium. The 
insect cell media produce exceedingly rapid growth, and much greater 
numbers of organisms than possible in traditional blood agar media. 
In plastic disposable tissue culture flasks containing 5 ml.  of  this 
media incubated at 27 C, populations of 2 x 10° were produced in 5 
days. Several strains of L. braziliensis isolated from humans in 
Panama, L. tropica, and L. donovani, and 2 species from reptiles, L. 
adleri and L. hoogstrali, all grew satisfactorily in this system.  Pro- 
mastigotes of L. braziliensis produced in this fashion appeared to have 
no changes in characteristics from those produced in other media. 
They were infective for tissue culture and rodents, and a laboratory 
accident demonstrated that they could produce a typical leishmanial 
infection in a human. 

It has been shown by others-'--^ that higher temperatures can pro- 
duce rounded-up forms in hemoflagellates which resemble the amastigote 
stage.  In the blood agar medium used, this was achieved only by step- 
wise increases in temperature by small increments spread over several 
generations of parasites.  In these liquid media, change from 27 C to 
3*+ C resulted in conversion to amastigote-like form by the great 
majority of the promastigotes. In Schneider's medium, almost 50^ had 
converted in 2k  hours, but in TC 199» the big change did not occur 
until day U.  A typical conversion experiment is shown in Table 1. 
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If these organisms prove to be de_ facto amastigotes, with the 
biologic characteristics of the intra-cellular parasites, this will be 
a development of major significance. Since amastigotes have heretofore 
been available only as obligate intracellular parasites, the host cell 
has always been a complicating factor.  Easily available extra-cellular 
parasites will permit studies of the parasite not previously possible. 
Two differences between the promastigotes and this amastigote-like form 
have been discovered which suggest a true amastigote character; the 
antigenic character of the cell wall, and differential susceptibility 
to chemicals.  (The second characteristics will be discussed in section 
3a (2) of this report.) The indirect fluorescent antibody test (IFA) 
is based upon staining of cell walls of amastigotes produced in tissue 
culture^. The promastigote form of the same strain has different stain- 
ing characteristics which make it unsuitable for antigen in the IFAT. 
Amastigotes produced extracellularly in TC 199 medium were found to 
have IFA staining characteristics similar to those produced intra-cellu- 
larly in tissue culture when tested against known-positive human sera. 
In a trial of axenic amastigotes as antigen, agreement with results of 
tissue culture-produced amastigotes was excellent both qualitatively 
and quantitatively as indicated in Tables 2 and 3 and Figure 1.. Elec- 
tron microscope studies of L_. donovani and L. tropica by others -^ 
have shown that the amastigote has a double membrane cell wall as 
opposed to a single membrane for the promastigote. It is hypothesized 
that the specific antigen/antibody binding site is the inter-membrane 
area.  Specimens from liquid media are being examined by electron 
microscopy at the Department of Experimental Pathology, WRA.IR, to 
determine if a double membrane is present in the axenic amastigotes. 

2.  Serum antibody response to chemotherapy. 

In prior studies of the effect of treatment on serum antibodies 
(Annual Report 1972) it was shown that there is a reduction in titer 
after successful treatment in the great majority of cases, although 
reversion to seronegativity occurs in only approximately 10^.  There is 
an inverse correlation between the degree of titer reduction and fre- 
quency of recurrence, so that serologic testing has some value for pre- 
dicting the probability of treatment failure.  In the current study, 
efforts are being made to monitor treated patients with specimens taken 
at regular intervals. During this year adequate follow-up through 7 
months post treatment was achieved with three patients who were ini- 
tially treated unsuccessfully with Metronidazole, followed by apparent- 
ly successful administration of Pentostam.  The titer curves are il- 
lustrated in Figs. 2-5. Among these patients, the titer drop tended 
to occur quite early, reaching the lowest level by 5 months. This is 
in basic agreement with earlier information, but some titer fall had 
been seen after 6 months post treatment in a few patients. A slight 
decrease in titer after unsuccessful treatment with Metronidazole was 
seen in one patient (Fig. 5), but in another who suffered an extreme 
exacerbation of a large lesion, it was accompanied by a rise, which then 
fell after successful antimony treatment.  (Fig. 3) 
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3. Systems for screening drugs for anti-leishmanial ac'-ivity. 

a. Ija  vitro systems. 

(1) Vero cell model.  The tissue culture model using a stable 
monkey-kidney cell line infected with L. braziliensis had been found 
adequately reliable to offer promise as a means of screening for anti- 
parasite activity.  (Annual Report 1972) Techniques for administer- 
ing the drug, and handling and staining the infected cell sheets were 
developed and improved. Two major difficulties were encountered: 
First, it was determined that the period of exposure to the drug nec- 
essary to exert a detectable effect was in the order of several days. 
Prior to drug exposure, one or two days is necessary to establish the 
intracellular infection, so the total period for a cell culture test 
is 8-10 days.  In this time, significant overgrowth of the monolayer 
occurs and the parasites are obscured.  Secondly, the extended period 
makes it difficult to schedule tests within the framework of a 5-day 
work schedule, and an appreciable work load for week-ends inevitably 
resulted. When it appeared that axenic amastigotes from liquid media 
might afford a simpler means of demonstrating drug action, further 
work on the Vero cell system was held in abeyance. 

(2) Axenic amastigotes.  The observation that amastigote- 
like forms produced in TC 199 medium (vide supra) had cell walls 
possessing the antigenic properties of intra-cellular parasites and 
not those of promastigotes, suggested they might also have the 
enzyme systems and metabolic characters of true amastigotes.  This 
prompted trials against a clinically effective drug. Four concentra- 
tions of methylglucamine antimoniate (Glucantime) were tested against 
promastigotes and axenic amastigotes of a recent human isolate of L. 
brasiliensis from Panama. At daily intervals, 0.1 ml. aliquots were 
withdrawn from test vessels and inoculated into fresh liquid medium 
which was incubated at 27 C.  The number of viable organisms after 
drug exposure was indicated by the growth of promastigotes in these 
back cultures.  Results of these cultures after a typical i+-day 
exposure are illustrated by Table k.     None of these drug concentra- 
tions produced any lasting effect on the promastigotes. However, 
the amastigote forms were affected by the drug in all but the 
highest dilution.  If this in_ vitro system proves to be a valid 
means of measuring effect of compounds against amastigotes of Leish- 
mania it would have tremendous advantages over an animal model, or 
even a tissue culture model for a primary screening procedure, in 
terms of economy of materials, shorter test time, and ease of in- 
terpretation. Additionally, it would measure direct effect on the 
parasite, and avoid the complicating factor of the drug barrier 
presented by the host cell wall. 

b. Rodent Model. Rodents have been shown to be important 
reservoir hosts for L. tropica in the Old World, and are likewise 
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important hosts in the New World. In the search for an animal model 
for a secondary drug testing system, rodents would appear to be 
likely candidates. The multimammate rat (Meriones) and the labora- 
tory mouse have been used to test drugs in L. tropica infections, 
but only the hamster has been widely utilized for New World Leish- 
mania. However, the slov evolution and lack of discrete lesions, 
make this an unsatisfactory model for extensive drug testing. Of 
wild rodents, Proechimys semispinosus, Sigmodon hispidus and Tylomys 
panamensis are the species which have been experimentally infected 
with L. braziliensis.6-T (Annual Report 1971-72) The following 
numbers of laboratory bred and raised animals were tested for sus- 
ceptibility to recent human isolate of L. brasiliensis from Panama: 
Cavia porcellus (10), Mesocricetus auratus (20), Mus museulus 
(WRAIR strain-20), (MARU strain-20), Rattus norvegicus (WRAIR 
strain-30), (Fischer strain-30), Sigmodon hispidus (liO), Tylomys 
panamensis (15)» and Zygodontomys microtinus (Uo). Half the animals 
were inoculated with promastigotes produced on blood agar medium, 
and half with promastigotes from Schneider's liquid medium. In- 
fection, as evidenced by development of swelling at the site of 
inoculation developed in 20/20 hamsters, 1/10 guinea pigs, 37A0 
cotton rats and 12/15 tylomys. However, lesions persisted more 
than a week only in the hamsters and a few cotton rats, and cultures 
were positive at 60 days only in the 20 hamsters and 5 cotton rats. 
Sigmodon still appears to be the best candidate host, although 
attempts to standardize method of administration, inoculum size, 
age of culture, and passage level of strain did not alter the pre- 
viously observed pattern of sporadic susceptibility to persistent 
lesions. This is interpreted to be the result of genetic varia- 
tion of the Sigmodon population, and a selective breeding program 
of the susceptibles has been instituted. 

1+. Immunity and host-parasite relationships. 

Among the parameters of immunologic response of humans to 
American cutaneous leishmaniasis, the intra-dermal reaction is well 
known, and has long been used as a diagnostic test. We have re- 
ported earlier cell mediated immunity measured by in_ vitro lymph- 
ocyte blastogenesis in patients with current and recent infections, 
as well as seruüi antibody detected by the indirect fluorescent 
antibody method.3 However, the sequence of appearance of these 
events has not been defined. Serum antibody usually appears early, 
within 2 months of evolution of the lesion, as does the intra- 
dermal response.  In our experience, over 90^5 of patients exhibit 
positive skin tests when diagnosis is established.  No information 
is available concerning time of appearance of blast transforming 
ability. 

8 

An accidental laboratory infection where time of infection 
could be pinpointed has recently provided us the opportunity to 
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record these responses in a human subject. A papular cutaneous 
lesion developed about 8 weeks after a scratch from a needle being 
used to inoculate animals. At 77 days (ll weeks) post-infection, 
organisms were cultured from the lesion, and the serologic test 
was positive with a titer of 1:128, but there was no intradermal 
response to leishmanin. At 91 and 59 days, there was no blast 
transformation in the presence of leishmanial antigen. 

Treatment with antimonials was administered, on day 93 through 
99 after infection. When tests were readministered on day Ilk, 
positive results were obtained with both the intradermal and blast 
tremsformation tests. 

5. Cryobank. 

During the year a liquid nitrogen cryobank for the preservation 
of biological specimens has been established at this laboratory. 
The primary purpose was for the preservation of working quantities 
of low-passage level strains of Leishmania to insure standardized 
inocula for drug screening tests. Secondarily, it also facilitated 
the acquisition and maintenance of a variety of strains from other 
areas for comparative studies. As of 15 June 197^> the cryobank 
had kl  stabilates of 12 species and subspecies of Leishmania, repre- 
senting Old and New World forms, 22 stabilates of Leptospira, and 
local isolates of Toxoplasma and trypanosomes. 

B. Angiostrongylus costaricensis 

Abdominal angiostrongylosis of man is a disease entity dis- 
covered in Costa Rica less than 10 years ago," but awareness of its 
existence has prompted a wider search and it is now known from al- 
most 200 cases in that country and in Honduras, and probably 
Venezuela.  The infective cycle occurs naturally among rodents and 
slugs in Panama,  and it is quite likely a human disease here also. 
Studies in the pathologenesis of the infection in rodents and sub- 
human primates have been conducted, using the natural host, Sigmodon 
hispidus, the cane mouse Zygodontonys microtinus , and 6 capuchin 
monkeys (Cebus capucinus) and 12 spider monkeys (Ateles geoffroyi). 

In the cotton rat, the cycle is complete and 1st stage larvae 
are passed at 2h  days after infection. The infectious larvae evi- 
dently penetrate the gut immediately after Ingestion and migration 
could be traced on microscopic examination because the passage is 
marked by linear tracts of bacteria and neutrophilic and eosino- 
philic bacteria.  There was a relatively equal distribution of 
larvae from the duodenum to the cecum, and no larvae were found 
outside the intestinal tract.  On days 3-5, there were eosinophilic 
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granulomas in submucusal eind mesenteric tissues, some containing 
remnants of molted cuticle. On day 6, all rodents had serosal and 
mesenteric hemorrhages adjacent to branches of the cranial mesen- 
teric artery, and young worms were present within the lumen of 
arteries adjacent to these areas. On day 1^» there was a focal 
hemorrhage infarct of the tip of the cecum and several parasites 
within the branches of the cranial mesenteric artery. On the other 
hand, the pattern of infection in Zygodomys was that of an abnormal 
host. The migrating larvae were not confined to the intestinal 
tract, and on day 5 one animal had a hepatic abcess with focal 
fibrinopurulent peritonitis and adhesijn of the liver to the 
serosal surface of the stomach. No parasites were found in the 
arteries, except for a single degenerating worm in a subserosal 
artery of the duodenum. This vessel was surrounded by an intense 
inflammatory reaction of mixed cell type which involved primarily 
the adventitial portion. No patent infection developed. The course 
of infection in both species of monkeys was found to parallel the 
disease produced in the cotton rat. At 21 days post-infection, as 
in the Sigmodon, both Ateles and Cebus had numerous adult worms in 
the branches of the cranial mesenteric artery, the majority located 
in the branches supplying the cecum and ileocecal Junction. First 
stage larvae were present in the feces of Ateles at 30 days post- 
infection, and in the Cebus at 33 days, a finding presently never 
demonstrated in humans. Both species of monkeys developed a severe 
eosinophilic granulatomous typhlitis and enteritis similar to the 
ileitis and appendicitis found in man. One Ateles died from this 
cause at 33 days. One Ateles continued to pass larvae in low num- 
bers until it was killed k63  days after infection.  It is postulated 
that some humans might pass larvae during the infection and even if 
they were detected, a mlsdiagnosis of Strongyloides stercoralis 
would likely be made unless the examiner was familiar with Angio- 
strongylus. 

To determine the effect of reinfection, 2 Ateles were treated 
with thiabendazole (100 mg/kg) cleared of the infection, and then 
reinfected with 2 doses of 25 infectious larvae giver, ik  days apart. 
An additional animal was given 3 doses of 25 larvae each at one 
week intervals.  Surprisingly, the picture in these reinfected 
animals was not significantly different from the response seen in 
an initial infection. 

The tissue reaction found in Sigmodon is very minimal, while 
that found in the monkey is greater than in the natural host, but 
not as severe as found in man. The greatest damage caused by the 
parasite is the interruption of blood supply to vital areas of an 
organ due to mechanical blockage of the vessel by the worm or the 
vast quantities of eggs produced. Occlusion also occurs from fibrin 
clots formed around dead or dying worms. 
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C. Toxoplasma/Isospora 

Judged by the paucity of literature reports, Isospora infections 
in non-human primates are quite rare. An incidental finding of 
oocysts in feces of a recently captured Cebus monkey and efforts 
to identify it, revealed that there are only 6 reports of Isospora 
infections in non-human primates, representing k  species. This 
parasite, Isospora arctopithaci Rhodain, 1933, was redescribed from 
material obtained from natural infections found locally in 5 of 36 
marmosets, Saguinus geoffroyi and 1 of 5 Cebus capucinus and from 
experimental infections.-'■^ When early experiments caused fatalities 
in marmosets, further investigation of this parasite was considered 
justified because of the current and future importance of New World 
primates in medical research. The short sporulation and pre-patent 
periods and direct mode of transmission could cause explosive fatal 
outbreaks if this parasite was introduced into a colony. 

The complete life cycle stages are not known for any of the 
Isosporan parasites of primates; neither the k  species from non- 
humans, nor the 3 species known from humans. A study of this in- 
fection has been initiated, with a total of 1^ experimentally in- 
fected marmosets sacrificed at various times from 1 to 7 days. The 
endogenous life cycle occurs primarily in the duodenum and jejunum, 
and only occasionally are parasites encountered in fie ileum. On 
days 1 through 5 the cycle is schizogonic, with the possibility of 
multiple generations of merozoites occurring vithin the same host 
cell. By day 7, most of the epithelial cells show stages of gam- 
etogeny, and many host cells had 2 developing gamonts within the 
same parasitophorous vacuole. No oocysts were observed. A pink 
proteinaceous hyalin globule appeared adjacent to the macrogamete, 
the nature of which has not yet been defined. The material from 
this series is under study to elucidate the complete life cycle. 

The classical concept of early workers was that Isospora was 
characterized by a direct life cycle and extreme host-specificity. 
When Toxoplasma gondii was found to be an intestinal coccidian of 
felines with the morphological characteristics of Isospora in 
1970,

1
3-1D it was thought to be an exceptional example. However, 

2 other species from felines, I_. rivolta and !_• felis were recently 
shown to infect laboratory rodents in extra-intestinal sites. These 
rodents, when fed to clean cats transmitted the infection.-^ Our 
investigations have demonstrated that I_. arctopitheci also has the 
ability to establish extra-intestinal infections from sporulated 
oocysts in laboratory mice and domestic chickens.  Selected organs 
remc ed from these vector hosts 20-i+0 days post-inoculation produced 
normal infections in recipient coccidia-free marmosets which showed 
a pre-patent period of 7-9 days. 
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The concept of host-specificity of Isosporan parasites has 
never before been questioned.     However,  susceptibility trials with 
I_.  artcpitheci produced patent intestinal  infections  in several 
species  of New World monkeys.     This host  range in primates  is re- 
markable, but its  ability to also infect  several species of wild and 
domestic  carnivores   (Table  5/  makes  it unique among  coccidian para- 
sites.     The ability of this parasite,  and others  of the genus, to 
produce extra-intestinal infections in widely divergent orders of 
vertebrates raises the possibility that they might also produce 
toxoplasmosis-like  infections  in man. 

D.    Miscellaneous  studies 

1. Leptospirosis. 

Because leptospirosis has befu known to occur  in common-source 
outbreaks with high attack rates  in military units  in Panama,  ^ö 

and because cases have been diagnosed every year in spite of in- 
adequate laboratory diagnostic support  services  available,  it was 
considered worthwhile to maintain surveillance of selected FUO 
cases by the hemolytic  leptospira (HL)  test and by  culture  in 
appropriate media      During the period 128 clinically suspect cases 
were referred for  ..Tork-up.     Of these 16  (12.5^) had titers  conaider- 
ed diagnostic  (^1:160)   and from 6  (W),  organisms were isolated in 
culture.     Attack rates were highest among military patients   (10 of 
1+7), but  in all  cases  exposure was associated with recreational 
activities and not military duties.    Of ancillary interest  is the 
fact that adequate laboratory procedures ruled out  leptospirosis  in 
acutely ill patients who were  considered to be most   "typical" on 
clinical grounds.     One of these was subsequently shown to be due to 
Venezuelan equine encephalitis. 

2. Canine disease survey. 

At the request of the Staff Veterinarian, US Army Forces 
Southern Command,  a survey of canine diseases  in the Canal Zone and 
adjacent areas  in the Republic of Panama was  conducted to assess 
risks prior to instituting a patrol dog program.     A total of 250 
dogs was  examined by appropriate techniques to diagnose presence of 
infection by Ehrlichia canis ,  Babesia canis, various  filariids, 
Toxoplasma gondii,  and 86 of these were examined for  intestinal 
parasites.     No evidence of Ehrlichia or Babesia infection was  found 
by direct blood smears,  serologic test  are pending.     Canine filar- 
iasis was  found to be widely  distributed,  in all localities, but 
with only a 5.2^ overall prevalence rate.     Dogs housed indoors at 
night  in the Canal Zone had a very low infection rate.     Over h0% 
had intestinal parasites, but only hookworm, with a prevalence of 
3Q.h%,  constituted a serious  problem.     Serologie tests  for anti- 
bodies to Toxoplasma are in progress. 
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3. Paragonimus. 

Dr. Ichiro Mujazaki, Professor Emeritus, Kyushu University 
Medical School, Fukuoka Japan, was a guest investiguLor for a month 
to study Paragonimus infections in a study supported by USAMRDC, 
through USA R&D group (Far East). 

I 
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Table 2 

QUALITATIVE AGREEMENT BETWEEN TEST RESULTS 
WITH EXTRA- AND INTRA-CELLULAR AMASTIGOTES 

IN THE LEISHMANIA IFA 

RESULTS NO. SERA 

NEGATIVE (<1:8) ~ BOTH TESTS 

POSITIVE ~ BOTH TESTS 

POSITIVE ~ VERO-NEGATIVE 199 

POSITIVE — 199-NEGATIVE VERO 

TOTAL 

10 

lU9 

1 

0 

1S0 

Table 3 

QUANTITATIVE AGREEMENT BETWEEN 
TEST RESULTS WITH EXTRA- AND INTRA-CELLULAR 

AMASTIGOTES IN THE LEISHMANIA IFA 

RESULTS NO. AGREEMENT 

SAME TITER WITH BOTH ANTIGENS 

2-FOLD VARIATION BETWEEN 
ANTIGENS 

U-FOLD VARIATION BETWEEN 
ANTIGENS 

>U-F0LD VARIATION BETWEEN 
ANTIGENS 

TOTAL 

108 

21+   -! 

Ik 

k 

150 

-    88.0^ 
-97.3^ 
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Table  5 

Susceptibility of Experimentally Exposed Animals to 
Infection with Isospora arctopitheci 

X) o 
•H 
^1 -a 
0) 0 

0) a, <-* •H 
H m u 
5 ^ (X, CO 

U 0) O 
4. & ti d a Q o P« 0) ^ 

J2 0) 4^ 

Scientific Name Common Name 5 £ 

PRIMATES 

Aotus trivirgatus Night monkey 2/2» 6-10 3-5 

Ateles seoffroyi Spider monkey 1/2 8 3 

Cebus capucinus White face monkey 2/2 8 23 

Sa^uinus geoffroyi Marmoset 18/20 7-9 55 

Macaca mulatta Rhesus monkey 0/2 - - 

CARNIVORES 

Bassuricyon gabbii Olingo 0/1 - - 

Felis catus Cat 3/1* 7-11 1-k 

Nasua nasua Coatimundi 2/2 9 l*-7 

Potos flavus Kinkajou 2/2 8-9 2+-7 

*No.   oocyst positive/no.   tested 
toied first day of patency 
'''Escaped second day of patency 
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Project 3A161102B71Q   i 0M4UNICABLE DISEASES AND INMJNOLOGY 

Task 00 Communicable Diseases and Immunology 

Work Unit 170   Zoonotic Diseases of Military Importance 

Investigators. 
Principal:    A.  D. Alexander, Ph.D. 
Associates:    M. Rogul, Ph.D., M. G. Groves. MAJ, VC, K. P. Keenan, 

CPT, VC, J. J. Brendle, B.S., C. A. Montgomery, MAJ, 
VC, Helen Jervis, Dr. Nat. Sc, and L. Evans 

Description. 

Studies are conducted on zoonotic diseases of real or potential military 
importance and entail epidemiological investigations to determine 
natural history and occurrence of diseases, basic and applied research 
which bear on development of suitable diagnostic, treatment, and control 
measures.    Principal efforts are on agents of leptospirosis, melioi- 
dosis and related pseudomonads. 

1.    Pathogenesis of experimental bataviap leptospirosis in dogs. 

A. Background.    Strains of the serogroup Bataviae are amon^, the 
most frequently occurring leptospiras :.a Asia.    They are also imp rtant 
causes of human and animal diseases in Africa and Europe, and occur in 
the United States, Middle and South America (1).   Aside from their 
epidemiological importance, bataviae serovar (syn. serotype) strains are 
particularly interesting because of their high virulence for dogs.   The 
bataviae infectivity system in dogs provides a model that simulates 
natural infections in man and animals, and provides a unique opportunity 
to resolve questions on pathogenesis.    Findings to date on this model 
system are reported. 

B. Methods. 

Animals.    Beagle dogs 4 to 15 months of age, of both sexes, 
were usecT    These animals were not vaccinated with any leptospiral 
serovar.   No detectable leptospiral agglutinins were present at time of 
inoculation.    Weanling hamsters were utilized for several microbiological 
procedures. 

Experimental Infection.   Leptospira interrogans, serovar 
bataviae strain 1415, an isolate from Malaysia, was used to infect dogs. 
Its virulence was maintained by sequential hamster passage.    Inocula 
for dogs were prepared from dilutions of a 10% suspension of triturated 
liver obtained from an infected moribund hamster.    The concentration of 
organisms in the liver suspension was determined by counts of an appro- 
priate dilution of liver suspension in a Petroff-Häuser counting chamber. 
The virulence of the inoculum was titrated by inoculating groups of 
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weanling hamsters intraperitonally (i.p.) with serial 10-fold dilutions 
of liver suspension using a 0.5 ml dose. Dogs were infected by i.D. 
injection of 5 ml of a suspension containing 3.4 x 10" to 6.9 x 10' 
organism oer ml. The LD5Q hamster infectivity units ranged from 
10-> to 10°. Controls were inoculated with sterile diluent (either 
phosphate buffered, pH 7.2, physiological salt solution, or Stuart's 
basal medium). 

Microbiological examinations. Following infection of dogs, 
blood was periodically obtained for isolation of leptospiras to deter- 
mine the occurrance, duration and magnitude of leptospiremic period 
and to determine the serological response to infection. Urine was 
obtained at appropriate intervals to determine the occurrance of 
leptospiruria. Attenpts were also made to isolate leptospiras from 
aqueous humor, brain, liver and kidney on specific dogs. Direct 
cultural technics were used for blood and tissues. Urine was cultured, 
either directly or by use of hamster inoculation technics (2), or by 
both methods. 

Clinical Pathology. All the animals were examined daily for 
2 weeks following inoculation. Venous blood was collected daily or 
every other day in EDTA vacutainers for hematological examinations. 
White blood cell i/TSC) counts and red blood cell (RBC) counts were per- 
formed on an electronic cell counter (Model B, Coulter Electronics, Inc., 
Hialeah, Florida). Platelet counts were also performed electronically 
(MK-4 Platelet Counter, General Sciences Corp., Bridgeport, Conn.). 
Packed cell volumes (HCT) were determined by standard microhematocrit 
methods. Wintrobe tubes were used to determine 1 hour erythrocyte 
sedimentation rates (ESR). Hemaglobin (Hgb.) was determined by the 
cyanmethemoglobin method. Blood films on slides for differential WBC 
counts were stained by the Wright-Leishman method. Every second or 
third day, samples of venous blood were collected in both citrated and 
ordinary vacutainers for plasma and serum collection, respectively. 
Fibrinogen, prothrombin times (Protime) and partial throniboplastin 
(PIT) times were determined on plasma samples by standard methods. 
Sera were examined by standard methods for levels of serum alkaline 
phosphatase (Alk'p'tase), amylase, creatinine, blood urea nitrogen 
(BUN), creatine phosphokinase (CPK), glucose, lipase, serum glutamic 
oxalacetic transaminase (SCOT), serum glutamic pyruvic transaminase 
(SGPT), total direct and indirect serum bilirubin, magnesium, calcium, 
chloride, cholesterol, carbon dioxide content, potassium, sodium, 
inorganic phosphate, total protein, protein components separated by 
electrophoresis, lactic dehydrogenase (LDH), and lactic dehydrogenase 
isoenzymes. Routine urinalysis was performed; also, plasma and urine 
osmolality was determined. On several series of animals endogenous 
clearance of creatinine and phenolsulfonphthalein excretion were deter- 
mined by standard methods. 
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Pathological observations.    Conplete necropsies were per- 
formed on ail dogs that died or were sacrificed.    Routine and special 
samples were collected for histopathology, histoenzymology, histo- 
chemistry, and electron microscope studies. 

C.    Results. 

Microbiological Findings.    Leptospiremia and leptospiruria 
were demonstrated in all inoculated dogs regardless of clinical or 
pathological evidence of disease.    Leptospiras were detectable in 
blood as earl/ as 24 hours post intraperitoneal inoculation, and 
persisted for as long as 5 days post inoculation (P. 1.).    Using 
quantitative technics, the greatest number of organisms per unit of 
whole blood was evident on days 2 to 4 P.I.    Following inoculation, 
leptospiruria was detected as early as day 3 P.I., and when examined 
2 to 4 weeks P.I,    Two dogs surviving 1 month and four dogs surviving 
5 months after lioculation were euthanized and samples of various 
organs were taken aseptically and cultured.    No leptospiras were 
isolated from kidney, urine, liver, cerebral cortex, cerebellum, 
midbrain, and aqueous humor of the eye obtained from four dogs 
euthanized at 5 months P.I.    Leptospiras were demonstrated only in 
urine and kidney of the remaining two dogs similarly examined.    In 
surviving dogs, detectable antibody was demonstrated by day 10 P.I., 
reaching optimum levels of 1:400 to 1:3200 by days 21 to 30. 

Clinical Observations.   The clinical manifestations of 
bataviae infection in dogs fell into three general classifications by 
the following criteria:    (1) an acute fatal icteric syndrome that in- 
cluded spectacular hematological, renal (BUN>80 mg/dl), and hepatic 
fbilirubin>15 mg/dl) changes;  (2) an acute, non-fatal icteric 
syndrome with signs and clinical pathological changes similar to the 
fatal group; and (3) a mild asymptomatic non-icteric response with 
only minimal clinical signs.   Of 30 dogs inoculated, 11 developed the 
acute fatal icteric disease, 7 developed the acute non-fatal icteric 
course, and the remainder had mild, non-icteric infection.    In general, 
the severity of response to infection depended on the virulence of the 
inoculum and/or the age of the dogs. 

All the dogs developed fevers 2 to 3 days P.I.    Depending on 
the severity of the case, depression, anorexia, scleral and conjunctival 
infection, and generalized lymphadenopathy were the next most comnon 
signs.    The following are manifestations seen in the acute, fatal, and 
non-fatal icteric cases. 

Integumentary. Dehydration developed rapidly with loss of 
skin pliability, drying of the mucus membranes and recession of the 
ocular orbits. Icterus was first evident the 3rd day P.I., and was 
generalized. 
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Musculo-skeletal.    Inflammatory changes in the skeletal 
muscles and other organs were evident by a stiff, tucked up walk, 
reluctance to move and evidence of pain on palpation and manipula- 
tion of limbs and neck. 

Cardiovascular.    The hemorrhagic signs were clinically evident 
in the severe group by the development of petechiae and ecchymoses on 
the oral, conjuntival, scleral and genital mucus membranes, as well as 
on the abdomen and flanks.    Epistaxis, rectal bleeding and melena were 
inconsistant signs in this group.    Moribund animals showed auscultable 
arrhythmias, weak and irregular pulse and other evidence of cardio- 
vascular collapse prior to death. 

Respiratory.    All the severe and moderately sick dogs developed 
a dry spontaneous or palpable cough.    Tonsillitis was a common finding. 
A number developed acute broncho-pneumonias with muco-purlent to purlent 
respiratory discharges, rhinitis, conjuntivitis, and auscultable wet 
rales.   Pulmonary hemorrhage was seen at necropsy.    Broncho-pneumonia 
was usually associated with secondary bacterial infections.    Several 
animals developed acute pulmonary edema terminally. 

Digestive signs were associated with hemorrhagic and renal 
manifestations furemia), i.e., vomiting, hemorrhagic, diarrhea, melena, 
stomatitis and glossitis.    Palpable intussusceptions appeared in several 
dogs. 

Renal signs included all those associated with acute uremia. 
Oliguria was conmon to all the severely ill animals, and anuria pro- 
ceeded death by 24 to 36 hours. 

Hepatic signs included severe generalized jaundice.    In some 
cases the edge of tne liver was palpable at the costal border. 

Ocular signs included the above-mentioned scleral injection. sign 
[frn conjunctivitis with or without exudate, and hemorrhages in the ocular 

mucus membranes.    Aside from icterus, the retina was not grossly 
altered, and physical evidence of iridocyclitis was not seen in these 
animals.    Evidence of meningeal or central nervous system involvement 
was difficult to evaluate in the severely affected dogs, but patho- 
logical findings indicative of such involvement was found at necropsy. 

In general, the severely sick dogs became moribund and died 
between 5 to 8 days P.I.    The moderately sick dogs improved and began 
recovering at this time. 

Clinical Pathological Findings.    This data is being analysed 
statistically and will be presented in detail at a later date.    Pre- 
sented in this report are data from two dogs classified in the acute 
fatal icteric group  (Table 1J.    Dog 1-2 (13.5 mos. old, beagle, male) 
was inoculated with 5 x 10^   organisms/ml.  i.p.    Dog L-18 (5.5 mos. old. 
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beagle, female) was inoculated with 6.9 x 10^ organisms/ml. i.p. Both 
animals had a typically acute course and were euthanized when moribund. 
Baseline and Day 0 data was within normal limits for dogs of these 
respective ages. Control dogs handled and sampled in like fashion 
showed none of these changes. 

The hematological and chemical changes were similar in ail 
clinically ill animals, varying only in severity. These data reflect 
the polysystemic nature of leptospirosis, although renal, hepatic and 
hemorrhagic manifestations dominate the clinical presentation. 

Hematology findings frequently indicated blood loss, with low 
HCT, Hbg and RBC counts; however, this was often masked by the severe 
dehydration that accompanies the renal involvement. Clinical evidence 
of hemorrhage was always accompanied by thrombocytopenia, with eleva- 
tions in fibrinogen levels, and protimes and P.T.T. values remaining 
normal compared to controls. Frequently a leucopenia was seen early 
in the disease, but later a marked leucocytosis with a left shift 
developed. 

Hepatocellular damage and intrahepatic cholestasis was evident 
by demonstrable increases of serum alkaline phosphatase, serum glutamic 
pyruvic transaminase, total conjugated and free bilirubin, and choles- 
terol. Increases in serum lactic dehydrogenase and serum glutamic 
oxalacetic transaminase may in part reflect liver disease, but also 
indicates other organ involvement. For example, increases in serum 
creatine phosphokinase were indicative of skeletal muscle pathology. 
The technic for demonstration of lactic dehydrogenase isoenzymes were 
of limited use in differentiating specific organ involvement. Other 
methods have since beei shown to be more useful for this analysis when 
working with canine seia. Changes in protein electrophoresis patterns 
were indicative of hepatic involvement with a lowering of the albumen 
fraction (which also explains in part the fall in serum calcium). 
Also consistant with acute hepatitis and icterus was an increase in 
the alpha-2 and beta globulins. The gamma globulins increased slightly, 
but were not conspicious. Changes in the serum proteins must be viewed 
in light of the severe dehydration that occurs. 

Renal disease was evident by elevations of blood urea nitrogen 
and plasma creatinine. The ratios of urine osmolality to plasma 
creatinine were useful measures during the oliguric period. Ratios of 
1.2 to 1 in the former and less than 10 to 1 in the latter were consid- 
ered indicative of acute nephritis. Proteinuria, bilirubinuria, 
increased numbers of casts, WBCs and RBCs in the urine were demon- 
strated in the severe and moderately ill dogs. Changes in serum 
electropytes were also typical of acute nephritis. Sodium and chloride 
deficits paralleled each other in a progressive fashion. Potassium 
levels fell initially, but became elevated with the onset of oliguria 
and anuria. Progressive hyperphosphatemia was very evident in the 
severe dogs. Fall in plasma CO2 content reflected the development of 
metabolic acidosis in these animals. 
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One-half of all the inoculated animals were studied with 

endogenous creatinine clearance and phenolsulfonphthalein excretion 
tests. These data indicate the renal involvement is acute and 
generalized, and parallels other clinical pathology evidence of 
nephritis. 

All the above data indicated that acute development of renal 
disease was the major factor in mortality. The acute non-fatal 
icteric group was less effected and made a rapid recovery to normal 
function. 

Serum amylase, while being dependent on renal excretion for 
removal from the body, was elevated most markedly in those dogs with 
severe gastroenteritis. Since serum lipase levels remained normal or 
were depressed, we feel elevations in serum amylase were evidence of 
gut pathology rather than pancreatic or renal disease particularly in 
view of the fact that amylase is in high concentration in the canine 
gut. 

Histoenzyme and Histochemistry Findings. Histochemistry 
studies to date were performed on 11 dogs. Two were classed in the 
acute fatal icteric group, 3 in the acute non-fatal icteric group, 
3 in the mild non-icteric group, and 3 control dogs. The tissues 
studied were small bowel, heart, lung, kidney, and liver. 

A slight increase in the activity of myocardial and macrophage 
acid phosphatase and a possible decrease in ÜPNH diaphorase was seen 
in the heart of the more seriously affected aiiimals. No consistent 
changes which could be attributed to the leptospiral infection were 
seen in bowel and lung tissue in this study group. 

Fat inclusions were found in the cortical kidney tubules of 
infected dogs but not in control dogs. In kidneys of the infected dogs, 
an irregular decrease of the alkaline and glucose-6-phosphatases, 
decreased leucine aminopeptidase activity of the cortical tubules, and 
a generalized loss of the mitochondrial enzymes (succinic delydrogenase, 
glutamic dehydrogenase, beta-hydroxy butyric dehydrogenase and alpha- 
glycerophosphate dehydrogenase) could be demonstrated. The severity of 
these changes in the experimental dogs correlated closely with the 
severity of the illness. The activity of the acid phosphatase appeared 
increased in the kidneys of all experimental dogs irrespective of the 
severity of disease. 

In the liver, the amount of glycogen demonstrated histo- 
chemically decreased only in the most severely ill animals, possUy 
as a result of anorexia. Fat inclusions in the hepatocytes increased 
in most infected dogs, but only moderately. The activity of the 
peribiliary acid phosphatase also seemed increased and appeared more 
diffuse than in the controls, probably due to increased fragility of 
the lyosomes. Glucose-6-phosphatase also decreased but only in the 
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most severely affected dogs.    The oxidative enzymes, alpha-glycero- 
phosphate dehydrogenase and beta-hydroxy-butyric dehydrogenase, seemed 
to show the most consistant decrease in activity.    In the controls 
alkaline phosphatase could be demonstrated only in the endothelium of 
capillaries and in a few periportal sinusoids; however, in all experi- 
mental dogs, it could be demonstrated in the bile canaliculi and in 
the cell membranes of the hepatocytes in amounts increasing with the 
severity of the disease.    These changes in alkaline phosphatase, 
although not specific for leptospirosis, seem to be a very sensitive 
index of liver damage. 

underway. 
Histopathology and electron microscopic studies are presently 

D.    Discussion. 

Experimental bataviae leptospirosis in the dog provides a 
model that encompasses manifestations ranging from inapparent to fatal 
renal-hepatic disease fonns parelleling the spectruru «.f natural disease 
seen in man and animals and could serve as a model to define patho- 
genetic disease mechanism.    As in the case of fatal human leptospirosis, 
acute renal failure was the one feature most commonly associated with 
mortality (3,4,5,6,7). 

The basic mechanism of leptospiral pathogenicity is postulated 
to be a "toxin" (8,9,10).    Such a toxin, acting on capillaries, would 
provide a mechanism for many of the morphological and functional injury 
seen in the disease.    Wide spread capillary damage would explain the 
thrombocytopenia and hemorrhage.    The cholestasis appears to be due to 
damage to the hepatocyte and its bile secretory apparatus via a basic 
subcellular lesion to cell membranes and mitochondria as our histo- 
chemical findings indicate.    This same type of finding was seen in the 
kidney tubules.   The subcellular pathology demonstrated in the kidney 
and liver have been postulated to be caused by either direct action of 
the "toxin" on the cell itself or due to faulty oxygen supply to the 
cell as a result of widespread capillary damage (10).    Both mechanisms 
are probably operative in the severe cases. 

2.    Ribosomal vaccine for leptospirosis. 

Vaccines currently used to immunize animals against leptospirosis 
are suspensions of killed leptospira.   Protection afforded by these 
bacterins for anyone of the 150 or more serovars depends on the pres- 
ence of homologous or antigenically closely related serovars in the 
vaccine.   They do not provide protection against serologically unre- 
lated strains and do not insure protection from establishment of a renal 
carrier state. 

In recent years, a new class of subcellular immunogens rich in ribonu- 
cleic acid and protein has been  reported to protect mice against a number 
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of bacterial infections (11).    They are isolated from lysed bacterial 
cells by differential centrifugation and are composed primarily of 
ribosomes.    Presented data indicates that ribosomal preparations may 
have the distinct advantage over bacterins or other subcellular vac- 
cines of providing a greater cross-protect ion spectrum against infection 
and disease (12). 

In view of the reported success of ribosomal immunogens in pro- 
tecting animals against bacterial infections, we prepared several 
ribosomal vaccines and studied their inmunogenic properties. 

Detailed experimental procedures have been previously reported 
(13).    Briefly, ribosomes were collected by differential centrifugation 
from cells lysed in a French pressure cell.    Ribosome suspensions were 
standardized by either ribonucleic acid or protein content and inocu- 
lated into young, adult hamsters.    Vaccinated hamsters were challenged 
3 weeks post vaccination and then observed for 2 weeks.    One kidney 
from each surviving vaccinated and control hamster was cultured for 
leptospira to determine if a renal carrier state was present.    Lepto- 
spira serovars used in experiments were bataviae strain 1415, canicola 
strain Moulton, and grippo typhös a strain 1540. 

Results of experiments to determine the effect various enzymes had 
on the inmunogenicity of vaccines, the effect of various routes of vac- 
cine administration, and the duration of immunity produced by the 
vaccines were reported last year (13). 

Table 2 shows the relative chemical composition of all the vaccines 
prepared from bataviae organisms.    The ribonucleic acid to protein 
ratio for ths sodium dodecyl sulfate (SDS) treated vaccines (vaccines 
B through I) ranges from 1.6:1 to 2.5:1 with most approximating the 
expected 2:1 ratio.    The presence of cell membranes in vaccine prepara- 
tions probably accounts for the large hexose concentrations found. 
Numerous membrane-like structures were noted on electron photomicro- 
graphs taken of a single vaccine (vaccine C).   The main objective of 
this study was to assess the ability of the ribosomal preparations to 
protect hamsters from infection with unrelated serovars and not to 
determine the exact immunogenic moity present.    Therefore, no attempt 
was made to eliminate the cellular membranes from the ribosomes other 
than what was accomplished by differential centrifugation and treatment 
with SDS. 

The effect of RNA and protein concentrations on survival of vaccinated 
hamsters is sumnarized in Table 3.    Animals vaccinated with as little 
as 12 ug of RNA and 6 }ig of protein were protected against a challenge 
dose of 10^ LDJQS, and hamsters administered 31 ^ig RNA and 12 jig protein 
of vaccine G survive a massive homologous challenge of 10- LD50s. 

A sham vaccine was prepared from Bruceila can is ribosomes.    Ham- 
sters vaccinated with this preparation and ones given a bataviae 
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Table   2:    Chemical con?)osition of bataviae-1415 ribosomal preparations 

Composition in mg/ LOOmg Protein 
Vaccine 

RNA Hexose DNA 

Aa 90 12 6u 
B 200 19 NIP 
C 163 50 <S 
D 200 41 <2 
E 246 50 ND 
F 238 53 2 
G 250 52 ND 
H 195 44 4 
I 180 37 -cl 

aSodium dodecyl sulfate not used in preparation 
of vaccine 
^Not done 

Table   3 :    Effect of RNA and protein concentrations on survival of 
hamsters vaccinated with bataviae-1415 ribosomal preparations 

Antigen/Hamster 1         Challenge Dose 
Vaccine 

RNA Protein 
Lepto/ 
Hamsters LD50s 

Survivors/ 
Total 

C lOOug 
50ug 
25>ig 
12pg 

61pg 
3lMg 
15Mg 

8pg 

2 x 104 103.8 5/5 
5/5 
5/5 
2/5 

lOOug 
50ng 
25Mg 
12ng 

61ug 
3lMg 
15ug 

8ug 

2 x 105 104.8 5/5 
5/5 
5/5 
3/5 

E 123Mg 50pg 1 x 104 

1 x 105 

1 x 106 

104.3 
105.3 
106.3 

5/5 
5/5 
2/5 

G 62^g 
3lMg 

25Mg 
12pg 

4 x 105 105-4 5/5 
5/5 

H 25^ 
12Hg 

13ug 
6HE 

3 x 104 10J 5/5 
5/5 

626 

^_—'■-■- ■ - *, . 

—^•'- — -■     in 
..-... —..-.. ,.i,i -.. -^.-,...-. , 



wmmm 
—      . .. .      , 

8 

ribosomal vaccine (vaccine E) were challenged with virulent bataviae 
organism to determine if ribosomes stimulated a non-specific protective 
response. No difference between the survival of the B. canis vac- 
cinates and the non-vaccinated controls was observed JlTable 4). Animals 
were protected by the homologous vaccine. 

Hamsters vaccinated with vaccine E were also challenged with lepto- 
spira serovar canicola. Intertype iinnunity appeared to occur with 
low challenge {7 x 10^) dose but was unremarkable with greater challenges. 
On the other hand, vaccinates were well protected against homologous 
bataviae challenge containing 10^ organisms (Table 5). 

A group of hamsters given either a bataviae ribosomal vaccine 
(vaccine F) or a bataviae bacterin (organism inactivated with 0.3% v/v 
formalin) were tested extensively for intertype immunity. Vaccinates 
were challenged with either the homologous bataviae serovar or the 
heterologous canicola or grippotyphösa serovars (Tables 6 and 7). 
Excellent homologous protection was afforded by both the bataviae 
ribosomal and bacterin preparations. Neither immunogen protected 
against the grippotyphosa challenge. Bacterin vaccinated hamsters 
challenged with canicola organisms had a higher survival rate than did 
controls (Table 6) but were not protected against infection (Table 7). 
Ribosomal vaccinates were not apparently protected against canicola 
challenge. 

A canicola ribosomal vaccine was prepared and evaluated for its 
ability to produce intertype iirmunity. Results are summarized in 
Table 8. Good homologous immunity was observed in vaccinated hamsters. 
No apparent protection against bataviae or grippotyphösa challenge was 
seen. 

With the exception of the first vaccine prepared (vaccine A), 
bataviae ribosomal preparations effectively prevented the development 
of renal leptospirosis in vaccinated animals (Table 9). Only one 
hamster out of 66 which received a minimum of 10^ LDSQS bataviae 
organisms had leptospira cultured from its kidney. Fifty of 52 ham- 
sters challenged with IO^U^QS had negative kidney cultures. The two 
hamsters in this group with infected kidneys had received a relatively 
small, 25 #ag RNA and 50 pg protein, dose of a bataviae ribosomal pre- 
paration. In the vaccinates surviving a massive challenge of 105 LD^QS 
or greater, only two of 25 animals developed renal leptospirosis. 

Passive immunization studies are summarized in Table 10. Sera and 
spleen cells were collected from mbred, LSH hamsters vaccinated 3 
weeks previously with either a bataviae bacterin or ribosomal prepara- 
tion. Recepient- were challenged 24 hours after transfer of either 
sera or cells. >ood protection was afforded recipients of the sera 
from eithei tvpe of vaccinated donor. Greater cellular immunity 
appeared    «. provoked in those hamsters receiving cells from the 
hrtv lev MI WK L mates. 
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Table   4 :    Ccniparison of imnunity produced in hamsters by bataviae-1415 
(vaccine E) and Bruceila canis riboscmal preparations against 
bataviae-1415 challenge 

Mean 
Antigen/Hamster Challenge Dcse . 

Survivors/ 
Day 

Vaccine Lepto/ of 
RNA Protein Hamster LD50s Total Death 

Controls . . 1 x 103 103.3 0/5 7.6 
- - 1 x 104 lO4-3 0/5 7.1 
- - 1 x 105 IQb.i 0/5 6.0 
- - 1 x 106 106.3 0/5 5.2 

bataviae-1415 123Mg SO^g 1 x 104 lO4-3 5/5 - 

1 x 105 loiA 5/5 - 

1 x 106 106.3 2/5 12.2 

Bruceila canis 49ng 50Mg 1 x 103 103.3 0/5 8 
1 x 104 104-3 0/5 7 
1 x 105 lOS-3 0/5 6.6 
1 x 106 106.3 0/5 5.6 
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Table   7 :    Conparison of protection produced by bataviae-1415 ribosomal 
(vaccine F) and bacterin preparations against iniection from 
bataviae-1415, canicola-Moulton, and grippotyphosa-1540 
challenges "" 

. 

Challenge Challenge Dose Number of Hamsters Protecteda/Total 
Organism Lepto / 

Hamster LDSQS Control Ribosomes0 Bacterinc 

bataviae- 6 x 101 10i'o 0/5 5/5 5/5 
1415 6 x 10^ 102.8 0/5 5/5 5/5 

6 x 103 10rQ 0/5 4/5 5/5 
6 x lOj 104 8 0/5 5/5 5/5 
6 x 105 105.8 0/5 5/5 5/5 

canicola- 2 x lOj .d 0/5 0/5 0/5 
Moulton 2 x 102 - 0/5 0/5 0/5 

2 x ICH - 1/5 0/5 0/5 
2 x 104 - 0/5 0/5 0/5 
2 x 10^ - 1/5 0/5 0/5 
2 x 106 - 0/5 0/5 1/5 

grippotyphosa- 5 x W2
r 100.2 1/5 0/5 0/5 

S x 103 10j-2 0/5 0/5 0/5 
5 x 104 102.2 0/5 0/5 0/5 
5 x 105 103.2 0/5 0/5 0/5 
5 x 106 104.2 0/5 0/5 0/5 

dumber of hamsters surviving challenge and having a negative kidney 
culture. 
^75pg RNA and 31>ig protein per hamster. 
^75vig RNA and 103)ig protein per hamster. 
"Inadequate data to calculate a valid LD50. 
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Table  9 :    Results of kidney cultures on bataviae-1415, ribosome- 

vaccinated hamsters surviving challenge with homologous 
organisms. 

Vaccine Antigen/H amster 

Number of surviveT-S having positive 
kidney cultures per total number of 
survivorsa 

i       RNA Protein 102LD50 j 103LD50 104LD:o |   105LD50 

A 344   Mg 
172   Mg 

370   Mg 
185   Mg 

1/11 
3/11 

- - 
- 

C 100   Mg 
50   Mg 
25   Mg 
12   Mg 

61   Mg 
31   Mg 
15   Mg 

8 Mg 
- 

0/5 
0/5 
0/5 
0/5 

0/5 
0/10 
0/5 
0/5 

0/5 

D 50   Mg 
25   Mg 

25   Mg 
12   Mg 

- 
- 

0/3 
2/4 

1/3 
1/1 

E 123   Mg 50   Mg - 0/5 0/5 0/2 

F 75 Mg 31   Mg 0/5 l/3b 0/5 0/5 

G 62   Mg 
31   Mg 

25   Mg 
12   Hg 

0/5 
0/5 

0/5 
0/5 

0/5 
0/5 

H 25   Mg 
12   Mg 

13   Mg 
6.4Mg 

- 0/5 
0/5 - - 

I 100   Mg 
50   Mg 
25   Mg 
12    Mg     1 

6.2Mg 
3.1>ig 

53   Mg 
27   Mg 
13   ]xg   \ 
6.6ug 
3.3Mg 
1.7Mg 

0/5 
0/5 
0/5 0/5 

0/5 
0/5 
0/3 

■ 

- 

^Results grouped by minimum LD50 with which hamsters were challenged. 
^Two vaccinates died of causes other than leptospirosis. 
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3.    Leptospira biflexa contaminants in bacteriological and tissue 
culture media. 

A strain of Leptospira biflexa appeared as a contaminant in 
leptospiral cultures and leptospiral culture media.    The contaminant 
was traced to the deionized water supply which was used in the prepara- 
tion of media.    The media was sterilized by filtration through 0.22 
urn pore size membrane filter.    The strain was identified to be L. 
biflexa on the basis of serological tests and its relative resistance 
to growth inhibition by copper ions and 8-azaguanine. 

Subsequently, a spirochetal contaminant was found in tissue cul- 
tures by Dr. J. Tumilowicz at Electro-Nucleonics Laboratories, Inc., 
Bethesda, Md.    The contaminant was isolated and identified as a strain 
of L. biflexa in this laboratory.   The tissue culture media containing 
the contaminant was derived from a commercial source.    It was prepared 
with deionized water and sterilized by filtration.    In retrospect, the 
findings were not surprizing since L. biflexa has frequently been found 
in tap water and can easily penetrate bacterial retaining filters. 

Detailed reports of these two findings have been accepted for pub- 
lication (31,32). 

4.    Characterization of leptospiral isolates from Malaysia. 

Requisite serologic tests were carried out to complete the sero- 
logical characterization of 1424 pathogenic leptospiras isolated from 
natural waters and wet soils in Malaysia (14).    Strains were isolated 
during the period 1961 to 1966 from five different geographic or 
ecological sites.    Approximately 1185 strains were isolated from jungle 
waters and soils within a radius of 20 miles from Kuala Lumpur in the 
State of Selangor.    Fifty-six isolates from ricefields and 17 isolates 
from pools of water in mining areas were also obtained in the proximity 
of Kuala Lumpur.    The 104 leptospiral strains from the State of Pahang 
were derived mostly from shore sand along a jungle stream and river 
located near Luala Lipis.    Jungle streams in the western part of Sabah 
were the source of 62 leptospiral isolates.    Nearly all of the isolates 
were recovered from hamsters dying from leptospirosis after their ex- 
posure to sample water or sample soil washings.    The survey method (15) 
rmd culture typing technics are described elsewhere (16). 

The 1,362 strains isolated from soil and water in West Malaysia 
(Selangor and Pahang) could be divided into 13 serogroups compri.üng 
a total of 29 serovars  (Table 11).    The wide variety of pathogenic 
serovars in jungle milieu was consistant with the broad array of sero- 
var infections found in soldiers on jungle patrols (17).    Within the 
State of Selangor, the relative distributions of serovars in the rice- 
field and jungle areas studied were similar.   However, of 17 strains 
isolated in mining pools,  16 appeared to be related to serovar australis 
and one to serovar paidjan. 
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Table U: Pathogenic leptospiras isolated from Malaysian waters and wet 
soils 

Serovar 
1        Percent of isolates within locations 

Serogroup 1Selangor 1 Selangor 1 Selangor 1 Pahang 1 Sabah 
j   jungle rice- I   mining j jungle | jungle 

1   field I     pool 

No. of s, anples 1185 56 |     17 104 1    62 
Icterohaem- mankarso1 |     18.3 1     23.2 |       2.9 1      8-1 

orrhagiae smithie 
birkin 

2.0 
1.1 1.0 

Tqtal 21.4 |     23-2 
(        3-8 1      8'1 

Australis australis^- 13.5 7.1 94.1 9.6 

Bataviae paidi an^ 
bataviae1 

11.6 
3.7 

7.1 5.9 1.9 58.1 
9.7 

Total 15.4 7.1 5.9 1.9 67.7 

Canicola jonsis 8.1 1.0 
schuffneri 
malaya1 

4.6 1.8 31.7 
0.5 

sumnerx 0.8 3.8 8.7 
Total 14.1 S.4 41.3 

Autumnalis bangkinang 4.1 14.3 3.8 17.7 
rachmat-1- 4.1 1.8 7.7 
gurun^i 
weeraspgha-1- 
sentot-*- 

0.6 3.2 
1.0 1.8 1.6 
0.6 1.8 3.8 1.6 

Total 10.4 19.6 15.4 24.2 

Pyrogenes zanoni 7.3 8.9 5.8 
biggis 2.0 1.8 11.5 
hamptoni 1.5 
abramis 0.2 

Total 11.0 10.7 17.3 

Hebdomadis wolffi1 

ricarEi 
worstoldi 

7.2 
1.5 
0.1 

23.2 5.8 
1.0 

Total 8.8 23.2 6.7 

Grippo-          | grippo-         i 
typhös a-1     1 typhösa     j 4.9     j 1.8     I 3.8 

Javanica       j j avanical 1.8 

Celledoni      | whitcombi 0.2    ! 

Pomona           j jDomona 0.3     i 
Tarassovi      | tarassovi1    | 0.1    i 
Ranarum         1 evansi1         ' b.i   ! 
^The identity of representative strain was confirmed by agglutinin- 
adsorption tests. 
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The relative frequency of recovered serovar strains in the Pahang 
jungle superficially differed from that of the Selangor jungle.   The 
variable findings may have reflected differences in size and types of 
samples and time of sampling.    In the limited survey in Sabah mainly 
bataviae and autumnalis and a few icterohaemorrhagiae serovars were 
found. 

All except four of the representative strains were related to 
Malaysian serovars previously studied in this laboratory (16,18). 
Three of the exceptional strains were identified to be serovars sentot, 
werrasingha, and tarassovi, respectively, on the basis of agglutinin- 
adsorption tests.    Serovar sentot and a member of the Tarassovi sero- 
group have been reported from Malaysia previously (19).    Serovar 
werrasingha was isolated in Ceylon and identified by Y. Chemukha, 
(C. Sulzer, Center for Disease Control, personal communication).    It 
had not heretofore been found in Malaysia.    It was found in waters of 
both East and West Malays!?. 

The fourth strain (267-1348) cross-reacted to some but not all of 
the serovars in the Canicola,  Icterohaemorrhagia, Javanica and 
Autuwialis serogroups and to homologous titer with a strain isolated 
from the kidneys of a frog in Iowa (20).    The frog strain was classi- 
fied by Babudieri (21) as a new pathogenic serovar ranarum in a 
separate serogroup Ranarum (22).    In comparative cross agglutination 
tests with diverse serovar antisera, the reactions of ranarum and 
strain 267-1348 were essentially identical (Table 12).    Reciprocal 
agglutinin adsorption tests were carried out between strain 267-1348 
and ranarum as well as with various serovar representative strains 
with which it cross-reacted to relatively high titer.    The results of 
tests are summarized in Table 13.   The antibodies responsible for 
specificity of the test serovars were not removed after adsorption 
with strain 267-1348 nor was the anti-267-1348 serum significantly 
reduced after adsorption by any of the test antisera.    Accordingly, it 
represents a new serovar which we designate evansi.    A report of the 
culture typing findings has been prepared and will be submitted for 
publication. 

5.    Phenotypic characteristics of a genetically distinct leptospira, 
serovar illini, strain 3055. 

Strain 3055 isolated from the urine of a normal bull in Illinois 
was previously found to be genetically different from other genetically 
characterized leptospiras (34).    In additional studies conducted jointly 
with Dr. L. Hanson, College of Veterinary Medicine, university of 
Illinois, the strain was found to be antigenticaliy unrelated to any 
of the known pathogenic and saprophytic serovars.    Strain 3055 resembled 
L. biflexa strains in its ability to grow at 13 C and in its relative 
resistance to 2, 6-diaminopurine, 8-azaguanine and CUSO4.    It was 
designated serovar illini.    A detailed report of the characteristic 
of serovar illini is being published (33). 
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Table 12: Cross-agglutination reactions of strains 267-1348 and 
ICF (serovar ranarum) 

Canicola ionsis 
proomi 
bindiei 

^ schuffheri 
benj ainin~ 
malaya 
galtoni 

Antisera^- Reciprocal of tUer^ with 

Serogroup Serovar 267-13/!S     ICF 

Ictero- 
haemorrhagiae 

birkini 
smithn 

400 
400      100 

200 100 
800 200 
400 100 
400 200 
1600 800 
800 400 

3200 800 

Pyrogenes 

Javanica 

robinsoni 

3 avanica 
poi 
sorex 

1600 800 

400 - 
600 6400 
100 1600 
- 400 ceylomca - 400 

AuLumnalis djasiman 
^urungi 

1600 
1600 

1600 
1600 

Ranarum ranarum (ICF) 
evansrC267-1348) 

3200 
25600 

3200 
3200 

^■Homologous titers ranged from 1:6400 to 1:102400. 
^liters of 1:100 or less (-) with the following serovar antisera: 
sarmin, icterohaemorrhagiae, Copenhageni, mankarso, naam, canicola, 
kabura, kashirski, portlancl-vere, zanoni, abramis, pvrogenes, manilae 
hamptoni, biggis," sofia, anhoa, celledoni, panama, spermani7 medanens 
batayiae", tarassovi, pomona, autumnalis, rachmati, fort-bragg, 
bangkinahg, erinacei-aunti, moons, sentot, lanka,^iustralis") 
grippotypnosa, cynopteri, canalzonae. 

Ü» 
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Table 13: Cross-agglutiniji adsorption studies :n strain 267-1348 
W 

Antiserun Reciprocal of titer*- with 

Against 

267-1348 (102400)2 

267-1348  (25600) 
267-1348  (25600) 
267-1348 (25600) 
267-1348 (25600) 
267-1348 (25600) 
267-1348 (25600) 
267-1348  (25600) 
267-1348 (25600) 
267-1348 (25600) 
267-1348 (25600) 
ranarum (51200) 
ionsis  (25600) 
broomi  (102400) 
benjamin (25600) 
malaya (102400) 
robinsoni (25600) 
javanica (25600) 
£oi (102400) 
coxus  (102400) 
djasiman (25600) 
gurungi  (25600) 

Adsorbed 
with 

ranarum 

i onsis 
roonu 

benjamin 
malaya 
robinsoni 
jayanicä~ 
poi 
coxus 
djasiman 
gurungi 
267-134 T8 

M 

II 

II 

II 

II 

II 

II 

II 

11 

Homologous Adsorbing 
strain after strain before 
adsorption adsorption 

6400 12800 
25600 1600 
25600 1600 
25600 1600 
25600 6400 
25600 1600 
25600 1600 
25600 1600 
25600 6400 
25600 1600 
25600 6400 
12800 51200 
25600 400 
102400 400 
6400 1600 

102400 1600 
25600 1600 
25600 400 

102400 1600 
102400 1600 
25600 6400 
25600 1600 

Cross agglutinins against heterologous (adsorbing strain) antigens 
were undetectible at 1:100 dilution following adsorption with 
respective heterologous antigens.    Homologous titers followed 
adsorption with homologous antigen were 1:100 or less except for 
javanica, malaya, and poi which were 1:400. 
2 
Reciprocals of homologous titers of unadsorbed sera shown in 

parenthesis. 

' 

639 

■w.,^^. :..-—..■  ....,■,,.    . —    x.^..^^..,-..    .. ^_jl.       :.■■   _^ —-IH 
—^ -_.■■,       -     . ■-■   ■'- — -■■■■ i'dd J 



mm«mi ■Mun 

6. Leptospiral jaundice in a spectacled bear at Baltimore Zoo. 

Serum submitted fron a jaundiced spectacled bear at the Baltimore 
Zoo contained high titer agglutinins for serovar icterohäemorrhagiae. 
The bear area was heavily infested with Norway ratsT    Subsequently, 
cultures of kidneys from 15 rats trapped in the area were submitted 
to WRAIR.    Five of the rats were positive.   All cultures were identi- 
fied to be members of the Icterohäemorrhagiae serogroup. 

7. Regulatory mechanisms in smooth and rough strains of Pseudomonas 
)seudomallei. """   ~~ ~ "        ,l"" 

The investigation of the physiological differences between smooth 
and rough cultures of P. pseudomallei was continued (23).    Recognition 
of different biochemical activities of smooth and rough strains have a 
bearing in laboratory diagnosis of isolated strains.    Physiological, 
biodiemical and nutritional studies of the "suicidal tendency" of P. 
pseudomallei cultures by Rogul and Carr (24) attributed this phenomenon 
to the accumulation of ammonia in the agar culture media.    The so-called 
"suicidal" strains (smooth cultures) were unable to cope with this 
accumulation of ammonia, whereas "non-.suicidal" strains (rough cultures) 
excreted oxalic acid which detoxified the ammonia.   To determine the 
physiological basis of ammonia toxicity in Pseudomonas species, the 
intermediary metabolism of two genetically stable strains, rough strain 
7815C (non-suicidal) and smooth strain 165L (suicidal), were studied. 
Surprisingly, the ammonia scavenger, glutamate dehydrogenase, was not 
detected in the soluble portion of whole cell extracts (23).    The 
absence of this major pathway for the incorporation of ammonia into an 
organism led to further investigation of the ammonia metabolism of these 
two Pseurtpmonads. 

After harvesting the organisms from chemically defined minimal 
media, sonicated extracts were made and the soluble and particle bound 
enzyme fractions were isolated.    Assays were performed to determine the 
presence or absence of the enzymes of ammonia incorporation and elimi- 
nation.    Since both organisms contain a strong NADH and NADPH oxidase 
which interfers with the other enzymatic assays, both NADH and NADPH 
oxidase activities were determined and then inhibited in other enzymatic 
assays by the use of quinacrine HC1.    The specific activities of the 
assayed enzymes are presented in Table 14. 

As noted before, the enzymes for the incorporation of ammonia into 
the organism via glutamic dehydrogenase are virtually absent.    Both the 
soluble and particulate fractions show very low or undetectable activ- 
ity of both the NADH and NADPH dependent glutamate dehydrogenase. 
Similarly, there was no detectable aspartate ammonia lyase activity 
in the soluble fraction when two different methods for ammonia deter- 
mination were used.   As of this time, the particulate fraction has not 
been tested for aspartate ammonia lyase activity. 
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Table 14:    Activities of soluble and particulate bound enzymes of 
rough (7815-C) and smooth (16SC) strains of Pseudomonas 
pseudomallei 

Cofactor 

Sonicated cell fraction 

Enzyme soluble 

7815C  165L 

particulate 

7815C  165L 

glutamate 
dehydrogenase 

NAD 
NADP - 

- 
- 

NADH 
NADPH 

0.07 
0.07 

0.05 
0.05 0.3 

alanine 
dehydrogenase 

NAD 
NADP 

- - 
- 

NADH 
NADPH 

1.7 
2.6 

0.7 
1.2 

1.2 
0.6 

aspartate 
aiinicnia 
lyase 

- - NDb   ND 

NADH oxidase 1.04 3.9 8.3  362.3 

NADPH oxidase 0.3 0.5 1.4    0.7 

Specific activity as n moles substrate oxidized or reduced or NH3 formed 
or utilized per milligram of protein per minute. 
not done. 
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The only active ammonia incorporating enzyme appears to be alanine 
dehydrogenase which utilizes either NAEH or NADPH as a cofactor.    The 
enzyme of strain 165L does not appear to be membrane bound as all of the 
enzyme activity appears in the soluble extract; in contrast, the ala- 
nine dehydrogenase of strain 7815C appears to be both membrane bound 
and free in solution, although the activity of the NADPH dependent 
enzyme appears to be greater in the soluble fraction. 

In no case was there any indication of the presence of the degra- 
dative enzymes of ammonia metabolism, the enzymes showed no activity 
when NAD or NADP were used as cofactors of suitable substrates.   How- 
ever, nonspectrophotometric methods will have to be used to confirm 
the absence of the deaminating alanine enzyme. 

Both soluble and particulate fractions of each strain exhibited 
strong NADH and NADPH oxidases.    Most of tho activity appeared in the 
particulate fraction of both strains.    The greatest activity occurred 
in the particulate fraction of strain 165L which had 100 times more 
activity than the soluble fraction of strain 165L or the particulate 
and soluble fractions of strain 7815C. 

8.    An unusual pseudomonad from the United States resembling 
Pseudomonas pseudomallei. 

An organism (C6786) resembling Pseudomonas pseudomallei was sub- 
mitted to the Division of Veterinary Medicine by the Center for Disease 
Control, Atlanta, for further study.   The organism was isolated from 
the crush wounded leg of an Oklahoma farmer.    It resembled P. pseudo- 
mallei in many respects except serologically.   Because of tEe serious 
implications of an autochthonous P. pseudomallei infection, a great 
deal of effort was made to identify this organism. 

Table 15 lists the most salient laboratory features of this 
organism.    These features are indistinguishable from those of P. 
seudomallei.   The production of a nitrite reductase, poly B hydroxy- 
utyrate granules, oxalic acid and high gelatinase activity correlated 

with the acid producing rough strains of P. pseudomallei which formed 
red colonies on MacConkey agar. It was further tested for utilization 
of single carbon compounds from different sources. These tests aided 
in distinguishing this organism from some readily identifiable 
denitrifying bacteria (Table 16). It was not like those denitrifiers 
described by Palleroni, et al (25). The pattern did resemble that of 
P_. pseudomallei (26). 

The antibiotic sensitivity patterns were also like that of P. 
pseudomallei (Table 17).    Ten day old cultures did not fluoresce on 
trypticase soy, sheep veal infusion or 3% glycerol-brain heart infu- 
sion agars.    There did not seem to be any fluorescence of young 
cultures on P or F media, but it was difficult to assess because the 
colonies were shiny. 
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Table 15:    The reactions and properties of Pseudonvonas sp. strain C6786 

in different diagnostic tests 

Growth Comment 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

at 41 C 
37 C 

+ weak     very inhibited 
+ good growth 

+ weak     very inhibited 

Test 

Trypticase soy broth (TSB) 
Crystal violet agar 
VCN agar 
CTAB agar 
SS agar 
Sheep veal infusion agar (SVIA) 
2% NaCl in SVIA 
4% NaCl in SVIA 
Blood Azide agar 
P agar 
F agar 
Sabroud's Dextrose agar 
Indole 
Malonate 
Pseudomonas isolation agar (Difco) 
Starch hydrolysis on Mueller Hinton Agar 

3% glycerol in brain heart infusion agar 
MacConkey agar 
TSB and nitrate broth (10 days) 
0-F basal media* 
Nitrate broth 
Gelatinase 
Poly Beta hydroxy butyrate granules 

Catalase activity + 
DMA ase activity 
cytochrone oxidase activity + 
Citrate alkaline 
Phenylalanine deaminase 
DNA % G+C (Bouyant density) 66.7% 

*0-F - Forms an acid in basal broth without carbohydrates 

no pigment 
nö pigment 

weak 
yellow 
+ not strong 

very rough 
very red 
oxalic acid 
acid 
reduced past nitrite 

+ 

+ microscope 
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Table 16: The  utilization of single carbon sources by Pseudomonas S£. 
strain C6786 

Single Carbon Sources Growth 

Agar 

Glucose 
Mannitol 
L malate 
L+ alanine 
Glutamate 
Aspartate 
alpha ketoglutarate 
para hydroxybenzoate 
maltose 
L arginine 
1> xylose 
ethylene glycol 
acetamide 
nicotinate 

Broth 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

t  (poor) 

+ 
+ 

+ 

succinate 
B hydroxybutyrate 
DL lactate 
para hydroxybenzoate* 
pellicles formed 

*para hydroxybenzoate: Second transfer showed growth after 
about a week, 3rd transfer showed growth in 4 days. 
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Table 17: Antibiotic sensitivities of Pseudomonas sp. C6786 

Antibiotic 

Ampicillin 
Aureomycin 
Bacitracir. 
Cephalüthin 
Chloromycetin 
Coly-Mycin 
Dihydrostreptomycin 
Elkosin 
Erythromycin 
Furacin 
Gantrisin 
Kantrex (Kancanycin) 
Lincomycin 
Neomycin 
Oleandomycin 
Penicillin 
Polymyxin 
Sonilyn 
Sulfathizole 
Tetracycline 
Nafcillin 
Gentamicin 
Furadant in/Nlacrodant in 

Concentration 

10 meg. 
30 meg. 
10 units 
30 meg. 
30 meg. 
10 meg. 
10 meg. 

1 mg. 
15 meg. 

100 meg. 
2 mg. 

30 meg. 
2 meg. 

30 meg. 
15 meg. 
10 units 

300 units 
1 mg. 
1 mg. 

30 meg. 
1 meg. 

100 meg. 
100 meg. 

R 
S 
R 
R 
S 
R 
R 
S 
R 
R 
S 
S 
R 
R 
R 
R 
R 
S 
S 

SS 
R 
R 
R 

Sensitive SS - Slightly sensitive R - Resistant 
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The organism did not agglutinate in antisera to P. pseudomallei. 
It did agglutinate in antisera to some strains of P. cepacia, P. 
marginata and P. stutzeri at serum dilutions greater than 320 Told. 

Hamsters were inoculated with 10 fold dilutions of an inoculum 
containing 13 X 10^ organisms. Two of 3 of the hamsters receiving 
13 X 10^ organisms died in 24 hours. The rest of the test animals 
survived for a week. 

In another series of virulence tests, a hamster which received 
250 organisms died in 6 days. His liver and spleen contained C6786. 
His inoculated cagemates were sacrificed and cultured. They did not 
contain any organisms in their livers or spleens. This strain is so 
weakly virulent that we hesitate to even call it an opportunist in 
hamsters, since one hundred P. pseudomallei cells are generally enough 
to kill any hamster. 

The moles %  guanine + cytosine in C6786 DNA (66.71 in Table 15) 
was slightly lower than most P. pseudomallei strains (69.51). Based 
on this, on the serology and on the lack of virulence for hamsters, we 
were convinced that the C6786 organism was not P. pseudomallei. On the 
basis of antibiotic sensitivities, serological, cultural and physio- 
logical characteristics, it is our belief that this organism belongs 
in a complex containing P. pseudomallei, P. mallei, P. cepacia, and P. 
marginata. This complex was grouped by Ballard et aT. (26). When 
tested for DNA relatedness by the method of Deley et al. (27), strain 
C6786 appeared to have some DNA sequences in common with P. cepacia 
and P. marginata. 

9. Iridescent lysis of Ps^udomof cultures. 

Investigations on the iridescent lysis (IRL) of Pseudomonas 
aeruginosa strain 227 (23) were continued.    We had previously found 
that pyocyanine was produced by this strain in the presence of glycerol 
and its production was inhibited in glucose media.    This closely 
corre.'ated with the IRL on agar lawns.    At about the same t we 
found a strain of P.  aeruginosa (strain 1000) wnich did n< dbit 
IRL on 3% glycerol agar medium.    However,  in the presence 
it consistently produced non-lytic iridescent plaques (IR^ 
amounts of glucose production of IR plaques was erratic. 

o glucose, 
ith lesser 

Assay of pyocyanine excreted into the agar or maintained in the 
cell lawn.    The lawns of agar cultures from strains 227 and 1000 were 
carefully scraped from the agar surface and assayed for pyocyanine. 
The remaining agar matrix was frozen and thawed.    The resulting ex- 
pressed fluids were also assayed for pyocyanine.    The results indicated 
(Table 18)  that strain 227 excreted more pyocyanine than strain 1000 
and particularly more in the presence of glycerol.    Strain 1000 ex- 
creted the same amount of pyocyanine whether grown on glucose or 
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Table 18: Pyocyanine content in different agar cultures of 
P. aeruginosa strains 227 and 1000. 

Media Pyocyanine in expressed fluids 
strain 227   strain 1000 

Ratio of 
227/1000 

3% glycerol-casamino agar 

3% glucose-casamino agar 

ug/ml 

81.62         9.83 

17.95         8.76 

8.3 

2.1 

Ratio of glycerol/glucose 4.6 1.1 

Cellular content 
strain 227 

of pyocyanine 
strain 1000 

Ratio of 
227/1000 

3% glycerol-casamino agar 

3% glucose-casamino agar 

ug/mg eel.1 

8.733 

0.484 

protein 

0.056 

0.258 

156.0 

1.9 

Ratio of glycerol/glucose 18.0 0.22 
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glycerol agar.    The lawns of strain 227 also contained more pyocyanine 
than lawns of strain 1000 and this was especially large in glycerol 
cultures.    On the contrary, cells in the lawns of strain 1000 contained 
less pyocyanine when grown on glycerol compared to glucose.   These 
results could almost be anticipated fron our previous findings.    The 
arguments for pyocyanine as the basic agent of iridescence and lysis 
were very compelling, but inconclusive, especially in light of the 
findings by Wensinck et al.  (28) that the iridescent material was a 
qumolinol   rather than pyocyanine.    For this reason, we repeated our 
search for unique lipids in glycerol cultures by using different assay 
technics. 

Reexamination of cell lipid extracts.    We had previously examined 
all the lipids extracted by the Folch et al. method (29) on Silica gel 
thin layer chromatograms  (TLC).    This time we excluded all the water 
soluble lipids by using the extraction method of Wensinck et al.   (28) 
and analyzed the alcoholic extract in the Gary 15 spectrophotometer. 
An UV absorption spectrum corresponding to 2-alkyl-4 quinolinols was 
obtained in all extracts except glycerol-grown P.  aeruginosa 1000 cells. 
The amounts of quinolinols were assayed and presented in Table 19.    In 
other experiments, we found that the quinolinol content varied with 
time, especially for P.  aeruginosa 227 glucose grown cultures.    However, 
the results presented are indicative of the relative amounts of quinol- 
inols in agar cultures.     It now remained to be seen if these lipids 
were somehow overlooked on TLC. 

The extracts were examined on TLC developed in a tank contain- 
ing CHCl3:CH3COOH:15N NH^OH (65:30:5).    At first, no spots indicative 
of the quinolinols were found.   However, on closer scrutiny we discovered 
fluorescent spots which volatilized and disappeared from the TLC two 
minutes after removal from the developing tanks.    When the developing 
front was allowed to migrate 8 cm, P.  aeruginosa 227 glycerol grown 
extracts had one fluorescent spot wEich migrated with the front and a 
lower fluorescent spot about 2.5 cm lower.    Both had UV spectrographs 
characteristic of 2-alkyl-4 quinolinols.    P.  aeruginosa 1000 glucose 
grown cells had one lipid spot 2.5 cm away from tne front and P. 
aeruginosa 227 glucose had no spot that could be visualized by UV. 
Since the lower spots usually disappeared first, we assumed that this 
was the spot in P.  aeruginosa 227 glucose which was assayed spectro- 
photometrically In the alcoholic extracts. 

Premature introduction of pyocyanine and 2-alkyl-4 quinolinols 
into agar cultures^    Pyocyanine and the quinolinols were extracted 
from cultures of strain 227.    The lipid extracts were incorporated 
into sterile paper discs and allowed to dry.    The inpregnated discs 
were then placed on freshly inoculated lawns of strains 227 and 1CC0 
on 3% glycerol and 1% glucose agar.    The results are shown in Table 20. 
It was obvious Ihe pyocyanine inhibited plaquing in both strains, but 
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Table 19: Spectrophotometric estimation of 2-alkyl-4 quinolinols in 
plaque material.a 

P. aeruginosa strain Amount of plaque material 
culture source      mg/mg 

protein ratiob 
mg/gm 

dry weight ratiob 

Strain 
227/glycerol a^ar     0.136 1.0 13.9 1.0 

227/glucose agar      0.008 0.06 0.77 0.06 

1000/glucose         0.008 0.06 0.72 0.05 

1000/glycerol         0.0004 0.003 0.048 0.003 

«jAssay derived by Wells (30). Pyo lb; E}^ at 328nm = 438. 
°A11 ratios were based on the yield of quinolinols in cells of 
P. aeruginosa strain 227 grown on glycerol agar. 
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only inhibited the growth of strain 2^7. Whenever plaques were in- 
hibited, so was any previously concomitant lysis. The quinolinol 
mixture was difficult to assess because of its propensity to volatilize 
and dissipate. Nonetheless, in the immediate vicinity of the impreg- 
nated discs, the IR (plaquing) was obviously reduced or obviated. 
Perhaps it was a matter of concentration, but no growth inhibition 
occurred around the quinolinol discs. One interesting sidelight was 
that the quinolinols on strain 227 glycerol agar seemed to stimulate 
the early production of a blue, green pigment, suggestive of a 
pyocyanine precursor. The most interesting conclusions to be drawn 
are that these compounds are the cause of IRL. Their influence when 
introduced prematurely into the cultures suggested a feedback inhibi- 
tion. From the preliminary data, it seemed that the quinolinols were 
responsible for iridescence and maybe pyocyanine production, whereas, 
pyocyanine was more responsible for lysis in susceptible cultures. 

Summary and Conclusions. 

1. Pathogenes^ of experimental bataviae leptospirosis in dogs. 

Clinical, microbiological, clinical biochemistry, and histochemical 
studies have been completed. Histopathological and electron microscopic 
studies are underway. Data compiled to date indicates that the basic 
lesion of bataviae leptospirosis in a dog is a subcellular one, 
primarily of damaged mitochondria and cell membranes. 

2. Ribosomal vaccine for leptospirosis. 

Results of studies indicate that ribosomal preparations are good 
immunogens which can protect hamsters against both death and develop- 
ment of the renal carrier state when challenged with homologous sero- 
vars. However, on a per milligram of RNA basis, they offer no better 
protection than the standard leptospiral bacterins and suffer from 
the disadvantage of being expensive to prepare. Very little protection 
was provided by either the bacterin or ribosomal preparations against 
challenge with heterologous serovars. 

3. Leptospira biflexa contaminants in bacteriological and tissue 
culture media. 

Contamination of bacteriological and tissue culture media by 
Leptospira biflexa was traced to use of deionized water and filtration 
sterilization technics. Chances for leptospiral contamination of media 
sterilized by filtration may be eliminated by the use of distilled 
water, or boiled deionized water, or by heating media at 56 C for 1 h. 
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4. Characterization of leptospiral isclates from Malaysia. 

A total of 1424 pathogenic leptospiras isolated from natural 
waters and wet soils in Malaysia comprised 29 different serovars (syn. 
serotypes).   All except two of the serovars had been found previously 
in Malaysia.    The exceptional serovars were weerasingha, an Autumnalis 
serogroup member originally isolated in Ceylon, and a new serovar 
designated evansi.    Serovar eyansi had serological affinities with 
serovar ranarunTwhich was isolated from the kidney of a frog in Iowa. 
The large variety of serovars found in jungle areas was consistent 
with similar previous findings of diverse serovar infections in troops 
who had operated in Malaysian jungles. 

5. Phenotypic characteristics of a genetically distinct leptospira, 
serovar illini, strain 5055. 

A genetically distinct leptospiral strain (3055) was found to be 
serologically unrelated to all known serological types of pathogenic 
and saprophytic leptospiras.    It was, therefore, designated illini. 
Phenotypically it could not be readily distinguished from strains of 
L. biflexa, although it probably represents a new species on the basis 
of its DtoA base composition. 

6. Leptospiral jaundice in a spectacled bear at Baltimore Zoo. 

A case of leptospiral jaundice in a spectacled bear in tne Balti- 
more Zoo was epidemiologically related to high infestation of infected 
rats in the area. 

7. Regulatory mechanisms in smooth and rough strains of Pseudomonas 
pseudomallei. 

Under balanced nutritional conditions with glycerol as a carbon 
source and ammonium sulfate as a nitrogen source, the major pathway of 
NHt assimilation in P. pseudomallei appeared to be via. the enzymatic 
reaction of pyruvate with NH| to form alanine.    This reaction is cata- 
lysed by alanine dehydrogenase with either NADH or NADPH as a cofactor. 
This knowledge will allow further investigation of the distribution of 
ammonia within the organism by determination of transaminase enzyme 
activity.    Further experimentation to elucidate the factors regulating 
nitrogen metabolism in these organisms will be performed.    First, to 
determine the effect ul  nutritional factors, such as NH4 concentration, 
glucose and glycerol coin ■        f ion on the activity of the anmonia 
scavaging enzymes; and, second,  to determine the nitrite and nitrate 
reductase enzyme activity of these organisms since the rough strain is 
able to reduce nitrate to a gas while the smooth strain 165L is unable 
to reduce nitrate beyond nitrite. 
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8. An unusual pseudomonad from the U.S. resembling Pseudomonas 
pseudomallei. ■■-«———. 

An unusual pseudomonad (C6786) isolated from an infected wound 
in an Oklahoma fanner was indistinguishable biochemically from P. 
pseudomallei but differentiable on basis of serology.    Unlike P. 
pseudomallei, it was avirulent for hamsters.    Furthermore, it appeared 
to differ from P. pseudomallei in DNA composition.   The findings under- 
line the importance of use of confirmatory serological tests to 
identify P. pseudomallei strains. 

9. Iridescent lysis of Pseudomonas aeruginosa cultures. 

In addition to pyocyanine, a quinolinol appeared to be a signifi- 
cant factor in production of iridescent lysis on agar lawns of 
Pseudomonas aeruginosa.    Quinolinols appeared to be responsible for 
iridescence and perhaps pyocyanine production, whereas, pyocyanine was 
more important for lysis in susceptible cultures. 
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Description. 

This work unit is concerned with the development of manufacturing 
methods for the production of new effective vaccines for military use, 
and with the modification of existing biological products to increase 
effectiveness and reduce reactivity,  to afford greater stability, and 

to minimize logistic requirements. 

Progress. 

1. Meningococcal Vaccine. 

During the past year studies have continued on the develop- 

ment of pilot scale methods for the preparation of protein antigens 
from Neisseria meningitidis group B, for use in the immunization of 

man against this type of meningococcal meningitis. 

Of the six protein antigens previously prepared in this 

laboratory, three looked very promising as immunogens in a mouse 
protection assay for the evaluation of potential group B meningo- 
coccal protein vaccines (Annual Report 1973). In order to obtain 
preparations for evaluation of immunogenicity in man, new lots of 
these three protein antigens, B-59-AG (Antigen I), B-59-TCA (Antigen 
II) and B-60-Soap (Antigen III), were prepared suitable for human use. 

Some modifications and additions to the original procedures 

were made to facilitate the processing and improve the products. In 
the first two preparations the phenol-inactivated filtrates were 
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centrifuged Immediately after adjustment to pH 4.5 with glacial acetic 
acid. Other modifications to the processing were as follows: 

B-59-AG - The ethyl alcohol precipitate was collected, 
dissolved In alkaline water (pH 11.0), and the resulting solution was 
dlalyzed against distilled water at 5 C. The dlalyzed solution was then 
adjusted to pH 7.4 from pH 4.5 with 1 N NaOH. 

B-59-TCA - The final TCA precipitate was suspended in 
distilled water, adjusted to pH 9.0 with 10 N NaOH, and dlalyzed against 
distilled water at 5 C. The pH of r.he dlalyzed solution was adjusted 
with 1 N NaOH from pH 4.9 to pH 7.4. 

B-60-Soap - The dlalyzed material was adjusted to pH 4.5 
with 10% acetic acid and held at 5 C for 18 hours. A very stable 
emulsion formed anu ethyl alcohol was added to a final concentration 
of 80% alcohol. The heavy precipitate was collected after standing it 
5 C for 3 hours and then dissolved in water. The solution was 
adjusted to pH 7.4 from pH 6.2 with 1 N NaOH and dlalyzed against 
distilled water at 5 C. 

Each of the final dlalyzed preparations (ph 7.4) was 
centrifuged at 100,000 x g for 1 hour.  The sediments were discarded. 
The supematanfs were filtered through 0.22 micron Milllpore filters 
supported on aither side by Milllpore clarifying pads. Each filtrate 
was dispensed into vials (sc that each vial contained two milligrams 
of protein) and was freeze-dried. 

The final freeze-dried products were assayed for total 
solids and for protein, nucleic acid, sialic acid, and carbohydrate 
content.  In addition, antlgenicities were measured by gel diffuuion 
(Ouchterlony) against seven Immune rabbit sera. The results are 
recorded in Table I. Furthermore, in all preparations, a large 
portion of the total protein content was excluded in the void volume 
of a G-200 Sephadex column, indicating a mclecular weight of 100,000 
daltons or greater. 
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The three protein preparations were tested for safety In mice 
(100 pg protein/dose) and In guinea pigs (300 ug protein/dose). All 
animals survived, appeared healthy and showed a weight gain at the end 
of the observation period, with one exception. The three guinea pigs 
Inoculated with the 500 ug protein level of Antigen B-59-AG showed a 
weight loss averaging 29 grams. However, no weight loss was observed 
with the 250 yg level of this antigen. 

The three antigens were also tested for pyrogenlclty In 
rabbits. The protein level for each antigen at which no significant 
rise In temperature was observed over the 3 hour test period Is shown 
In Table II. 

TABLE II 

Rabbit Pyrogenlclty Test 

Antigen 

B-59-AG 
B-59-TCA 
B-60-Soap 

Maximum Pyrogen-Free Level 
 (Protein (ug)) 

0.0025 
0.025 (0.25 Is borderline) 
0.025 (0.25 Is borderline) 

Finally, the protein antigen preparations were tested for 
Immunogenlclty by the mouse protection assay system (previously 
described In Annual Report 1973). The results are summarized in Table 
III. 

TABLE III 

Mouse Protection Activity of B-ll Protein Antigens 

Antigen 

B-'>9-AG 
B-59-TCA 
B-ö0-Soap 

EDJO 
(yg protein) 

11.54 
3.92 
2.30 

95% C.L. 
(yg protein) 

A.58 - 31.30 
1.56 - 9.56 
0.92 - 5.60 

On the basis of the results obtained, the B-59-TCA and 
B-60-Soap preparations were considered candidate Immunogens suitable 
for evaluation in nan.  These preparations, along with two other 
protein antigens prepared by CAPT Wendell D. Zolllnger of the Dept. of 
Bacterial Diseases, are included in a proposal to test new menlngococcal 
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protein vaccines In human volunteers, submitted to the Army Investi- 
gative Drug Review Board for approval by Dr. K. S. Artensteln, Dept. 
of Bacterial Diseases, WRAIR. 

2. Typhoid Fever Vaccine. 

During this year two experimental freeze-drled, living typhoid 
fever vaccines for oral administration were prepared for human trials 
to be conducted by the Div. of Infectious Diseases, University of 
Maryland School of Medicine. One vaccine was prepared as previously 
described (Annual Report 1973) using the streptomycin-dependent vaccine 
strain (27V) of Salmonella typhi. and the second vaccine was prepared 
using an epimerase-less strain of S^. typhi Ty21a. Studies were also 
continued on the method of production of the 27V living vaccine with 
the goal of shortening the production procedure to a more practical 
time schedule.  In addition, investigations were initiated on methods 
for producing a soluble, purified typhoid vaccine which might be less 
reactive than the current commercially available acetone killed and 
dried vaccine. 

a. Investigations were continued on the development of an 
improved procedure for the pilot scale production of a stable hlgh- 
titered living typhoid vaccine (Salmonella typhi strain 27V, strepto- 
mycin-dependent) for oral administration to humans. The procedure as 
outlined by Dr. M. Snyder of the University of Maryland School of 
Medicine (Annual Report 1973) required extended periods of Incubation 
(48 hours on agar and 16 hours in broth) resulting in a prolonged 
production schedule. 

Previous experimental results (Annual Report 1973) 
indicated that the inclusion of 250 yg of streptomycin in trypticase 
soy agar permitted a reduction from 48 to 24 hours in the incubation 
time required for plate counts of viable organisms. Accordingly, the 
effects of varying concentrations of streptomycin in the trypticase 
soy seed broth, and of the volume of inoculum transferred to the seed 
broth, on the growth of the 27V strain were examined. The results of 
these studies are shown in Table IV. 
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TABLE IV 

Effect of Size of Inoculum, Streptomyc-Ln Concentration and 
Incubation Time on Growth of £. typhl strain 27V 

In Seed Broth 

Concentration of Volume 
Streptomycin in of Incubatd on (Hours) 
the Seed Broth Inoculum 4 6 8 16 

(ug/ml) (ml) (Viable count x 10») 

0.1 0.32 0.7 0.6 
0 0.5 1.7 2.6 3.6 4.6 

1.0 3.2 4.6 8.1 
2.0 6.1 7.1 5.6 6.6 

0.1 0.43 1.2 2.1 
10 0.5 2.0 3.3 5.0 6.1 

1.0 2.8 5.0 6.4 
2.0 5.8 8.8 9.1 7.8 

0.1 0.36 1.2 2.9 
50 0.5 2.6 4.9 8.1 8.2 

1.0 3.7 8.5 8.9 
2.0 6.9 7.6 11.2 9.4 

0.1 0.6 3.1 7.7 
250 0.5 3.9 6.9 10.1 8.8 

1.0 4.9 8.3 11.6 
2.0 7.4 15.5 11.8 8.5 

0.1 0.61 3.4 8.8 
500 0.5 4.5 8.7 10.4 8.9 

1.0 4.7 9.8 11.7 
2.0 10.8 10.6 12.2 9.8 

0.1 0.65 2.8 8.2 
1000 0.5 4.5 9.6 11.0 10.1 

1.0 5.5 9.4 12.3 
2.0 8.4 12.9 11.8 10.5 
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From the results above It appears that the previously 
used Incubation period of 16 hours In tryptlcase soy broth can be 
shortened by altering the concentration of streptomycin In the broth 
and the size of the Inoculum. Maximum viable tlters are obtained 
after 6 hours Incubation when 2 ml of Inoculum are transferred to 
seed broth containing 250 yg of streptomycin per ml. 

The effect of an Increased concentration of streptomycin 
In the broth and agar, and the effect of shortened Incubation times 
on the number of viable organisms and on their survival through the 
freeze-drylng procedure were also determined. A frozen seed culture 
was quick-thawed and streaked on tryptlcase soy agar containing 250 
ug of streptomycin per ml. After 18 hours incubation, the growth on 
the agar surface was harvested In 5 ml of saline, and 100 ml of seed 
broth containing 250 yg of streptomycin were inoculated with 2 ml of 
the harvest. After incubation for 5-6 hours, 2 ml of seed broth 
culture were then transferred and distributed over the surface of 
tryptlcase soy agar (in Kolle flasks) containing 250 yg of strepto- 
mycin per ml of agar and the flasks were Incubated at 36 C. After 15, 
18, 21, 24 and 48 hours incubation, a representative number of Kolle 
flasks was harvested at each time period, and the pools distributed 
10 ml per 50 ml vial, frozen and freeze-dried. The results of viable 
counts on the fluid and freeze-dried preparations are shown in Table V. 

TABLE V 

Viable Counts and Percent Recovery of Salmonella typhi strain 
27V, Harvested and Freeze-Dried after Varying 

Incubation Times 

Incubation 
Time on Agar 

Viable Count (xlO10) 
Fluid Freeze-Dried 

Harvest Product 

6.9 1.7 
3.3 2.6 
3.8 2.6 
3.3 2.6 

11.0 2.4 

Recovery 

(Hours) 

15 
18 
21 
24 
48 

(%) 

25 
79 
67 
79 
22 

Although the viable counts in the fluid harvests were 
higher at 15 and 48 hours than at the intermediate incubation times, 
survival rates over the freeze-drylng procedure for the organiems 
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u harvested at Intermediate times were significantly higher, resulting 
In final dried products at approximately the same number of viable 
organisms. The results definitely show that 48 hours incubation 
does not offer any advantages and that 18 - 24 hours Incubation is 
sufficient. 

The results of these and previous studies Indicate, 
therefore, that the production time of attenuated vaccines prepared 
with this streptomyclu-dependent strain of S.  typhi can be reduced 
from 5 days to 3 dayt with no reduction in the number of viable 
organisms in the final freeze-dried product. 

b. An epimerase-less strain of £. typhi (Ty21a) on blood 
agar was provided by Dr. M. Snyder of the University of Maryland 
School of Medicine. The major defect in this strain is the lack of 
the enzyme urldine-dlphosphate-galactose-4 eplmerase which is 
responsible for the conversion of galactose to lipopolysaccharide 
cell wall components. The strain is therefore a "rough" strain and 
is avirulent in experimental animals. 

Colonies were picked from the blood agar plates and 
seeded on Brain Heart Infusion Agar (BHI) plates. After Incubation at 
36 C . or 2. hours the growth on the plates was harvested in a sucrose- 
phosphac*.-^ Lutamate solution, pH 7.2 (SPG). Human serum albumin (HSA) 
was then added to a concentration of 2%  and the suspension was 
distributed 1 ml per 6 ml serum vial, and frozen at -70oC. This 
served as seed material for the production run. 

A vial of frozen seed material was quick-thawed and the 
contents were seeded on BHI agar. After incubation at 36 C for 18 
hours, a loopful of growth was transferred to 350 ml of BHI broth in 
a 1 L flask. This was incubated at 36 C with frequent shaking. After 
6 hours, growth was well established and 2 ml of this seed culture was 
distributed over the agar surface in each of 150 Kolle flasks (60 ml 
of BHI agar/flask). After 18 hours incubation at 36 C, 10 ml of SPG 
solution were added to each Kolle flask, and the growth was removed by 
scraping and suction. The resulting harvests were pooled and HSA was 
added to 2.5%. The pool was immediately distributed 10 ml per 50 ml 
vial, frozen at -60oC and freeze-dried. The resulting freeze-dried 
vaccine contained 76x10^ viable organisms per ml. Approximately 130 
vials of this vaccine were provided to the University of Maryland 
School of Medicine for evaluation. 

c. During this period studies were initiated on the 
application of various inactivating and purification procedures to 
fluid and agar grown cultures of S.  typhi. strain Ty2. The initial 
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experiments with the fluid grown preparations were designed to 
determine the effectiveness of phenol, formalin and cetavlon as inacti- 
vating agents for rendering the cultures safe for further processing. 
The Inactivating agents were added to 18 hour broth cultures, and 
samples were removed at various time periods, during which the 
cultures were held at 22 to 24 C. The results of plating these samples 
are shown in Table VI. 

TABLE VI 

The Rate of Inactivation of S^. typhi, Ty2 Treated 
with Formalin, Phenol and Cetavlon 

Time of 
Inactivation 

Inactivating Agent 
0.5% ™~"  0.1%   ^ *" 0.1% 

Phenol    Formalin    Cetavlon 

(Growth + or -) 

15 minutes 
30 minutes 
60 minutes 

120 minutes 
240 minutes 
24 hours 

4+ 4+ 
4+ 4+ 
3+ 4+ 
2+ 4+ 
1+ - 

Cetavlon completely Inactivated the organisms within 15 
minutes, formalin within 4 hours, and phenol within 24 hours. Each 
culture was then centrlfuged and both the supernatant and sediments 
were extracted by various procedures. The resulting extracts are 
currently being characterized and will bt. compared with the commercially 
available acetone killed and dried typhoid vaccine in terms of immuno- 
genlclty, safety and toxlcity. 

3. Dengue Virus Vaccine. 

During this period studies have continued on the adaptation 
of dengue virus type 2 to cell culture systems which are suitable for 
the preparation of vaccines for human use. 

a. Passage of dengue virus type 2 (strain PR159) in a 
continuous line of fetal rhesus monkey lung (FRhL) cells (Wallace 
1973) was continued.  Five additional passages were made using the 
procedures previously described (Annual Report 1973). A summary of 
the results of the recent passages is presented in Table VII. 
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TABLE VII 

Passages of Dengue 2 Virus (PR159) in FRhL Cells 

Passage 

5 

Inoculum Day of Titer 
(0.5 ml) Harvest (PFU/0.2 ml) 

2.5xl06PFU 3* 1.6x10^ 
(Pass A-Day 5) 5 2.4xl06 

8.7xl06PFU 3* 1.2xl06 

(Pass 5-Day 5) 5 2.1xl06 

l.lxl06PFU A* 3.1xl0j? 
(Pass 6-Day 5) 6 5.3xl06 

1.8xl07PFÜ 3* 4.2x10^ 
(Pass 7-Day 6) 5 1.2xl06 

4.2xl06PFU** 3* 3.0x10J 
(Pass 8-Day 3) 5 1.5xl06 

* Culture fluids harvested and cell sheets refed with MEM+2% FBS. 
** Volume of inoculum for this passage was 0.2 ml. 

A small lot of pre-seed material was made from the passage 
8 harvests. At the passage 9 level a seed lot was prepared by the 
following method. Fluids from 25cm2 flasks were removed from confluent 
monolayers, the cell sheets were washed with HESS and then each flask 
was inoculated with 0.2 ml of the passage 8 pre-seed material. After 
an adsorption period of approximately 2 hours the inocula were removed 
and each cell sheet was washed three times with 5 ml of HESS. The 
flasks were refed with 5 ml of maintenance medium which consisted of 
the following: 

Minimum Essential Medium (Eagle) 
0.25% Human Serum Albumin 
1.0% Glutamine 
0.1% Streptomycin and Neomycin 

The fluids were harvested on day 3 and the cells were refed with the 
same medium as above. On day 5 the fluids were harvested again and 
mixed with an equal volume of HSA which had been previously adjusted to 
pH 7.5 with 1 M NaOH. Allquots were dispensed into glass sealed ampules 
and stored at -70 C. This seed virus will be used for studies on the 
development of a vaccine for human use. 
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It was also of Interest to determine If adaptation and/ 
or attenuation had taken place during the passage of the virus In 
FRhL cells. Therefore, passage 3 and passage 6 materials were 
compared In terms of replication in FRhL cells at a high and a low 
multiplicity of infection (MOI), and in terms of mouse neurovlrulence. 
The results are presented in Tables VIII and IX. 

, 
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TABLE IX 

Inoculation of Suckling Mice with Dengue Virus (PR159) 

Dilution Passage 3 Passage 6 

Undll. 7/7* 7/7 10"i 7/7 7/7 
IG"2, 7/7 7/7 10i 7/7 7/7 
lO-« 6/7 3/7 
10'1 5/7 A/7 
lO-6 2/7 0/7 
IQ"7 .0/7 

LD50-10-A'5/0.02 ml LD50-10-5-4/0.02 ml 

Each mouse was Inoculated IC with 0.02 ml. 
* No. of deaths/total Inoculated. 

From the above results, It does not appear that adaptation has taken 
place, since the passage 3 material Is comparable to the passage 6 
material at both high and low multiplicities of Infection. The 
passage 6 material seems to be slightly less neurovlrulent for mice, 
but more data will be necessary to confirm this observation. 

b. Dengue virus type 2 (PR159) which had been previously 
passaged once In certified primary African green monkey cells was also 
passaged In FRhL cells. Table X shows the results of the passages. 
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The FRhL/3/day 14-12-7 material was tound to consist 
entirely of small plaques In LLC-MK2 cells, was temperature sensitive, 
had a lower mouse neurovirulence and produced no viremia but good 
antibody responses in primates. This virus is being passaged further 
to determine its stability in FRhL cells. 

This small plaque variant appears to be an ideal candi- 
date for an attenuated vaccine. Therefore, the passage procedure 
wi^l be repeated in FRhL cells certified to be suitable for the 
preparation of vaccines for human use. 

c. Studies were also initiated to determine whether dengue 
2 virus (PR159) can be induced to replicate in other types of cells 
by applying the same passage procedures. WI-38, primary dog kidney 
and chick fibroblast cells were Inoculated with dengue 2 virus that 
had been previously passaged in FRhL cells. Tables XI, XII, and XIII 
show the results of these passages to date. 

TABLE XI 

Passages of Dengue 2 Virus (PR159) in WI-38 Cells 

Inoculum;  FRhL/l/Day 14-8 l.lxl03PFU* 

WI-38/l/Day 7** l.OxlO1 

WI-38/l/Day 12-7 8.5xl02 

Inoculum;  Wl-38/l/Day 12-7 

WI-38/2/Day 8** 8.6xl03 

WI-38/2/Day 11-8 3.7xl05 

Inoculum;  WI-38/2/Day 11-8 

WI-38/3/Day 3** 5.1x10^ 
WI-38/3/Day 5 1.6xl05 

Inoculum;  WI-38/3/Day 5 

WI-36/4/Day 4 1.4xl05 

* Volume of inoculum was 0.5 ml; harvest tlteru in terms of 
PFU/0.2 ml. 

** Culture fluids harvested and cell sheets refed with 
MEWf2% FBS. 
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TABLE XII 
i 

Passage of Dengue 2 Virus (PR159) In Primary 
Dog Kidney Cells 

Inoculum; FRhL/7/Day 6-4 1.4xl07PFU* 

DK/1/Day 7** 4.3xl02 

DK/1/Day 13**-7 l.SxloJ 
DK/1/Day 20-13-7 2.1xl02 

DK/1/Day 27-20-7 3.2xl02 

* Volume of Inoculum was 0.5 ml; harvest titers In terms 
of PFU/0.2 ml. 

** Culture fluids harvested and cell sheets refed with 
MEMf2X FBS. 

TAZLE  XIII 

Passage of Dengue 2 Virus (PR159) in Chick 
Flbroblast Cells 

Inoculum; FRhL/7/Day A 3.7xl06PFU* 

Chlck/1/Day 5** 0 
Chlck/1/Day 12**-5 0 
Chick/1/Day 19**-12-5 0 
Chlck/1/Day 26-19-12-5 0 

* Volume of Inoculum was 0.5 ml; harvest titers In terms 
of PFU/0.2 ml. 

** Culture fluids harvested and cell sheets refed with 
MEMf2% FBS. 

As can be seen from the above tables, the dengue 2 virus 
showed evidence of replication In the WI-38 cells, and the virus 
persisted during the first passage In primary dog kidney cells.  The 
chick flbroblast cells appeared to be refractory to the dengue 2 virus. 
Further studies will be done with WI-38 cells and dog kidney cells In 
order to determine If these cells are suitable hosts for dengue vaccine 
production. 

d.  It was also of Interest to determine If dengue 3 virus 
(strain CH3489) would replicate lu FRhL cells.  Using the procedure 
described above, dengue 3 virus which had been passaged once In 
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certified primary African green monkey cells was used for further 
passages In FRhL cells. Table XIV represents a summary of the results 

of these passages. 

The results Indicate that dengue 3 virus does replicate 
In FRhL cells. Further work with this virus will be carried out In 

certified cells. 
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23 (U) The objective of this work unit Is to elucidate the mechanisms operative in 
the natural and art'flclal induction of immunity to a variety of mlcroblal infections 
of military importance. Thlr Includes the study of infections in model systems and 
the development of methodologies for the study of the immune reaction in humans for 
research as well as diagnostic evaluations. 

2U (u) The approaches used for these studies Involve the measurement of various 
parameters of disease and of the immune response to disease both in in vivo and 
in vitro experiments. A variety of diseases are attacked with current emphasis on 
schistosomlasis and hepatitis. Immunological phenomena common to a variety of 
different diseases are also studied. 

25 (U) 73 07 - 71* 06 New methodology for the isolation, purification, and analysis of 
hepatitis associated antigen have been developed.  A radioimmunorssay system has been 
devised for the measurement of antibodies to African trypanosomes and is being adapted 
to the study of other infectious diseases. For technical report see Walter Reed Army 
Institute of Research Annual Progress Report, 1 July 1973 to 30 June 197^. 
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Project    3A16U02B71Q,    COMMUNICABLE DISEASES AND IMMUNOLOGY 

Task 00   Communicable Diseases and Immunology 

Work Unit 172    Immunologieal mechanisms in microbial infections 

Investigators. 
Principal:     LTC Carter L. Diggs, MC, M.D. 
Associate:    LTC K. W. Hedlund, M^, M.D.; CPT Gary H. Campbell, M3C, 

Fli.D.; Louis Barno; John Bussey; Louis T. Cannon, Sr., 
B.S.; Albert E. von Doenhoff, B.S.;  James Dillon, B.S.; 
SP5 Barry Ellis, B.S.; Barbara J. Flemmings, B.S.; 
PPC Chris Goodhue; Mary Nbwicki; Robert W. Sanders; 
Lois A. Simonton, B.S.; Andre J. Toussaint, M.S. 

Effort in this work unit during the preceding year was divided 
between service and research.    The service function consists of the 
performance of diagnostic tests in support of patient care or research 
projects reported in other work units.    These services are summarized 
in Table 1.    Research activity was directed towards an increased under- 
standing of the immunology of infectious disease through the development 
and exploitation of improved assay procedures and diagnostic tests. 
These research projects are described below. 

1.    Radioimmunoassay for detection of class-specific antibody. 

Objective.    These studies were designed to develop and evaluate a 
radioimmunoassay (RIA) for the quantitation of Ig£r or IgM antibodies 
against particulate or soluble antigens.    The advantage is that quanti- 
tation in milligram amounts of antibody directed against a particular 
antigen is possible.    Using the proper reagents, the amount of antibody 
belonging to a particular imraunological class can be determined. 

Description.    Radioimmunoassay techniques began receiving wide- 
spread attention after the observations of Berson and Yalow (l) that 
radiolabeled insulin could be bound by low concentrations of antibodies 
to that hormone.     Unknown concentrations of insulin could be determined 
because the unlabeled hormone would compete with the labeled hormone 
for sites on the antibody. 

Radioimmunoassay procedures have been developed most extensively 
for the detection of hormones, but have also been applied to measurement 
of other substances including drugs, pathological agents, viral proteins 
and enzymes.    RIA has also been used to quantitate total immunoglobulin 
levels (2,3)    In addition to total immunoglobulin quantitation, RIA 
procedures have been used to detect antibodies to rabies (U), schisto- 
soraiasis (5),  ragweed antigen E (6), KIH (7) and other antigens.    These 
assays, although using radiolabeled antigens or antibodies, do not use 
the competition typ; assay leading to class  specific antibody quanti- 
tation and many do not lend themselves to ease of routine performance 
necessary for diagnostic purposes. 

678 

illliMÜMMIilMMi 



M|Qngaffm*MliP i  '■l    l,l™l,>|i|l",|w»»w*'"W««W«lli|ilii«W IMU   I«I«IH.PI|II.!|II  wm—mmm- mm—^^ 

a) 
H 

I 

5S 

ON           1 
ir\        i 
OJ           l 

CO 

8^ 

13 

fe 

■a 

^ 

& 

OJ 

K 

in 
O 
OJ 

OJ 

« 

o 
OJ 

CO 

T?             ' a\ 
t-            1 H 
IA          1 OJ 
H          1 

m 
oo 
on 

t- 
00 

VO 

t^ 
VD 

Rl 

o 
OJ 

m 

U   i a) 
a) H ß a) 

■P a) o ^ 
•H +> -H < 

1 
1 
1 

to 0) 0) 
aJ H ß -0 (t 

■P a! 0 •H U 
TH -P ■H M < 
H   to P P> 

^5 a) 
r-l 5H 

OJ. 

^ 

^ 

& 

a 
^ 

679 

M^Mm^ *-"-'^--^■"^-- 



IWIHUI mm* ■ ' ii MiWpj IllUIUIHiW BlIlllfPlppMWipii.iyi i.itiiii   " ^y-."1 "uiwj't "■"■n 

a)    RIA for class-specific detection of antibody directed against 
whole Trypanosoma rhodesiense organisms. 

Progress.     The ability to quantitate IgG or IgM is based on the 
principles used in many of the hormone assays.     Radiolabeled IgG can be 
inhibited from binding to a limited amount of anti human IgG by addition 
of standard or unknown amounts of unlabeled IgG.    Thus, a standard curve 
can be established for quantitation of unknown immunoglobulin concen- 
tration. 

The method used for separation of free labeled IgG from antibody- 
bound labeled IgG is the membrane filtration technique of Bore]la (8). 
Membrane filters with a pore size of 0.22 a, are used to separate 125i- 
IgG from ^ ^I-IgG -antibody complexes.    The radioactivity of the membrane 
after filtration is an indication of the amount of radiolabeled antigen, 
either IgG or IgM,  that is bound to a standard amount of antibody in 
each reaction mixture. 

Replacement of labeled IgG or IgM by unlabeled immunoglobulin lowers 
the radioactivity trapped on the membrane and allows a standard curve to 
be constructed.    The amount of IgG or IgM in an unknown solution can be 
determine! by reading the percent radioactivity bound on the standard 
curve versus the amount of standard IgG or IgM which gives that percent- 
age of binding of the radiolabeled IgG or IgM.    A standard IgG curve is 
shown in Figure 1. 

Fig.   1.  Log-logit plot of IgG standard curve. 

I 

50 60 

Nanograms unlabeled IgG 

1 
100 

680 

mm 



■W1P^I,W,""P,■ ■jumMinmmn     i    > . i.. 11 11 i.iuuiiM»i».w»Miii IIUIPM'II"»'1"'w« "i"1'^ "W"|.«'ww'l?"l'■l •       mmtvm^v« mm 

u To measure specific antibody, such as antibody to a trypanosome 
organism the antibody must be isolated from other immunoglobulins found 
in the serum.    After isolation, it can be quantitated through the im- 
munoglobulin class-specific assay just described.    The procedure used for 
class-specific quantitation of an antibody to T.  rhodesiense is shown 
in Table 2. 

In order to quantitate immunoglobulin according to class, severaJ 
criteria for the reagents must be met.    No cross reactions between the 
IgM and IgG antigen and antibodies used were detectable by immunodif- 
fusion.    Table 3 shows the inhibition of each reaction with non-specific 
immunoglobulin reagents.    IgM reagents are approximately 100 times more 
sensitive for detection of IgM than for IgG.    IgG reagents on the other 
hand are less than 50 times as sensitive for IgG as for IgM.    Another 
criteria is sensitivity of the reaction.    The sensitivity of the re- 
agents was demonstrated by the ability of the IgM reagents to detect 
h nanogram" of IgM, the standard curve having a range of U-UO nanograras. 
IgG could be detected at a concentration as low as 10 nanograms with a 
range of the standard curve between 10 and 200 nanograms.    Table h shows 
the precision of the determination for standards run in different assays. 
These amounts were determined in separate experiments with a standard 
curve run at the same time.    The standard curves are parallel from one 
experiment to the next; however, they are not always superimposable, 
indicating that a standard curve should be set up each time the assay 
is run. 

; 

Table 5 shows that the total IgG antibody appears  lower if too 
much (1/200) antibody is used in the assay.    Excess antibody is lost 
during washing of the antibody-trypanosomes complex and causes an 
erroneously low final measurement once the dilution of serum is con- 
sidered. 

Non'-antibody immunoglobulin must not be bound to the trypanosome 
antigen or it would be detected as specific antibody. When normal serum 
at a 1/200 dilution was used no IgG could be detected on the washed 
trypanosome antigen. 

The assay was used to measure the IgG and IgM antibody response in 
Rhesus monkeys infected with 10,000 T.  rhodesiense organisms.    The anti- 
body amounts are shown on Table 6.    The values are the average of anti- 
body determination at two dilutions of antibody.    Each dilution was run 
in triplicate and compared to a standard curve performed at the same 
time as the antibody assay.     No antibody was detected In unlnf* Led 
rhesus sera. 

681 

  MMMMHIMMM ■■'^■■■'' -'"ilMiilil Hlilül ^...i.-.^- .j...-.. 



mm.^*m»Mvmwm**fmmwv*w-v'''iwm>vwiiwmvy*J',-'"mmm-   - ^w»Mi'i»?w^^'irw'P^»p^^ , - 'myrjim.vnim-v^-' 

Table 2 

Quantitative Determination of Rhesus Immunoglobulin Class-Specific 
Antibodies to T. rhodesiense 

Part A.    Binding of antibody (anti-trypanosome) to antigen (glutaralde- 
hyde fixed trypanosomes). 

1. 0.1 ml of varying dilutions of rhesus sera (infected with 
T.  rhodesiense were added to a pellet of 3-5 x 10° trypanosome 
organisms. 

2. The mixture was shaken at 37 C for 1 hour. 
3. The mixture was centrifuged at 770G for 10 minutes.    The super- 

natant was removed and the pellet washed 5 times with 3 ml of 
PBS containing 1$ rabbit serum (MKO. 

Part B.    Binding of goat anti-human immunoglobulin (e.g. anti-human IgG 
or IgM) to the antigen-antibody complex (trypanosome-anti- 
trypanosome). 

k.    O.U ml of a standard dilution    of goat anti-human IgG or IgM 
was added to the washed pellet of antigen-antibody complex 
(trypanosome-anti   trypanosome) from step 3- 

5. The mixtures were shaken at 370C for one hour and then placed 
at h0C for an additional 23 hours. 

6. The mixtures were centrifuged at 770G for 10 minutes and de- 
canted into a new set of tubes. 

Part C.    Indirect measurement of Immunoglobulin class-specific anti- 
bodies  (e.g.   IgG or IgM antibodies) bound to trypanosome 
antigen. 

b        125 125 
7. 0.2 ml of a standard amount    of       I-IgG or        I-IgM was added 

to the mixtures In each of the tubes.    Controls Included: 

a) 0.2 ml of standard amount of labeled IgG or IgM and O.k ml 
1^ NRS PBS. 

b) 0.2 ml of each standard labeled antigen and O.U ml standard 
dilution of each antibody (goat anti-human IgG or IgM). 

c) The standard curve was set up In step U by addition of 1-10 
lambda of appropriately diluted standard unlabeled antigens 
(IgG or IgM) to tubes containing trypanosome antigen and 
O.k ml standard dilution of antlsera (antl-IgG or anti-IgM). 

8. The mixtures were shaken at 370C for 1 hour and then incubated 
at 1+0C for 18 hours. 

9. The mixtures were filtered through 0.22 u Milllpore filters 
previously soaked In lOfc NRS-PBS.    The filters were held on a 
30 place filter manifold and counted in polyethylene tubes on 
a Beckman Biogamraa system. 

»That dilution of antiserum at which O.k ml will bind 50^ of the stand- 
ard homologous labeled antigen. 

bThe standard amounts of radiolabeled immunoglobulins of 
were 3.6 ug of l25l-IgG/0.2 ml and 0.1 ug of 125I-Igm/0. 

each class 
2 ml. 
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Table 3 

Specificity of IgG and IgM Reagents 

 , oi      ^1-IgM Value on; 

IgM Std. Curve 
0.01 IgM 65 >0096 

0.01 IgG 91! 

0-1    IgG 90 

1-0    ^ 77 .0055 

i of 125I-IgG IgG Std. Curve 
0-02 IgG 68 .021 

0.02 IgM 1oo 

0.1    IgM 85 .012 

1.0    IgM k >.2 ug 

Table k 

Reproducibllity of IgG and IgM Determinations 

„„ A^ ^      Apparent ug Determined     Mean        Standard 
Ug Added      from Standard Curve m ug      Deviation 

IgG 

.06 •066,   .06,   .05 .059 .007 

.02 .021,   .019,   .021+, • 03 .021+ .001+ 

IgM 

.01 .0076,   .013,   .01 .010 .002 

.02 .011,     .016,   .02 .016 .001+ 
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Table 5 

Milligrams Anti-trypanosome IgG Calculated 

Serum 
Dilution Hg IgG/0.1 ml 

IgG 
(mg/dl) 

Whole Serum 

1/200 .105 21 

l/i+00 .079 32 

1/800 .035 28 

Table 6 

IgG and It
TM Antibody Response of Rhesus Monkeys 
Infected with T.  rhodesiense 

Monkey Days after Inoculation 

Number 10 20 35 

1 IgG 5.2a 9.6 7.0 

IgM 8.6 h.7 6.2 

2 IgG 2.9 12.k 9-3 

IgM 7.8 <1 <l 

3 IgG 7.h 15.5 16.1+ 

IgM lk.2 9-8 9.2 

Mg/dl IgM or IgG antibody 
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4i 
Discussion.    In evaluation of the class-specific antibody assay, 

several criteria rau^t be considered.    Three critical points exist for 
the theoretical function of the assay.    These are:    (a) all the anti- 
body (anti-trypanosorae) must be adsorbed;  (b) non-antibody iramuno- 
globulins must be removed; and (c) the antigen  (trypanosome) antibody 
complex must be sedimentable.    Using the glutaraldehyde-fixed whole 
trypanosome antigen, these points seem to be met.    The serum dilution 
which must be used in order to fall on the standard curve is greater 
than l/lOO.    This is advantageous since dilution of the non-antibody 
imraunoglobulin which at higher concentration may be detected on the 
trypanosome antigen is also aucoraplished.    If sera with lower concen- 
trations of antibody were tested,  non-antibody iramunogiobulin might be 
detected on the trypanosome antigen..  A standard dilution of sera would 
hava to be chosen to prevent detection of non-antibody iiranunoglobulins 
as antibody.    The fixed trypanosome antigen is easily sedimentable and 
washable even though extensive washing is time consuming. 

The indicator system (quantitation of IgG or IgM) meets technical 
standards required of a diagnostic assay.    Using the Millipore fil- 
tration manifold, several samples can be rapidly processed.    The other 
alternative to this separation procedure would be the double antibody 
method (9).    The two separate overnight incubation steps are perhaps 
the least desirable points  in the assay.    Perhaps these times may be 
shortened by varying incubation conditions. 

The antibody values determined on infected monkey sera show only 
slight variations between sera, though general trends are apparent. 
IgM antibody declines throughout the course of infection, while IgG 
antibody is on the increase.    The ability to measure class  specific 
antibodies is present.    Through more purified reagents and further 
descriptions of the precision and accuracy of the technique by statis- 
tical means, this procedure should provide a valuable tool to diagnosis 
and quantitative study of trypanosomiasis. 

Several avenues of approach are available for future studies.    The 
available technology of the quantitative iramunogiobulin indicator system 
can easily be applied to other antigens of interest.    Further charac- 
terization of the system can be accomplished through the use of dn 
antigen such as  sheep erythrocytes which is more readily available than 
trypanosome organisms.    Furthermore,  the technique lends itself to 
automated techniques at many steps.    Automated steps in the procedure 
will be advantageous for use in epidemiological or diagnoctic studies. 

b)    Quantitative immunoglobulin class-specific antibody assay for 
use with soluble antigens. 

j 

The immunoglobulin indicator system described above can be used to 
quantitate antibodies against a soluble antigen as well as against whole 
trypanosome organisms. The only additional requirement is that of a 
solid-matrix for attachment of the soluble antigen so that antigen 
specific antibody ^an be separated from non-antibody immunoglobulin. 
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The antigen chosen for study was bovine serum albumin (B3A). Porous 
glass beads from Corning Glass Works were chosen as the solid matrix 
for retention of the BSA because of their large surface area available 
for interaction between antibody and antigen. This would fulfill the 
criteria of antigen (BSA) excers as discussed above. BSA was attached 
to the glass beads by adsorption or glutaraldehyde fixation. After 
incubation of the antigen coated beads with varying dilutions of normal 
rhesus sera or rhBsus anti-BSA sera, the beads were washed and used in 
place of antibody coated trypanosomes in the IgG RIA assay as described 
above. 

In several experiments, IgG was detected on the beads, however 
little difference was noted between normal sera and sera containing 
antibody against BSA. This could mean thp4: little BSA was actually 
attached to the beads although experiments using  -'l-BSA showed re- 
tention of BSA after several washings. Because of the binding of 
normal IgG to the beads, low dilutions of sera could not be used. Ex- 
periments using various concentrations of rabbit serum, or Tween 80 in 
the buffer were only partially successful in blocking the adherence of 
non-antibody IgG to the BSA coated beads, even at l/lOO dilution of 
whole serum. Thus, the glass beads do not meet this requirement for 
an antibody determination by RIA. 

A second type of solid support for soluble antigen was studied. 
Cellulose acetate discs were used as a matrix for attachment of BSA 
according to procedures used for the soluble antigen fluorescent anti- 
body test (10). 

Using air drying followed by 95^ ethanol and 1%  acetic acid treat- 
ment, BSA can be attached to the discs with little removal after 
washing. Differences in a-nount of IgG bound to the discs were noted 
between normal sera and anti-BSA sera. Two percent Tween 80 in phos- 
phate buffered saline prevented non-antibody IgG from attaching to the 
discs with serum dilutions as low as l/20. The cellulose acetate solid 
support has many advantages for their use in the RIA system. They 
are: l) ease of handling; 2) retention of soluble antigen and 3) ease 
of removal of non-antibody immunoglobulin. Further studies will de- 
termine if the lack of surface area as compared to porous glass beads 
causes any difficulties in obtaining antigen excess for any soluble 
antigens tested. 

2. Removal of Hepatitis B antigen from protein solutions in a recog- 
nizable form by an insoluble lipophilic matrix of silicic acid. 

Hepatitis B antigen (HB-Ag) was originally discovered as the 
result of a search for unique lipid containing proteins and the detection 
of antibodies directed against them (ll). Since that time, several 
investigators have demonstrated the lipid staining characteristics of 
HB-Ag (12, 13). Gerin (lh)  using the detergents sodium deoxycholate 
and Tween 80, was able to alter the bouyant density of HB-Ag without 
destroying its complement fixing antigenic properties. This study 
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utilizes the  lipid like properties of the antigen to remove it from 
protein containing solutions  in a recognizable form, by binding it to 
an insoluble lipophilic matrix of silicic acid. 

Materials and Methods 

Chemicals.    Silicic acid in an insolubilized form was purchased as 
"Liposorb" from Custom Reagents Laboratory, Inc., San Diego, California 
92111.    Plasdone-C,   (P.V.P.) was purchased from General Aniline and Film 
Corporation, Calvert City, Kentucky. 

HB-Ag Antigen and IIB-Ag Antibodies.     Plasma obtained from patients 
with serum hepatitis were used in all experiments.    The immunoelectro- 
phoresis titers ranged from l:h to I:l6.    The tagged antiserum used in 
this study was the commercially available Abbott Ausria l-'- 5 anti HB-Ag. 
The  "cold" anti HB-Ag (R933) had an antibody titer of l:h in IE0P. 

HB-Ag Absorption.     The absorption of HB-Ag from 0.1 ml aliquots of 
IE0P positive plasma was done at room temperature  (250c) using 10 rags, 
of silicic acid in 5 ml of phosphate buffered saline (pH 7.^).    Variations 
of absorption times and the amounts of silicic acid were used to define 
certain parameters and are explained in the text.    After binding of 
HB-Ag to silicic acid any potentially unoccupied silicic acid sites 
were blocked by the further addition of 1 ml of pooled normal serum. 
One hour later the tubes were centrifuged at a relative centrifugal 
force of l873 and washed once with phosphate buffered saline.     Following 
a five minute recentrifugation,  the pellets were resuspended in 0.5 ml 
of plasdone-C and 0.1 ml of tagged anti HB-Ag was added.    The final in- 
cubation lasts one hour.    Three washings with phosphate buffered saline 
were done prior to counting. 

Results 

The absorption phenomenon by which HB-Ag was removed from solution 
has been demonstrated in two ways.    The first was by an indirect assay 
in which identical aliquots of a representative sample of HB-Ag plasma, 
positive by counter immunoelectrophoresis were absorbed with varying 
concentrations of silicic acid.    The supernatants following centrifu- 
gation were tested for the presence or absence of HB-Ag  (Fig.  2).    At 
a concentration of 5 to 10 milligrams of silicic acid per 0.1 milliliter 
of plasma recognizable HB-Ag was  no  longer present  in the  supernatant. 

Since HB-Ag was  no  longer present in the previously positive  super- 
natant,  it seemed reasonable that  it would be  found in  the  insoluble 
lipophilic pellet of silicic acid.     In addition,  ^f indeed the  lipid 
component of HB-Ag   -/as an antigenically silent moiety as  suggested by 
Gerin's work  (lh), th? HB-Ag bound to the  lipophilic matrix would be 
serologically recognizt-ble. 

Direct evidence for this was obtaineC  (Fig.  3).    The binding of 
HB-Ag to the  insoluble matrix of silicic acid takes place very rapidly 
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Absorption of  !;S-A<;  from Pl.isr.d.     HB-Ag plasma,   positive  bv 
counter-iramunop c  •'rophc:'?.'Is,  was  absorbeO  at  2'>"r on varvirc, 
."ir.o"nts of  sii.   :>    a-id.     .\fter  four  lüiurs.   i !,.•  aHunots wer- 
pCilctted at  a  relative  ..ualrif'jgaJ   toru«.   u'    i^'l  ,..,■',   ihe 
supernatants examined   for HB-Ag by   the  standard  Abbot t-Ausri-i-125 
radiolmmune  assav.     Each point  was  done   :r.  ^ r i - 1 :,.-,'..   and  i ho 
i,-^al   control   in. 1  was  niooo  up   from 9  norma,   indiviua'ils. 

Reproduced   from 
best   available   copy. 
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Fig. 3 

Direct assay of HB-Ag absorption on silicic acid as Influenced by 
time.  One-tenth milliliter aliquots of five HB-Ag positive plasma 
(A-E, ijrev'ously subtyped as adw and ayw were absorbed at 250C on 

10 milligrams of silicic acid for varying periods of time.  At the 
end of each period, the absorption mixture was spun at a relative 
centrifugal force of 1873, resuspended in phosphate buffered saline 

and washed three time. After the final wash, the pellet was 

resuspended in IX Plasdone-C (Polyvinylpyrrolidine) in phosphate 
buffered saline. This was found to limit non-specific binding 
of protein to the matrix.  Then a fixed amount of radio- 

actively tagged anti HB-Ag was a^ded to each tube.  Following 

a one hour antibody incubation period, the suspension was 
centrifuged and the pellet wasned three times with phosphate 

buffered saline prior to counting. 
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at 25CC. Within thirty minutes the average of the counts for the HB-Ag 
positive plasma were twenty-one times the normal control values, or a 
difference of two hundred and twenty standard deviations above the 
normal mean. The average differences between HB-Ag positive plasma and 
the normal controls progressively increase up to four hours at which 
time absorption appears complete. 

Once the silicic acid-HB-Ag bond has been established, the recog- 
nition of the bound antigen by specific antibody was very rapid and 
essentially complete within thirty minutes. No significant increase 
was observed with further incubation (Fig. h). 

C  V3 

IS. 

HB «i 
POSlll v< 

normal 
control 
pool 

llw 2hrs 3hr, 

timt  of   tntibody  incubation 

Fig. h 

Effect of time upon antibody recognition.  One-tenth mllllllter 
allquots of different plasma trom three different HB-Ag positive 
patients were absorbed on ten milligrams of silicic acid for four 
hours at 25°C.     The subsequent antibody Incubation and washings 
were identical to those outlined In Fig. 2.  Each point represents 
the average of the individual determinations done on three separate 
HB-Ag positive patients for each specific time interval.  The 
variable in this experiment was the time of antibody incubation. 

The stability of the bond between HB-Ag and the lipophillc matrix 
was demonstrated by the final set of experiments. One-tenth mllliliter 
aliquots of an HB-Ag (subtype ayw) positive plasma were absorbed on 10 
milligrams of silicic acid for four hours at 250C. Three replicate 
groups were set up and each group subjected to a different treatment. 
Following HB-Ag absorption, the first group was simply washed three 
times with phosphate buffered saline. The second group was incubated 
for thirty minutes with 3 molar potassium iodide and then washed three 
times in the same 3 molar potassium iodide solution. The third group 
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wr.s incubated with 0.2 ml of "cold" anti HB-Ag for 2 hours and then 
washed with phosphate buffered saline prior to the addition of "hot" 
tagged anti-HB-Ag. The fourth group is really the third group which has 
bad the "cold" blocking anti HB-Ag stripped from it after it was counted 
by pH 1.8 glyclne HC1 buffer. After these basic manipulations all the 
tubes were re-washed with phosphate buffered saline and restored to a 
pH of 7.2 - 7.^ and isotonicity. At this point, the final pellets were 
resuspended in 1$ Plasdone-C ( polyvinyIpyrrolldine ) and tagged anti-HB-Ag 
was added to each tube. Aliquots taken from a plasma pool of nine normal 
individuals were subjected to the same set of conditions and used as the 
normal controls (see Table 7). 

Table 7 

Stability of HB-Ag Binding to Silicic Acid 

(Standard Deviations 
above the control mean) 

GROUP 1 Untreated 103 

GROUP 2 Pretreated with 
3M KI 

99.U 

GROUP 3 Blocked with cold 
anti-HB-Ag 

0.7 

GROUP h Group 3 from which cold 
blocking anti HB-Ag has 
been stripped* and rein- 
cubated with hot tagged 
HB-Ag 

106 

*After counting. 

It is apparent from the data in Table 7 that neither pre-treatment 
with 3 molar KI or post absorption treatment with pH 1.8 glycine-HCl 
disrupts the bond between the silicic acid matrix and the HB-Ag. The 
antigen-antibody bond, however, can be disrupted and indeed in going 
from group 3 to group k  cold antibody is stripped away and tagged anti- 
body reapplied to the stable antigen which remains solidly bound to the 
silicic acid matrix. 

Discussion 

Silicic acid is a selective but not exclusive absorber of lipids 
and lipoproteins. Following the absorption of HB-Ag from plasma, the 
potentially unoccupied silicic acid sites must be saturated by the 
addition of an excess of lipoproteins supplied in the form of normal 
serum. After that, "tagged" specific anti-HB-Ag can be used to identify 
the bound HB-Ag. The ability of the absorption bond between HB-Ag and 
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silicic acid to withstand acid elution treatment allows an in built 
specificity control check to be done on the same specimen as illustrated 
in Table 7. 

The present state of the art does not allow any correlations to be 
drawn between infectivity and the reduction of HB-Ag content of solutions 
as reflected by radioimmune assay or by any other assay for that matter. 
Nonetheless, this paper provides direct and indirect evidence of the 
absorption of HB-Ag from protein containing solutions in a recognizable 
and rnanipulable form. At present, HB-Ag degradation studies are in 
progress and the system is being adapted to other lipid containing 
antigen systems. 

3. Tsolation and assay of Hepatitis B antigen from urine. 

Hepatitis B antigen (HB-Ag) was discovered by Blumberg (ll) in 1965. 
Six years later, using affinity Chromatographie techniques developed by 
Axen et al. (15)> Tripatzis (16) demonstrated that HB-Ag was also present 
in the urine of patients with serum hepatitis. In addition, he estab- 
lished the fact that the HB-Ag present in both the serum and urine of the 
infected patient were antigenically identical by gel diffusion. The 
subject of this report is a method for the efficient removal of HB-Ag 
from urine and its rapid identification by radioimmunoassay. Although 
the procedures specifically concern HB Ag found in urine, it has ap- 
plicability to other dilute biologic materials.  The technique exploits 
the fact that HB-Ag contains a lipid moiety (12, 13) which can be firmly 
bound by adsorption onto an insoluble lipophilic silicic acid matrix. 
We have recently described a method (1?) for the isolation of HB-Ag 
from serum which is based on the well-established affinity of silicic 
acid for lipid containing materials (l8). This present report describes 
additional aspects of the techniques involved and demonstrates that the 
bond between HB-Ag and silicic acid allows each specimen to be used as 
its own specificity control. 

Materials and Methods 

HB-Ag positive serum; The sera of ten serum hepatitis patients, 
positive by counter immunoelectrophoresis (CIEP) at titers of l:k  to 
1:8 were used. Ten normal sera, negative by CIEP and the Abbott Ausria- 
125 radioimmunoassay were pooled and used as the controls. 

Normal urine pool; The urine of ten individuals whose serum and 
urine were negative by CIEP and the Abbott Ausria-125 assay were pooled 
and used as the normal urine pool. Aliquots of this pool were used for 
all dilutions of normal and HB-Ag positive sera. 

Chemicals: Insolubilized silicic acid,  commercially available as 
"Liposorb" was obtained from Custom Reagents  Lab,  San Diego, CA.     Poly- 

vinylpyrrolidine,  commercially available as  "Plasdone C" was obtained 
from General Analine and Film Corporation, Calvert City, Kentucky. 
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Antiserum to HB-Ag:    Commercially available anti-HB-Ag antibody labeled 

I ! 
J 

with I1^-3 was obtained from Abbott Labs, North Chicago, IL. 

Adsorption of HB-Ag onto silicic acid; Three milliliter aliquots 
of urine containing HB-Ag were incubated at room temperature (250c) for 
two hours with ten milligrams of silicic acid,  This amount of silicic 
acid has been found by previous experiments to be sufficient to adsorb 
all the recognizable HB-Ag from 0.1 ml of serum having a CIEP titer of 
1:8 (I?). The adsorbing pellet of silicic acid was then sedimented at 
a relative centrifugal force of l800 xg for five minutes and the super- 
natant fluid removed. In order to saturate any unoccupied silicic acid 
binding sites 0.5 ml of normal guinea pig serum was then added to each 
tube and incubated for one hour. The final cteps were to wash the tubes 
with 0.15 molar phosphate buffered saline, pH 7.^ (P.B.S.) and, following 
centrifugation, to resuspend the insolubilized pellet of silicic acid 
to which HB-Ag was now bound in 0.5 ml of polyvinylpyrrolidine. 0.1 ml 
of anti-HB-Ag antibody labeled with I1^5 was added to each tube and 
incubated with the specimen for one hour at room temperature (250C). 
All the tubes were then washed three times with P.B.S. and counted in 
a dry well scintillation counter. The controls for each experiment con- 
sisted of normal urine containing an equivalent amount of normal serum. 
Variations in the procedure employed to evaluate the effect of different 
parameters on the system are explained in the appropriate section. 

Results 

Effect of volume on adsorbing efficiency; To compare the effect of 
total urine volume on the efficiency of adsorption, 0.050 ml aliquots 
of HB-Ag positive serum (CTEP titer 1;U) were added to 5, 50, 100, 500, 
and 1000 mis of pooled normal urine. The controls were 0.050 ml aliquots 
of pooled normal serum added to equivalent volumes of the same normal 
urine pool. In all cases, 10 milligrams of silicic acid was used as 
the adsorbing matrix. Following a two-hour adsorption period at room 
temperature, the silicic acid to which HB-Ag was now bound, was pro- 
cessed as previously outlined. The only variation was that one set of 
replicates was partially blocked after the HB-Ag adsorption phase by 
the addition of unlabeled anti-HB-Ag two hours prior to the addition 
of radiolabeled anti-HB-Ag. 

The results of the experiments are shown in Table 8. There is a 
rather high and uniform efficiency of HB-Ag binding by insolubilized 
silicic acid even when the antigen is dispersed in relatively large 
volumes. The specificity of the reaction is demonstrated by the par- 
tially inhibiteci uptake following pre-exposure to unlabeled anti-HB-Ag. 
The addition of unlabeled antibody did not alter the normal control 
values. 

Effect of time upon the completeness of HB-Ag adsorption; To 
determine the optimum adsorption times for silicic acid and HB-Ag 
mixtures, the two components were allowed to react for varying intervals. 
In this experiment CiEP positive serum was diluted one hundred fold in 
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normal pooled urine. Multiple three ml replicates were set up and pro- 
cessed exactly as described in the Methods Section, except that varying 
adsorption times were used. The controls were prepared by substituting 
pooled normal serum for CIEP positive serum before dilution with the 
pooled normal urine. Table 9 demonstrates that the reaction is essen- 
tially corapleoe at the end of one to two hours. 

Table 8 

Effect of Volume on Adsorbing Efficiency 

Counts per Minute* 
Volume of Urine Uninhibited Partial Inhibition 

Undiluted 2337 731 

5 ml 186U 982 

50 ml 20h7 708 

500 ml 172k 612 

1000 ml 1932 1099 

••♦Control values (233-253 CPM) were subtracted in 
each case. 

Table 9 

Effect of Time Upon Efficiency of Adsorption 

Treatment 

Time of Adsorption (hours) 

1/2    12    3      1+ 

 Counts per minute 

Detection of 
HB-Ag (1) 

Inhibition of 
Detection (2) 

Re-establishment 
of Detection (3) 

737 lh27       1350  1631    1391  1627 

13 0 

1536     2613      28I+0     276U 

162 

2673    2085 

■"Control values were subtracted in each case. 

(1) HB-Ag was adsorbed onto silicic acid and detected with labeled 
anti HB-Ag. 

(2) Labeled anti-HB-Ag was eluted off with acid washes and then HB-Ag 
recognition blocked by unlabeled antibody prior to the re-addition 
of radioiodinated anti-HB-Ag. 

(3) The unlabeled anti-HB-Ag was again eluted by acid washed and the 
presence of HB-Ag re-established by the uptake of labeled anti- 
HB-Ag. 
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u Specificity of the reaction and stability of the llpophlllc bond; 
After the replicates used in determining optimum adsorption times were 
counted, all tubes were washed twice with glycine-HCl buffer pH 1.8 to 
elute off the labeled anti-HB-Ag. The pH was restored to 7.^ by two 
more washes with phosphate buffered saline. Unlabeled anti-HB-Ag was 
then added and the tubes incubated for two hours at room temperature. 
Labeled anti-HB-Ag was added after a preliminary phosphate buffered 
saline wash and the specimens were reprocessed as outlined previously. 

The results of this inhibition procedure are also demonstrated in 
Table 9. A marked reduction HB-Ag recognition by the radiolabeled anti- 
HB-Ag is clearly shown. To prove that HB-Ag was not lost from the 
silicic acid matrix by acid elution the inhibiting unlabeled anti-HB-Ag 
was once again eluted from the bound HB-Ag and labeled anti-HB-Ag was 
reapplied. The third set of counts in Table 2 shows that HB-Ag is still 
bound in a recognizable form. Similar results were found when 0.02 per 
cent pepsin digestion is used in place of the acid washes. 

Discussion 

The first isolation of HB-Ag from urine by Tripatzis (l6) required 
large volumes of urine and prolonged affinity chromatography procedures. 
This paper outlines a quick and efficient method of removing HB-Ag from 
urine in a recognizable form by means of an insoluble lipophilic matrix. 
Silicic acid provides an inexpensive adsorption matrix for HB-Ag, its 
small volume and relative inertness appears to offer a potentially feas- 
ible way to screen large suspect populations in the field without having 
to transport large volumes of urine. It is evident that the technique 
can be applied to other experimental situations including the isolation 
and concentration of HB-Ag from a variety of biologic materials. 

The stability of the bond between HB-Ag and silicic acid allows 
experiments in which antibody can be added to or removed from the same 
specimen under investigation. The removal of antibody to HB-Ag by either 
acid washes or pepsin digestion does not result in a loss of antigen- 
icity, but in fact appears to result in more efficient binding of anti- 
body. This "increase in recognition" has been consistently found using 
a variety of individual specimens. Similar treatment of HB-Ag by acid 
washes or pepsin digestion has been shown not to degrade HB-Ag (13,19)' 
Whether or not they improve recognition as suggested in this study has 
not been previously explored. One of the possible explanations for an 
increase 1.1 recognition following these procedures is that protein or 
proteins are bein^ removed from the surfaces of the HB-Ag. When puri- 
fied HB-Ag was treated with the detergent Tween 80, Millman, et al (20), 
noted that it partially dissociated into soluble components. These 
released products appeared to include IgG (both heavy and light chains), 
complement, beta-lipoprotein, transferrin and albumin. In addition, 
Prince (21) has found macroglobulin (igM) associated with a significant 
fraction of HB-Ag in whole serum. It would seem reasonable, then that 
the removal of proteins, whether they are specific antibodies or not, 
might reveal previously hidden antigenic sites. Experiments are 
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presently underway to detect and characterize these possible masking 
proteins. Particulary scrutiny is being directed to the possible role 
of proteins found on the surfaces of HB-Ag in chronic antigen carriers. 

h.    Hepatitis B immune complexes in antibody negative patient sera. 

Hepatitis B antigen (HBA) was first detected by Blumberg et al (ll) 
in 1965. Sin;e that time several studies have characterized the bio- 
chemical and biophysical nature of the antigen, its relationship to 
serum hepatitis (13) and its ability to produce precipitating (ih)  as 
well as complement fixing antibodies (12). An increasing interest in 
the capacity of immune complexes of HB-Ag to affect the clinical courses 
of the disease has provided the impetus for the development of a variety 
of techniques to demonstrate these complexes. Almeida (22) employed 
electron microscopy to demonstrate immune complexes in the sera of 
several patients in various stages of serum hepatitis B antigenemia. 
Shulman and Barker (23) reported that 93%  of the sera in a series of 
130 patients with serum hepatitis were anti-complementary. After protein 
stripping with dichloro-difluormethane they were led to the conclusion 
that the anti-complementary activity was attributable to the presence 
of antigen-antibody complexes. Alpert et al {2k)  using imraunofluorescent 
techniques has shown immune complexes of HB Ag, IgG, and C3 fixed in the 
vascular epithelium of patients with serum hepatitis. Gocke ec aL (25) 
has identified immune complexes containing IgM, HB Ag, and C3 in serum 
hepatitis patients with polyarteritis using the same technique. Recently, 
Madalinski et al. (26) have employed DEAE cellulose chromatography to 
dissociate immunoglobulins of IgG, IgM, and IgA classes from the soluble 
immune HB Ag complexes of four patients. 

Taking advantage of the fact that HB Ag contains a lipid moiety, 
Hedlund (17) introduced a radioimmunoassay in which HB Ag was adsorbed 
onto an insoluble lipophilic matrix of silicic acid. It has subse- 
quently been possible to demonstrate that a significant increase in 
antigenic recognition occurs in a majority of asymptomatic carriers and 
acute serum hepatitis patients if one performs this assay before and 
after acid pepsin digestion. Other protein dissociation procedures 
such as treatment with 8 molar urea, 3 molar KCL, etc., are equally 
feasible. These proteins which limit recognition can be shown to 
specifically bind to HB Ag by direct as well as indirect assays. This 
method for uncovering immune complexes requires only 0.1 ml of patient 
sera and can be done in a relatively short time period. Because of the 
high percentage of sera ^hich appear to contain complexes the data are 
reported in this commrnication. 

Materials and Methods 

HB Ag sources and controls: Three groups of sera were studied. 
The first consisted of 31 asymptomatic blood donors who were not 
clinically ill, but who did have circulating HB Ag by either counter 
immunoelectrophoresis or the Abbott Ausria 1-125 radioimmune assay. 
The second group of sera were obtained from 15 patients who had clinical 
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signs and symptoms of acute hepatitis and compatible laboratory data. 
HB Ag was detected by either counter immunoelectrophoresis or Abbott 
Ausria T-I25 assay. The third group comprised 10 normal individuals 
who had no prior history of hepatitis and who were negative for HB Ag 
by counter immunoelectrophoresis and Ausria 1-125  assay. Standard pas- 
sive hemagglutination examination if the donor, patient and normal 
control groups were negative for circulating anti-HB-Ag antibodies. 

Chemicals: Insolubilized silicic acid, commercially available as 
CA.  Polyvinyl- "Liposorb was obtained from Hagadorn Labs, San Diego, 

pyrrolidine (PVP), commercially available as "Plasdone C" was obtained 
from General Analine and Film Corporation, Calvert City, KY. Antiserum 
to HB Ag: Commercially available guinea pig anti-HB-Ag antibody labeled 
with I-125 was obtained from Abbott Labs, North Chicago, XL. 

Radioimmune assay of HB Ag bound to silicic acid: As previously 
(17), 0.1 ml aliquots of sera were bound to 10 mg of silicic acid at 
250C for 3 hours. The adsorbing pellet of silicic acid was then sedi- 
mented at a relative centrifugal force of l800 xg for five minutes and 
the supernatant fluid removed. In order to saturate any unoccupied 
silicic acid binding sites 0.3 ml of pooled normal human and guinea pig 
serum was then added to each tube and incubated for one hour.  The next 
step was to wash the tubes with 0.15 molar phosphate buffered saline, 
pH 7.^+ (P.B.S.) and, following centrifugation, to resuspend the insolu- 
bilized pellet of silicic acid to which HB Ag was now bound in 0.5 ml 
of PVP.  0.1 ml of anti-HB-Ag antibody labeled with 1-125 was added to 
each tube and incubated with the specimen for one hour at room tempera- 
ture (250C). All the tubes were then washed three times with P.B.S. and 
counted in a dry well scintillation counter.  The normal controls con- 
sist of 0.1 ml aliquots of pooled human serum treated in an identical 
fashion. This constituted the first recognition step.  To strip away 
any blocking proteins the pellets were resuspended in 5 ml of .021/- 
pepsin in 0.02 HC1 (pH 2.3) or 3 molar urea and incubated for 1 hour 
at 370C. Following three P.B.S. washings, the tubes were reprocessed 
as previously described, starting with the readdition of 0.3 ml of 
pooled normal human serum. 

Dissociation of the immune complexes: In those experiments where 
recovery blocking proteins was desired, dissociation was carried out 
by the addition of 3 ml of either glycine HC1 (pH 2.3) or 3 molar KC1 
to the well washed pellet. These maneuvers do not disrupt the HB Ag 
silicic acid bond. After a two hour period the tubes were recentrifuged 
and the supernatant containing the sluate was removed and dialysed 
against phosphate buffered saline. 

Results 

The effect of protein removal by acid pepsin digestion upon the 
recognition of bound HB Ag by radioimmune assay; The work of Kim and 
Tilles (13) and Millman et al. (27) have clearly demonstrated that 
HB Ag is resistant to acid pepsin digestion.  Radioimmune assays done 
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on the same sample before and after enzymatic protein stripping method 
results in increased recognition in terms of counts per minute in 11 of 
15 acute serum hepatitis patients and 30 of 31 asymptomatic carriers. 

Statistical comparison by paired t test of all the members of each 
group before and after acid pepsin digestion indicated a significant 
increase at the 99^ confidence level for both the 15 acute hepatitis 
sera and for the 31 asymptomatic carriers. In contrast there is no 
significant difference between the pre- and post-treatment members of 
the normal control group. Table 10 illustrates a portion of the data. 

Table 10 

Pre-Acid Post-Acid 
Group* Pepsin Digestion Pepsin Digestion 

A      1 
2 
3 
h 

818 
605 
7h7 
89h 

1029 
1132 
1095 
8l6 

5 777 1017 

B     6 
7 
8 
9 

1081 
12U3 
1313 
1206 

1^38 
IU98 
1311 
1577 

10 15^9 1905 

C    11 222 228 
12 
13 
Ik 
15 

20^ 
2U6 
229 
220 

198 
283 
21+8 
20U 

*Group A represents sera from patients with acute 
serum hepatitis, group B were from asymptomatic 
carriers, and group C were normal controls. 

Inhibition of HB Ag recognltion by proteins dissociated from the 
surfaces of HB Ag: The experiments above demonstrate that in a majority 
of cases, proteolytic enzyme treatment appears to uncover previously 
masked antigenic sites and improves the recognition of HB Ag bound to 
silicic acid. 

To investigate the functional ability of these blocking proteins 
to inhibit the reaction of HB Ag with radiolabelled homologous antibody, 
experiments were performed as follows: HB Ag sera which were negative 
by passive hemagglutination for anti-HB Ag antibodies were adsorbed onto 
silicic acid. After three hours the tubes were centrifuged and the 
pellets resuspended, w shed and extracted with 3M KC1. Following 
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recentrifugation, the supernatant fluids containing the dissociated 
proteins were equilibrated with P.B.S. by dialysis and then allowed to 
interact for four hours with purified HB Ag which was adsorbed onto 
silicic acid. The specimens were then recentrifuged, washed with P.B.S., 
incubated with anti-HB Ag antibody labeled with I^ -", washed three times 
with P.B.S., and counted.  Pooled normal human serum adsorbed onto 
silicic acid and treated in an identical fashion was used as a control 
in place of the purified HB Ag. The purified HB Ag used in these ex- 
periments, which was obtained by the method of Gerin and Purcell (lU), 
was negative by complement fixation and did not induce production of 
anti-human antibodies after repeated injections in animals. A repre- 
sentative inhibition experiment is shown in Table 11. Complete inhi- 
bition of recognition occurs when the protein material eluted from the 
surface of #BK HB Ag interacts with HB Ag (#392) from a different source. 
The #U35 HB Ag eluted material yields only partial inhibition. To 
further test the hypothesis that inhibition of recognition occurred 
when experimentally dissociated proteins were taken from one crude HB 
Ag preparation and reacted with purified HB Ag from another source, 
the following additional manipulations were performed: all the samples 
were acid pepsin digested; this procedure removes any blocking proteins 
but does not effect the HB Ag silicic acid bond; as is seen in Table 11, 
recognition is restored as evaluated by the reactivity of the prepara- 
tions with radiolabeled antibody. 

Table 11 

Inhibition of HB-Anti-HB-Ag Binding by KC1 Extracts of 
HB Ag-Sermi-Silicic Acid Complexes 

Material Eluted From Silicic Acid to Which was Bound: 

Normal Serum        #U35  (HB Ag serum)        #BK (HB Ag senm) 

#392 
Purified 
HB Ag 

Control 
(Normal 
human serum) 

568 cpm 

«617 

197 cpm 

*158 

362 cpm 

*562 

1^5 cpm 

n65 

l6h cpm 

^96 

lUB cpm 

*i6o 

"*CPM       'erved following acid pepsin digestion and the addition of 
■125 ti-HB Ag. 

Discussion and future plans 

In total, Ul of k6 acute and carrier sera containing HB Ag showed 
statistically significant improvement in antigen recognition following 
maneuvers which dissociate or destroy proteins but do not effect HB Ag; 
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no changes are seen in the normal population.    The biological activity 
of these dissociated proteins has been clearly established by their 
ability to specifically inhibit the recognition of HB Ag. 

The  final phases of these  studies will involve the characterization 
of these blocking proteins  (which are most probably immunoglobulins) 
and to determine if there is a correlation of surface immunoglobulin 
and antibodies to the clinical course of the antigenemia;  i.e.  do 
asymptomatic carriers have different antibodies on the  surface of their 
HB Ag than those patients who quickly recover from the acute illness? 
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25.  (U) The objective of the research program is to develop an effective and practical 
vaccine against African Trypanosoraiasis, useful to military and civilian agencies. 
Related benefits include acquisition of knowledge pertaining to trypanosorae immunology, 
biology, host response and the pathology of the disease in natural and experimental host 

24. (U)  Experiments conducted at WRA1R and Kabete,Kenya during the past 3 years have 
demonstrated that experimental animals can be successfully immunized with irradiated 
trypanosomes.  Rodents, cattle and monkeys could be rendered completely resistant to a 
challenging infection with T. rhodesiense by this method.  Partial immunity was obtained 
in rodents and cattle to T. congolensc. Immunization using this method, as well as 
passive protection of antibodies, will be studied with relation to field use. 

25. (U)  Initial results from a study in an area endemic for T. rhodesiense, Lambwc, 
Kenya, indicate that a single strain of trypanosomes is causing the disease in man and 
many domestic animals are infected with this same strain.  Passively transferred 
convalescent scrum has been found to confer resistance to T. rhodesiense in calves. 
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PROJECT 5A161102B71Q Communicable Diseases and Immunology 

Task 00 Communicable Diseases and Immunology 

Work Unit 173 Vaccine Development in Trypanosomiasis 

Investigators. 
Principal: COL Dale E. Wykoff, MSC 
Associate: Bruce T. Wellde, OS 12 

Description. The US Army Medical Research Unit (WRAIR) Kenya 
became operational in the Fall of 1973. It now consists of two 
US personnel. The major effort has been to establish the 
USAMRU-K within the Veterinary Research Laboratory, Ministry 
of Agriculture, Nairobi, Kenya. Adequate electrical, plumbing 
and security facilities were achieved in Spring 197^ where- 
upon the Government of Kenya donated the laboratory to the 
Rockefeller-sponsored International Laboratory for Research 
on Animal Diseases (ILRAD). The new space provided for USAMRU-K 
will require extensive efforts to reduce the rat population 
end to provide adequate electrical and plumbing facilities. The 
move to the new area will be complete by 31 Jul 7^. Several 
months of research time will be lost as a result of this 
move. In spite of delays a research program has been initiated 
which addresses four major problems. 

1, 
Serum. 

Immunization of Calves by   Passive  Transfer of  Immune 

Problem.   To  determine whether otherwise  susceptible  calves 
can be  protected  against  infection with Trypanosoma rhodes-_ 
iense  by  passively  immunizing them with  antisera  from cattle 
which have  undergone  infection and  self cure with  the  same 
organism. 

Background. A 
can be protec 
in a heterolo 
experiments u 
have not been 
ologous trans 
(Soltys 1961») 
protection wo 
logous   system 

Ithough it has b 
ted against tryp 
gous system (i.e 
sing homologous 
reported. The p 

fers persists fo 
. It is reasonab 
uld be higher an 

Cattle  are  ide 

een  shown  that   laboratory  animals 
anosomiasis   by  receiving antisera 
.   bovine  to  mouse)  controlled 
transfers  between large  animals 
rotection afforded in heter- 
r relatively   long periods 
le  to  assume   that  the  degree  of 
d of  longer  duration  in  a homo- 
al  experimental hosts  because,   in 
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contrast to most other animals they, are readily susceptible, 
they undergo a long duration of infection and eventually 
self cure. The self cured animals are resistant to re- 
infection by the same strain of trypanosome for at least 
14 months (Wellde et al. 1973). 

Results. Adult cattle which had self cured T. rhodesiense 
infections were rechallenged and subsequent subinoculations 
of their blood into mice indicated complete resistance. These 
cattle were bled weekly and serum was collected, pooled and 
stored at -20 C. When sufficient serum had been collected 
it was filtered through bacteriologic filters and stored in 
sterile containers. The protection afforded by this serum 
against the homologous strain of T. rhodesiense can be seen 
in Table I. 

NEUTRALIZATION OF T. 

Serum; 

TABLE I 

RHODESIENSE BY ANTISERUM FROM IMMUNE CATTLE* 

10' 

No. trypanosomes per mouse 
4       2       0 

10      10      10 

Immune 

Normal 

Fetal calf 

0/5** 

5/5 (3) 

5/5 (3) 

0/5 

5/5 (4) 

5/5 CO 

0/5 

5/5 (5) 

5/5 (5) 

0/5 

5/5 (6) 

4/5 (6) 

* Electrophoresis showed 2.58 gr gamma globulin per 100ml 
** No. mice dying over number inoculated 
() Mean survival time 

Approximate 
four self c 
Four calves 
two receive 
toward reac 
were challe 
from infect 
detectable 
calves deve 
by fever an 

ly 3,500 ml 
ured donor 
weighing b 

d 1,500ml e 
tion. These 
nged later 
ed rats. Ne 
infection a 
loped paten 
d positive 

of immune serum was collected from 
cattle during the three week period, 
etween 300 and 375 lbs were selected and 
ach via the jugular vein, with no un- 
two experimental and two normal calves 

the same day wich 1 x 10 T. rhodesiense 
ither experimental calf developed a 
fter challenge whereas both control 
t infections which were characterized 
subinoculations to mice (Table II) 
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TABLE II 

RESULTS OF SUBINOCULATIONS OF IMMUNIZED AND CONTROL CALVES 
AFTER CHALLENGE 

Group: 

Day of subinoculation 

-1  9   20   115   139 173 179 
Immune 1 _______ 

Immune 2 ____-_- 

Control 1 -®®---- 

Control 2 -®®     +     +     -- 

0= Patent infection 
Control calf No. 2 developed pathological CNS symptoms and 
was subsequently sacrificed.  Histopathological examination of 
the brain showed heavy perivascular infiltration and men- 
ingitis.  An assay of serological antibodies in the four 
calves was conducted using a previously described complement 
fixation test (Lotzah and Deindl 197^) (Table III). 

; 

i   i 

TABLE   III 

RECIPROCALS   OF  COMPLEMENT  FIXATION  TITERS   OF   IMMUNE  SERUM 
RECIPIENTS  AND CONTROLS 

Group: 

Days After Challenge 

-1   2   11   16 22 179 

5 5 5 5 5 10 

< 5 5 10 5 5 <5 

<5 <5 160 640 1280 160 

^0 40 160 160 320 1280 

Immune 1 

Immune 2 

Control 1 

Control 2 

Serological antibodies were not detectable in the immune 
serum recipients although they were completely resistant to 
the challenging infection.  Both control calves had developed 
elevated titers by the eleventh day of infection.  Increased 
antibody levels persisted for relatively long periods.  Six 
months after the primary challenge the two experimental animals 
and the remaining control were rechallenged along with new con- 
trol animals.  The two previously immune calves (Immune 1 & 2) 
and the new control animal all developed typical infections but 
Control 1 was resistant.  A second pool of immune serum has been 
collected and the duration of immunity will be determined by 
challenging immune serum recipients at periods of 1 day, 
one week and one month after transfer of serum. 
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2.   Antigenic  Relationships Between Organisms  of the 
T.  brucei  Group   * ~ 

Problem.   To  define  antigenic  differences  and  similarities 
between trypanosomes   collected from persons   infected with 
T.   rhodesiense   in the  Lambwe Valley  of Western Kenya.  T. 
brucei was   collected  fromcattle in the  same  area and similarly 
studied.   During  the  coming two years   it  is  expected that 
the  number of strains  of T.   rhodesiense  occurring in man;   the 
number of  strains   of T.   brucei occurring in  cattle  and the 
antigenic  relationships between these  morphologically  ident- 
ical parasites  will  be  disclosed.   The  study   is  designed to 
determine whether there are  so many  strains   that  immunization 
may  be  unfeasable;  whether immunity  produced  against  strains 
in Kenya will  protect  against  infection  acquired  in neighbor- 
ing areas,   and whether cattle  in Lambwe  Valley  harbor par- 
asites  antigenitically  similar to  those  infecting man. 

Background.   Practical  immunization  against  African Trypano- 
somiasis  is   largely  dependent  on the  number of strains of 
a given species   found in an endemic  area.   Gray   (1970)  worked 
five years  with  the  same herd  of cattle  in Nigeria and report- 
ed the existence  of many  strains  of T.   brucei,   thus  making 
immunization  impractical.   It  is possTble, however,that the 
techniques  employed were  not  specific  enough  to  select  all 
variants  belonging  to  a common strain.   In  Lambwe Valley 
human trypanosomiasis  of the  rhodesian  type   is  endemic 
and  cattle  and wild game harbor T.   brucei.   These  two species 
are  morphologically   identical  anci their relationship  to the 
disease  in man  is   unclear.   In nearby  Alego  Station,   Kenya, 
T.   brucei-like  organisms were  isolated  from cattle  and 
Injected into human  volunteers.   The  volunteers  developed 
typical T.   rhodesiense-like  infections   (Onyango  1966). 

Results.   Isolates   of T.   rhodesiense  were  collected from 
patients  in  the  Homa  Bay Hospital by  Kenya Medical Depart- 
ment  personnel.   Rats   injected with  the  blood  from patients 
were  shipped  to  USAMRU-K.   The  strain  of T.rhodesiense  from 
Gambella,   Ethiopia,  was  collected by  NAMRU-5,   Addis  Ababa. 
Animal trypanosomes  were  collected by   USAMRU-K.   Isolates  of 
trypanosomes  were  tested by  neutralization   (Soltys  1957)  with 
antisera collected  from bovines which  had undergone  long- 
term infection with  various  isolates.   The  first  series  of 
experiments  was  done  with  antiserum against   a  strain of 
T.   rhodesiense   (LVH-1)   collected in  Lambwe  Valley  from a 
patient  in  1972.   Table  IV shows  the  neutralizing effect  of 
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antiserum on the  infecting strain of T.   rhodesiense. 

TABLE IV 

EFFECT OF ANTISERUM ON  HOMOLOGOUS T.   RHODESIENSE   (LVH-1) 

No.   of trypanosomes per mouse 

Serum: IO11      103 10 101       10° 

Immune 0* 0 0 0 0 

Normal 5 5 110 

*No.   of mice  developing patent infection,   of 5  inoculated 

The  results  derived  from testing the same   antisera on T.   rhod- 
esiense  isolated  from three  different patients  from Lambwe 
Valley  are presented  in Table V. 

TABLE V 

EFFECT OF ANTISERUM TO LVH-1 ON PARASITES OBTAINED FROM OTHER 
PATIENTS (LVH-2) (LVH-3) (LVH-4) 

No. of trypanosomes per mouse 

Isolate:  Serum: 10 10 3 10' 10" 10 0 

LVH-2 Immune 0* 0 0 0 0 

Normal 5 5 2 0 0 

LVH-3 Immune 0 0 0 0 0 

Normal 5 5 5 3 0 

LVH-4 Immune 0 0 0 0 0 

Normal 5 5 5 5 5 

* No.   of mice  developing patent  infection,   of 5  inoculated 

Two other strains  of known T.   rhodesiense  were  also  tested, 
one  from southern  Ethiopia and a  laboratory  strain   (Wellcome) 
which had been  isolated  in Tanzania and maintained  in rodents 
for many years.   The  results  are  presented  in Table VI. 
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TABLE VI 

EFFECTS OF ANTISERUM ON PARASITES ISOLATED FROM DIFFERENT 
GEOGRAPHICAL REGIONS 

Isolate: Serum; 

No. trypanosomes per mouse 

10^   103   102    101   10° 

Ethiopia Immune 5     5     5     10 

Normal 4     5     5     5     3 

Wellcome Immune 5^420 

Normal 5     5^51 

Nine different isolates of T. brucei were made from 83 
cattle by subinoculation of their blood into rats. Each of 
these isolates was then tested against the antiserum prepared 
against the known T. rhodesiense (LVH-1). Results are in 
Table VII. 

TABLE VII 

EFFECTS  OF ANTISERUM  TO  T.   RHODESIENSE   (LVH-1)   ON   SUPPOSED 
T.   BRUCEI   ISOLATED  FROM  CATTLE  IN  LAMBWE  VALLEY 

No.   trypanosomes   per mouse 

Isolate:   Serum: 10^ 103 102 101 10° 

0 0 0 0 0 
5 5 5 2 0 

0 0 0 0 0 

5 5 5^0 

4 12 0 0 

5 4 2 0 0 

4 0 0 0               0 

5 5 4 5 3 

5 5 5 3 3 

5 5 5 5 5 

5 5 4 10 

5 5 5 5 3 

5 5 5 2 0 

5 5 5 5 5 

5 5 5 0 3 
5 5 5 4 5 
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LVB- 1 Immune 

Normal 

LVB- 2 Immune 

Normal 

LVB- -3 Immune 

Normal 

LVB- ■4 Immune 

Normal 

LVB- •6 Immune 

Normal 

LVB- •7 Immune 

Normal 

LVB- 8 Immune 

Normal 

LVB- 9 Immune 

Normal 
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It is interesting to note that all four isolates of T, rhod- 
esiense from Lambwe Valley appear to be antigenically sim- 
ilar since antiserum to one neutralized them all within the 
limits of our test.  Since antiserum to trypanosomiasis is 
strain specific, this indicates the persistence of this 
strain since at least 1972.  Many more isolates need to be 
tested but these preliminary findir|£ indicate that trypano- 
somiasis in the Valley is caused by a single strain of T. 
rhodesiense which is of a persistent nature.  The antiserum 
had only a slight effect on trypanosomes of different geo- 
graphical areas.  When isolates of T. brucei from cattle 
were tested the antiserum showed a strong effect against 3 
of the 9 isolates indicating that these cattle were infected 
with the same strain as the four humans.  Whether these isolat- 
es are indeed infective for man could only be determined by 
subinoculation into human volunteers, but given the specific- 
ity of the antibody it is reasonable to assume that they are 
in fact T. rhodesiense.  Further isolates of trypanosomes from 
humans and bovines will be taken and studied throughout the 
coming year in an effort to clarify and extend our findings. 

3.  The Feasibility of Practical Artificial Immunization 
by the Use of Irradiated Trypanosomes 

I 

Problem.  Although immunization with irradiated parasites 
has proved successful under laboratory conditions studies 
using the naturally transmitted disease have not been under- 
taken. 

Background.  Research conducted in Kenya by WRAIR personnel 
has indicated that cattle immunized with a sufficient number 
of partially purified irradiated trypanosomes were refractive 
to a challenge infection with non-irradiated trypanosomes of 
the same strain of T. rhodesiense.  Immunized animals were 
completely resistant to challenges given one week and eight 
months after immunization.  A partial immunity was observed 
after challenge at 14 months.  No resistance was found to 
challenge with a heterologous strain of T. rhodesiense 
(Wellde et al. 1973).  Similar trials with T. congolense 
failed to produce a strong resistance in cattle (Wellde et al. 
197^), however, mice were highly resistant (Duxbury et al. 
1973).  Definition of antigenic relationships existing between 
stock strains of trypanosomes maintained in rodents and meta- 
cyclic trypanosomes from the tsetse will be attempted. 
Tsetse will be reared from pupae collected with  the assist- 
ance of the Tsetse Department staff.  Mice will be immunized 
with the irradiated stock strain of T. congolense and 
challenged by the bite of flies fed on animals fed with the 
stock strain.  If the mice are resistant the challenge will 
be made by tsetse fed on chronic (varient strain) infections. 
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It has been reported by Gray (1970) that varient trypano- 
somes return to a basic antigenic composition in tsetse. If 
these methods are successful in mice attempts will be made 
by column purification and adjuvants to increase the immune 
response in bovines. The above studies will then be repeated 
in calves. 

Progress. One field trip to Aitong Station (Masai Mara) has 
been undertaken for the purpose of learning techniques and 
methods involved in the collection of tsetse pupae. With 
cooperation and help from the Tsetse Department, 120 pupae of 
Glossina swynnertoni were collected in about eight hours. The 
arrival of a WRAIR entomologist on TDY in mid January 1975 
will give impetus to these experiments. Prior to his arrival 
incubators, cages and other necessary equipment will be 
obtained. 

4. Pathophysiology of Trypanosomiasis 

Problem. To attempt to clarify and document the pathological 
process occurring in trypanosomiasis by a systematic study of 
appropriate animal models. 

Background. Many important pathological aspects of trypano- 
somiasis m animals and man have not been properly studied. 
Although many pathological changes occurring in host animals 
have been attributed to the trypanosomes, in some instances 
the findings are fragmentary and inconclusive.This may be due 
in part to differences in virulence of separate species and 
strains of trypanosomes as well as by host factors such as 
age, condition, sex, breed, presence of concomittant in- 
fections, etc. We are now establishing the capability to 
support hematological and clinical chemistry studies by a 
veterinary pathologist fo be assigned by WRAIR in August 197^. 
Preliminary studies conducted over the past three years 
''Wellde et al. 197^, Kaliner 1974) indicate several areas 
Vihich deserve concentrated study. 
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Progress. 

I.  Vaccines and Immunization against plague In Rattus norveglcus. 

A program of experimental studies was undertaken during the 
period covered by this report to determine the efficacy of various 
vaccines agalno»: plague in the laboratory rat (Rattus norveglcus 
Berkenhout, Wistar strain). 

In addition to new information on vaccine efficacy, a significant 
body of background data has resulted that is relevant to understanding 
the role of rats In the epidemiology and ecology of plague, in which 
Rattus norveglcus assumes an especially Important function as the 
urban link between wild-rodent plague and human infection.  Although 
rats have been used in the past for laboratory investigations of 
plague, the majority of information on vaccines and immunization 
against plague has come from work conducted with mice, guinea pigs 
and various species of monkeys.  Mice have been used because small 
size made them leas expensive to obtain and maintain, and mice were 
found by some investigations to be more susceptible to plague than 
were rats.  The guinea pig has been of interest because its' immunology 
±s  different from that of mice.  Monkeys have been studied as hosts 
most nearly representative of man, although it is now recognized that 
this assumption is not justified for some species.  In effect, past 
work on plague immunization has demonstrated that species respond 
differently to vaccination or Infection, and even when differences 
have been subtle, new insights were obtained. 

The albino rats used in our work came from the inbred colony 
maintained by this Institute.  We have found these rats to be exquisitely 
susceptible to fatal infection with fully virulent strains of Y^ pestis 
(LDCQ in the range of 1-10 plague organisms). Whereas difficult, if 
not impossible with mice, complete serologlcal histories can be and 
were obtained in experiments with rats.  Emphasis was placed on the 
Investigation of bubonic plague.   In most experiments, challenge 
of animals was carried out subcutaneously to mimic infection by 
fleablte.  Strains of Y. pestis for subcutaneous inoculation were 
grown at 250C to obtain phagocytosis-sensitive organisms similar to 
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those acquired through fleabite.  In addition, Intranasal challenges 
were done with fully virulent bacilli grown in vivo (I.e., in rat 
peritoneum).  Infection induced with in vivo grown organisms by this 
route of challenge is nasopharyngeal and pulmonary in character and 
is representative of infection acquired by rats through feeding upon 
infected carcasses or of man via plague pneumonia. 

In the discussion of work that follows, serum titers for antibody 
are given as the reciprocals of the highest serum dilutions that gave a 
positive reaction in the test used (IHA or CF). Zero titer Indicates 
that no positive reaction occurred either because no antibody was 
produced or because a previous titer was lost with time. 

A.  Rats vaccinated with a living attenuated plague vaccine. 
An experiment was conducted to test the relationship between dose of 
living vaccine administered and the serologic response in rats in 
terms of the frequency with which antibody is produced and of the 
titers achieved.  Two groups of rats were vaccinated.  In group A, 
the living attenuated strain EV76(51f) of Y. pestis was injected 
directly into the hearts of anesthetized rats. All animals in group 
A produced antibody after Inoculation, but the geometric-mean titer 
of this group was only 32 (Table 1).  Sats of group B were inoculated 
subcutaneously with serial dilutions of EV76(51f). Those inoculated 
with smaller numbers did not produce antibody as frequently as rats 
given larger doses. Furthermore, a relationship between dose admini- 
stered and geometric-mean titer was obtained.  Rats that received a 
dose of 25.4 million viable EV76(51f) developed titers with a geo- 
metric mean of 91, whereas rats given lesser amounts of vaccine 
produced lower geometric mean titers.  Rats given equivalent doses by 
subcutaneous Inoculation and by inoculation into the heart responded 
with geometric-mean titers of the same magnitude, although only 30% 
of the animals inoculated subcutaneously produced antibody. 

Rats vaccinated with EV76(51f) were challenge with the virulent 
strain 195/P of Y. pestis to determine if serum titer was any indlca- 
tlo'i of resistance to infection or ability to survive Infection 
(Table 2).  Rats that did not have detectable IHA titer or that had 
titers of 8 or less all died. However, on the average, they did not 
die as rapidly as rats that had never been vaccinated.  Rats with 
titers of 16-32 showed a 46% survival rate following challenge, and 
deaths were delayed longer compared to rats with lower IHA titers. 
Most rats (94%) with titers of 64 or higher survived challenge. 
All survivors, irregardless of prechallenge titer, developed four- 
fold or greater increases in IHA titer afterwards. 
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Male rats surviving the challenge experiments were subsequently 
bled at 1-2 month intervals to determine how long antibodies to the 
Fraction 1 antigen of Y. pestis persist in Rattus norvegicus (Table 
3).  Female rats immunized with EV76(51f) and challenged with 195/P 
were studied similarly (Table 4).  In these animals, IHA titers 
continued to increase up to 115 days after virulent challenge. 
Thereafter, a decline in titer occurred, but the decline leveled off 
between 160-240 days following challenge.  Subsequently, very little, 
if any, change occurred in IHA titer, as measured over two years from 
challenge in some rats. Only one rat, a male with a titer of 512 
at 22 days post challenge, lost all detectable titer, and that occurred 
approximately 480 days after challenge. 

Serum samples were not tested routinely for CF activity.  However, 
determinations were made for samples taken from female rats 241 days 
and from male rats 424 days after challenge. Of four females tested, 
three had CF titers of 32-64.  Eight of nine male rats also had CF 
antibody; five with titers of 32-64. 

The serological data indicated that rats which survive an infection 
generally retain antibodies for the remainder of their lives.  Following 
these observations, experiments were performed to determine if the 
antibody retained long after an infection would prevent reinfection 
with Y^. pestis.  Reinfection was attempted 5-10 months after the 
initial subcutaneous challenge.  Subcutaneous and intranasal routes 
were investigated, and the rats challenged survived (Table 5). 
Animals with titers of 512 or more at the time of rechallenge usually 
did not display a significant increase in IHA titer subsequently 
(i.e., four-fold or greater increase), whereas rats with titers of 
32-256 generally did. Animals with CF titers of 128 or more at the 
time of rechallenge did not demonstrate significant change in CF titer 
afterwards, while rats with CF titers of 64 or less usually had a drop 
in titer after rechallenge, frequently to zero (i.e., negative test 
reaction at a serum dilution of 1:2). 

B.  Rats infected with virulent Y. pestis and treated with 
antiserunK  Kats immunized with the attenuated strain Ev/6(51f) and 

challenged with the virulent strain 195/P subsequently demonstrated 
a high degree of resistance to reinfection.  Following this result, 
additional work was carried out to determine if rats which survive 
a virulent infection without benefit of prior immunization subsequently 
display a similar degree of immunity.  For this experiment, 90 male 
rats were infected with the virulent strain 195/P by subcutaneous 
inoculation of approximately 48 organisms.  Two days later, antiserum 
to Y. pestis was administered to the rats intraperitoneally.  Twelve 
of the 90 rats later died of plague.  The survivors were studied to 
determine their IHA response after the infection and for resistance 
to reinfection. 
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I) 
Most of the rats that survived the infection developed IHA tlters 

of 128-256.  Surprisingly, some survivors did not produce a detect- 
able tlter', while others developed only low tlters (Table 6).  IHA 
tlters changed little from 57-92 days after Infection, except that 
decreases were observed for animals with high tlters. At 180 days 
post Infection, Increased IHA tlters were found for a significant 
proportion of the test animals.  An examination of the data revealed 
that most of the rats displaying an Increased tlter between days 92 
and 180 were rats with buboes.  Buboes were present in some animals 
on days 92 and/or 180, but some rats which did not have buboes on 
day 92 did have buboes on day 180.  IHA tlters also  increased in a 
few rats that did not have externally discernible buboes, but the 
majority of rats without buboes displayed tlters on day 180 that were 
less than the tlters seen on day 92, again especially in rats with 
high tlters. 

Rats without discernible buboes on day 180 were used in experiments 
to assess resistance to reinfection.  Subcutaneous and Intranasal 
challenges were given (Table 7).  Most rats with tlters less than 64 
died.  However, death was delayed compared to previously uninfected 
controls.  All rats with tlters of 64 or more survived (only intra- 
nasal challenge was done).  Some of the survivors of the subcutaneous 
challenge developed four-fold or greater Increases in IHA tlter, 
whereas the rats surviving intranasal challenge did not. 

C.  Rats vaccinated with Plague Vaccine USP.  A study with Plague 
Vaccine USP was directed first to determining the serologic response 
of the Walter Reed strain of Rattus norvegicus to vaccination.  Groups 
of male and female rats were vaccinated intraperitoneally, subcutane- 
ously, and intramuscularly.  The effect of antlgenic mass of vaccine 
administered was investigated by comparison of high and low intra- 
muscular doses.  The vaccination schedules used for both sexes is 
given in Table 8. 

In male rats, intraperitoneal vaccination was far superior to 
the other routes of inoculation Investigated.  The geometric-mean 
tlter for rats vaccinated intraperitoneally was high and a greater 
percentage of rats responded to intraperitoneal administration of 
vaccine by producing IHA antibody (Table 9).  Some males achieved 
tlters as high as 1024 after only one booster inoculation.  The 
subcutaneous route of vaccination was second in effectiveness. 
There was no apparent difference in the IHA response of male rats 
inoculated intramuscularly with high and low vaccine doses. 

Results similar to those found in males were obtained for female 
rats (Table 9).  The intraperitoneal route of vaccination was signifi- 
cantly more effective for inducing high titered IHA antibody.  Female 
rats that responded to intraperitoneal vaccination produced signifi- 
cantly higher tlters than those to  nd in males, but fewer females than 
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males produced antibody. Unlike results tor males, the subcutaneous 
route was only slightly better than the Intramuscular route for 
vaccinating females. Little difference was found between females 
given high and low doses of vaccine. 

IHA tlters in rats vaccinated with the Plague Vaccine USP 
declined considerably over 3 h months, at which time many rats did 
not have a detectable tlter that previously possessed one. 

Three groups of rats vaccinated with Plague Vaccine USP were 
challenged subcutaneously with ten-fold quantities of virulent 
Y. pestis (Table 10). Results of this challenge demonstrated for rats 
vaccinated with Plague Vaccine USP the same relationship between 
tlter and resistance to disease seen in rats immunized by other means. 
Whereas most rats with tlters of 8 or less did not survive, animals 
with prechallenge tlters of 64 or more usually survived, although 
survival was not quite as good as in rats vaccinated with living 
attenuated plague vaccine or in rats that had survived an earlier 
infection with virulent Y. pestis. The lower rate of survival could 
have been due to sex, since the rat" with high tlters challenged after 
Plague Vaccine USP were females, and in other experiments male rats 
were employed. All the rats that survived challenge following 
vaccination with Plague Vaccine USP demonstrated four-fold or greater 
increases in IHA tlter. 

D. Rats vaccinated with the Fraction 1 antigen of Y. pestis. 

This experiment was designed to determine if vaccination with the 
purified Fraction 1 antigen of Y. pestis could achieve the efficacy 
obtained with the whole-organism Plague Vaccine USP. As inoculum, 
freeze-dried Fraction 1 antigen was reconstituted with saline and 
mixed 1:1 with Freund's complete adjuvant. Rats were Inoculated 
subcutaneously with doses equivalent to I 4 mg Fraction 1/K body 
weight.  Subcutaneous booster inoculations were given at 7 and 14 
days equal to 4 mg Fraction 1/K body weight.  The rats were bled 28 
days after the second booster Inoculation. Of 78 animals vaccinated, 
77 produced IHA tlters of 16-2048, with a geometric-mean tlter equal 
to 272. One rat did not develop a titer. 

Rats vaccinated with the Fraction 1 antigen were challenged with 
virulent plague bacilli by subcutaneous and intranasal routes (Table 
11). Rats with tlters of 64 or higher survived.  Survival was some- 
what better than for rats with similar titers after vaccination with 
Plague Vaccine USP. 
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E. Discussion; Ecology and epidemiology.  It has been shown that 
Rattus norveglcus vaccinated with living attenuated plague vaccine, 
whole-organism killed plague vaccine and the Fraction 1 antigen, or 
rats which survive infection without prior immunization because of 
serum therapy, respond with the production of IHA antibody.  In all 
cases the same relationship between antibody titer and survival per- 
tains.  Rats with very low tlters usually do not survive, although 
death may be delayed, suggesting partial resistance to infection. 
Survival rates are higher for rats with tlters of 16-32, whereas most 
rats with tlters of 64 or more survive.  Without Indications to the 
contrary, it can be assumed that adult Rattus norveglcus caught in the 
wild displaying IHA tlters of 64 or more have experienced and survived 
Infection with Y. pestis and are refractory to reinfection by either 
fleabite or cannabalism. 

The laboratory work has also indicated that, after infection, IHA 
and CF antibodies may be retained for the life of a rat, irregardless 
of sex.  Therefore, tlters of these antibodies are not indications of 
when infection occurred.  In experiments where rats were given Plague 
Vaccine USP or Infected rats were adirlnistered antlserum treatment, 
IHA tlters subsequently showed rapidly decline.  These circumstances 
are not met with by rats in nature, of course.  The laboratory data on 
rats immunized first with EV76(51f) and then challenged with virulent 
195/P probably reflect uore closely what might occur in the wild, such 
as immunization of wild rats by sublethal infection or with avirulent 
or attenuated strains of Y. pestis followed by exposure to virulent 
plague bacilli. 

Clear evidence of cryptic infection with Y. pestis was obtained 
when rats without buboes three months after infection were observed 
with buboes at six months, with concomitant increases in IHA titer. 
Additional instances of the establishment of cryptic plague In another 
group of laboratory Rattus norveglcus will be discussed in the next 
section (II). As long as plague bacilli persist in rodent tissues, a 
mechanism for rodent-to-rodent transfer within a species or among 
different species exists. That mechanism is cannibalism or feeding 
upon infected carcasses.  This mechanism may be very significant for 
the maintenance of Y. pestis through inter-epizootic and enzootic 
periods. The present studies are Important because they demonstrate 
that IHA titer and the absence of detectable buboes does not necessarily 
indicate freedom from Infection with Y. pestis.  Sites of infection 
could be small and/or hidden internally where their presence would not 
be suspected. 

F. Discussion;  Vaccines and immunity to plague. Efficacy of 
plague vaccines may be a measure of different things.  It may be the 
ability to Induce IHA or mouse-protective antibodies in blood 
constituents.  These type of data have been applied to estimate the 
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value of vaccines in man. Efficacy can also be the measure of resist- 
ance to disease; a value that can be estimated directly through challenge 
experiments with laboratory animals.  Indirect evidence of resistance 
to disease has been obtained for man from vaccine trials and from 
other observations, such as the lack of clinical disease from 
Y. pestls In vaccinated American troops In Vietnam. The experiments 
reported here Indicate that, at least In the laboratory rat, vaccines 
with an ability to Induce IHA antibody will also protect a larger 
number of animals against fatal disease, since IHA tlter was correlated 
with survival. An Important point Is that IHA tlter Is an Indication 
of Immune status. In R. norveglcus, Irregardless of how the tlter was 
Induced.  The Fraction 1 vaccine was an effective as the whole-organism 
Plague Vaccine USP or even the Immunity derived from previous Infection 
with virulent organisms. 

The results of our experiments can be related to pneumonic plague, 
although only approximately since it is impossible to know exactly how 
many virulent Y^. pestls reached the lungs by inhalation.  Intranasal 
challenge produces Infection of the tonsils, larynx and other structures 
of the upper respiratory tract, as well as of the lungs if sufficient 
numbers of virulent organisms are given at challenge.  Since large 
numbers were used in the present studies, probably some Y^. pestls did 
reach the lungs.  Rats vaccinated with living attenuated EV-vacclne 
or with Fraction 1 antigen, and rats actively immunized from subcutaneous 
infection with virulent Y. pestls, showed no signs of disease after 
Intranasal challenge in those rats with IHA tlters of 64 or higher. 
Thus, these studies suggest that vaccination effective against bubonic 
plague will also protect against plague pneumonia, and that IHA tlter 
may be an important indication of immune status to pneumonic plague. 

The vaccines tested were composed of encapsulated organisms, alive 
or dead, or immunogenic subunit Fraction 1 of Y. pestls. The challenge 
experiments described in this report were all done with the classical 
virulent encapsulated strain 195/P of Y. pestls.  Strain 195/P, of 
Indian origin. Is representative of most of the strains of Y. pestls 
that have been found in nature. Thus, the results of our investigations 
apply to circumstances most frequently encountered with plague in rats. 
However, unusual strains of Y. pestls have also been found, such as 
non-encapsulated organisms, which retain virulence.  It is uncertain 
how well IHA titer correlates with resistance to infection with or 
disease from these unusual types of plague bacilli. 

II.  Variants of Y_. pestls derived in vivo from Rattus norveglcus. 

It has been routine procedure in the plague laboratory to invest"' 
gate the deaths of laboratory animals for infection with Y. pestis. 
In the course of such work, isolations of plague bacilli were obtained 
from two rats l-'j-months and 19-uionths after challenge.  Both animals 
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u had been vaccinated with the attenuated strain EV76(51f) of Y. pestls 
prior to challenge with the virulent strain 195/P. Plague, which had 
persisted in these two rats in some cryptic form, was considered to be 
the direct cause of death. Bacteriological studies of the Y. pestls 
Isolated from the rats Indicated that they were non-encapsulated 
strains, whereas EV76(51f) and 195/P used for immunization and challenge 
are encapsulated. Non-encapsulated strains of Y. pestls were not being 
studied in the laboratory at any time during the histories of these rats. 
Apparently, the non-encapsulated variants had arisen spontaneously 
during latent infection.  In addition, both rats had high titers of 
IHA antibody at the time of death. 

The variants caused deaths in mice, almost invariably with terminal 
septicemla, from one week to several months after inoculation. Mice 
often appeared sick several days after inoculation, but subsequently 
showed no signs of Illness until time of death. Mice rarely developed 
buboes after subcutaneous inoculation of the non-encapsulated strains. 

Work on the variants continues. 

III.  The significance of maternal antibody in Rattus no;vegicus for the 
epidemToiogy and ecology ot plague. ~~ 

This investigation was completed early in the period covered by 
this report.  Results have been described in manuscripts published or 
submitted to journals. In summary, it was demonstrated that maternal 
antibody increases the probability of surviving infection with Y. pestis, 
and some rodents may survive devastating epizootics because of maternal 
immunization.  Furthermore, maternal antibodies should be considered 
in epidemlological surveys for antibodies to Y. pestis to avoid misin- 
terpreting serologic data obtained from young animals. 
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Table 1 . Vaccination of male rats with the attenuated strain 

EV 76(51f) of Y. pestls 

Group A 

Troup B 

Dose of EV 76(51f) 
administered 

Inoculated into 
the heart: 

17,800 

Inoculated 
subcutaneously: 

25,400,000 

2,5A0,000 

25A,000 

25,400 

2,540 

Number developing 
an'.ibody/Number 

vaccinated 

24/24 

GMT of rats 
with titer 
(range in titer) 

31 (4-512) 

6/6 91 (4-512) 

3/6 40 (16-256) 

2/6 45 (32-64) 

2/6 32 (8-128) 

1/6 32 (32) 
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,ii)U' 5 . lutranasal cha] icnges of male rats prevloiialy infected 

subcutancously with virulent Y. pestis 

  

IHA tit er CF titer 

pre- 48 days pre- 48 days 
challenge post challenge post 

Challenge No. 1 
(4.1 X 104 Y. pe. 5tis L95/P) 

* 
- subcutaneous inoculation: 

rat N-25 (EV) 512 512 64 0 
N-28 (EV) 512 512 16 0 
N-30 (EV) 1024 4096 256 128 

- intranasal instillation: 
rat N-5 (MA) 512 1024 32 0 

N-36 (EV) 512 1024 64 32 
N-39 (EV) 1024 2048 128 128 

pre- 31 days pre- 31 days 
challenge post challenge post 

Challenge No. 2 
(3.7 X 10° Y. pestis : 95/P) 

- intranasal instillation: 
rat N-19 (MA) 32 64 8 4 

N-7 (MA) 32 4096 0 0 
N-3 (MA) 32 8192 2 0 
N-l (MA) 32 8192 4 0 

N-18 (EV) 128 512 64 32 
N-31 (EV) 256 1024 64 64 
N-38 (EV) 512 2048 128 256 

N-26 (EV) 1024 512 0 0 
N-37 (EV) 4096 8192 256 256 
N-40 (EV) 8192 4096 4 0 
N-27 (EV) 8192 8192 512 256 
N-9 (MA) 8192 8192 256 256 

Non. mmune rats (2) also included as controls (IHA and CF = 0), which 
died within 3 days after challenge.  Symbols in parentheses indicate 
factor which probably permitted survival after subcutaneous challenge 
done 5-10 months prior to this experiment.  EV = vaccination with 
attenuated Y. pestis strain EV 76(51f); MA = maternal antibody to 
Y. pcstJ!'. obtained from dam. 
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Table 6. Correlation between IHA titer and buboes in rats infected with 

virulent Y_. pestis and treated with anti-plague serum 

GMT on day 180 

IHA titer 57 days after 
infection (number rats) 

0 (12) 

4-8 (2) 

16-32 (3) 

64 (6) 

128 (20) 

256 (27) 

512-1024 (6) 

GMT on 
day 92 

Rats without 
detectable buboes 

Rats with 
buboes* 

0 1** 256 

8 8 

64 81 

23 20 40 

39 12 114 

71 10 128 

72 8 

* Rats seen with buboes on day 92 and/or day 180 included. 

** One rat without titer on days 57 and 92 developed an IHA titer 

of 8 by day 180. 
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Table 8. Vaccination schedule for study of Plague Vaccine USP in rats 

for 
;x 

Route of     No. 
inoculation   of 

rats 
each sex 

Ml. Pia 
(Lot 

gue Vaccine USP 
K9703. exp. 3 

inoculate. 
May 19 74) 

Groups 
each si Day 

* 
1 Day 32 Day 49 Day 83 

ip Intraperitoneal 16 1 .5 .5 1 

sc Subcutaneous 16 1 .5 .5 1 

im 
(high) Intramuscular 16 1 .5 .5 1 

im 
(low) Intramuscular 12 .2 .1 .1 .2 

*    26  July  1973 
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Helen R. Jervis, Dr.Nat.Sc; MAJ James H. Thrall, MC; 
LTC Paul K. Hildebrandt, VC. 

Background 

To define, study, diagnose and control known and potential bacterial 
and parasitic diseases common to both man and animals of potential military 
significance.   The major effort is directed toward defining the pathogenesis 
of these diseases utilizing gross pathology, microscopic pathology, histo- 
chemical and ultrastructural methods. 

During the reporting period, research activities have been concerned 
with:    (1) histochemical differentiation of Brugia malayi and Brugia pahangi; 
(2) the pathology of Brugia malayi infection in the Patas monkey;   (3) the 
pathology of experimental Yersinia enterocoiitica infection in rats. 

Results and Discussion 

Histochemical Differentiation of Brugia malayi and Brugia panangi. 
Brugia malayi and Brugia pahangi coexist in western Malaysia where the 
former is considered a zoonosis and produces in man the classic lesions of 
filariasis.   It is very difficult to differentiate the microfilariae of these two 
species because of similar and overlapping morphologic characteristics. 
Previous workers have attempted to distinguish them on the basis of fre- 
quency of sheath casting, morphology of the rectal protusion, measurement 
of the "Innenkorper," and ultrastructural characteristics.   These methods 
are tedious and/or unreliable for differentiating the two species.   In our 
study, smears of peripheral blood from B. malayi-infected Patas monkeys 
and gerbils were compared with smears from B. pahangi-infected cats 
and dogs after processing for the demonstration of acid phosphatase (AP) 
activity.   B^ pahangi showed strong diffuse AP activity throughout the 
with stronger activity at the excretory and anal pores.   In B. malayi, AP 
activity was concentrated at the two pores and less strongly in the cephalic 
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space and in a restricted area equidistant from anal pore and tail tip.   The 
rest of the body showed no or minimal activity.   This method provides a 
practical, rapio, and reliable laboratory technique for obtaining a definitive 
etiologic diagnosis in the host. 

Pathology of Brugia malayi Infection in the Patas Monkey.   Four adult 
female Patas monkeys were each inoculated subcutaneously on the dorsum 
of both feet with 175 third stage larvae of B^malayi.   The source of the 
parasites was Aedes aegypti mosquitoes (Black eye strain) which had 
been membrane-fed 11 days previously on infective Patas monkey blood. 
All exposed monkeys developed patent infections 10-12 weeks post-exposure 
and remained patent throughout the experiment.   The clinical course of the 
lymphatic disease was followed by the use of radiopharmaceutical 
technetium-sulfur colloid scans of the lower extremities during the 36th 
to 4Cth week of infection.   This work was done in collaboration with the 
Department of Medical Zoology, WRAIR. 

Infected animals were euthanized and necropsied 14-18 months post- 
exposure.   Cross lesions consisted of enlarged, tortorous, distal lymphatic 
vessels.   Lymphatic varices were quite prominent.   Individual vessels 
showed intermittent zones of dilatation and constriction.   Histologie 
examination of affected lymphatic vessels revealed viable adult nematodes 
in the dilated areas with mild to moderate proliferative endolymphangitis. 
Constricted areas observed grossly were characterized microscopically by 
obliterative, granulomatous lymphangitis with dead nematodes within their 
lumina.   Collateral branches containing viable nematodes were observed 
adjacent to these granulomatous lesions.   An occasional focus of endo- 
phlebitis was present.   The lymphatic lesions were limited to that area 
distal to the popliteal lymph node.   A multifocal granulomatous splenitis 
was observed in two of the four infected monkeys.   Cranulomata contained 
dying microfilaria. 

Twelve additional Patas monkeys have since be^n infected and 
pathology data is pending termination of the experiment. 
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Pathology of Experimental Yersinia enterocolitica Infection jn Rats. 
Yersinia enterocolitica has been recognized as a cause of disease in man 
and animals for the past ten years.   Reported occurrences of disease attri- 
butable to Y^ enterocolitica have recently been on the increase in man and 
animals.   To date, the organism has been isolated from chinchillas, hares, 
gerbils, guinea pigs, rats, galagos, vervet monkeys, d-gs, cats, sheep, 
pigs, horses, cattle, frogs, birds, snails and man. 

To date, more than 1000 cases of diseases caused by Y^ enterocolitica 
)ave been diagnosed;  Manifestations include appendicitis, ileitis, intestinal 

ulceration and acute lymphadenitis of the mesenteric lymph nodes.   Yersinia 
enterocolitica has also been implicated in human cases of erythema nodosum, 
arthritis, myocarditis, pharyngitis, and septicemia. 

In the spring of 1972, an outbreak ofY. enterocolitica caused two deaths, 
an infant and a young adult, among eighteen ind'viduals reporting clinical 
signs.   Although the source of the outbreak was not proven, a bitch with 
a litter of sick pups was implicated. 

Because of the proven association of Y^ enterocolitica with disease 
outbreaks in man and animals, the similarity of lesions and organs infected 
in these species, and the uncertainties of the source c* infection, it was 
considered necessary to acquire more information about this bacterial 
disease.   Laboratory rats were to be used initially, and, if the results 
warranted, further work would be undertaken using dogs. 

Twelve male rats were divided into six groups of two rats each.   The 
two rats in each group were infected with Yersinia enterocolitica organisms 
(from the North Carolina outbreak) by either the intraperitoneal, intra- 
tracheal, subcutaneous, intravenous or oral route of administration.   One 
non-infected control group was maintained.   Using a plate count method, it 
was determined that 8.8 x 10 8 organisms were given to each test animal. 

One of the rats in the intratrtcheal group was found dead the next morning 
(day 1) while the two rats in the intraperitoneal group were found dead on 
day 2.   All the other animals survived for 18 days at which time they were 
killed and necropsied.   No significant lesions were obOi.. /ed in either the 
control group or in the animals infected orally.   The lesions observed in the 
other animals consisted of pyogranulomatous foci of inflammation.   Although 
the organs affected varied between individual rats, there was no consistent 
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variation between groups.   The organs which most consistently contained 
pyogranulomatous lesions were lung, liver, spleen,  lymph node, kidney and 
pancreas.   The adrenal glands and bone marrow were affected less frequently. 
Subcutaneous abscesses were present in the two rats injected subcutaneousty 
and in one rat injected intravenously. 

The results of the rat inoculation indicate that Y^ enterocolitica is indeed 
pathogenic for rats by all of the tested parenteral routes of inoculation.   In 
light of the pathogenicity of Y^ enterocolitica for rats and the implication of 
sick puppies as the source of infection in the North Carolina outbreak, it became 
important to continue the experimental work utilizing dogs.   The protocol uti- 
lizing dogs has been approved and the studies are pending, awaiting the availabi- 
lity of suitable animal holding facilities. 
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23 (U)  To define mechanism regulating regional circulation, effects thereon of injury, 
and methods of restoring function.  These studies apply directly to the technology of 
reconstructive vascular surgery necessary to repair combat wounds. 

24 (U)  Physiological techniques have been employed to drcument the hemodynamic res- 
ponse of peripheral vascular beds when subjected to venous occlusion and also when sub- 
jected to intraarterlal injection of abuse drugs. Effectiveness of various materials 
as vein grafts has been evaluated by venography. 

25 (U) 73 07 - 74 06.  Previous title: Pathogenesis and treatment ot shock.       Com- 
pleted studies in subhuman primates demonstrate that femoral venous ligation Is associ- 
ated with a significant reduction of arterial inflow and increases in venous pressure anc 
vascular resistance; responses detrimental to an injured extremity.  Lumbar sympathec- 
tomy causes reduced resistance and increased arterial flow; an effect that might be 
beneficial in cases of venous obstruction.  Intraarterlal injection of amphetamines, 
methadone. Darvon, barbiturates and morphine, all dilate the peripheral vasculature. 
This observation demonstrates that distal gangrene secondary to drug injection ir-  not a 
result of vasoconstrictlon. A suitable prosthetic material has yet to be developed that 
can serve as grafts in peripheral veins. Collagen tubes, bovine heterografts, Dacron 
arterial prosthesis and Dacron coated with a hydrophllic polymer all have been evaluated 
in femoral veins of dogs and have demonstrated poor results in terms of maintained pa- 
tency. 

For technical report see Walter Reed Army Institute of Resparch Annual Progress Report, 
L Jul 73-30 Jun 74. 
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Project 3A161102B71R RESEARCH IN BIOMEDICAL SCIENCES 

Task 01 Surgery 

Work Unit 092 Pathogenesls and treatment of shock 

Investigators. 
Principal: LTC David G. Reynolds, MSC 
Associate: CPT Michael J. Zinner, MC; MAJ Alden H. Harken, MC; 

PFC John C. Kerr 

1. Gastrointestinal Responses to Shock 

a. Statement of the Problem and Background. Previous reports from 
this laboratory have demonstrated species differences in the hemodynamic 
response of the splanchnic vasculature to shock. ' »  In canine models 
of endotoxin shock, mesenteric blood flow falls markedly while in sub- 
human primate models mesenteric flow remains unchanged for a prolonged 
period. Studies have been conducted to evaluate a mechanism that 
possibly maintains mesenteric flow in primates during endotoxemia. 

Gastric mucosal ulceration has been observed in canine endo- 
toxin shock. Although the etiology remains unclear, local mucosal 
ischemia has been implicn.ed. The reported effects of endotoxin shock 
on canine gastric arterial blood flow are controversial and parallel 
studies have not been conducted in subhuman primates. Studies have 
been initiated to describe the effect of this form of shock on gastric 
hemodynamics in both dogs and baboons. 

b. Experimental Approach. Mesenteric arterial blood flow was mea- 
sured electromagnetically in baboons and the responses to intraarterial 
injection and infusions of catecholamine recorded. Arterial and portal 
venous pressures were monitored for calculation of vascular resistance. 
The effect of endotoxin shock was studied in splenectomized dogs with 
flow transducers placed on the left gastric and splenic arteries. The 
right gastric artery was ligated and catheters were placed appropriately 
to collect blood samples to determine gastric oxygen consumption during 
the course of the experiment. 

c. Results and Discussion. Epinephrlne and norepinephrinf were in- 
jected into the superior mesenteric arteries of baboons in a log dose 
range from 10"3 to 10° ^g (base) kg-1 and infused at a rate of 0.05 |j,g 
g"^- min"l. The drug injections and infusions had no effect on control 
ressures except at the dose of 10^ ^g kg"^- at which aortic pressure 
ncreased by 10-15 mm Hg. Norepinephrine injections caused dose de- 

pendent constrictor responses while infusion of u.e drug ra'1' d signi- 
ficant constriction that did not exhibit autoregulatory escape over a 
10 minute period. When delivered as bolus injections, the two lower 
doses of epinephrine caused vasodilation while the higher doses caused 
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constriction. Epinephrine was infused at a rate calculated to mimic 
the amount perfusing the gut during experimental shock. At that con- 
centration, epinephrine caused a progressive increase in mesenterlc 
blood flow. Alpha adrenergic blockade with phenoxybenzamine poten- 
tiated dilator responses and attenuated constrictor responses while 
beta adrenergic blockade with propranolol exerted the opposite effect. 
The data thus suggest the possibility that the elevation of plasma 
epinephrine concentration during endotoxemia might account for the 
sustained mesenteric blood flow previously reported for baboons. 
These results have been published in preliminary form. 

The studies on gastric blood flow are not complete and only 
canine data have been collected. Subsequent to the intravenous in- 
jection of a lethal dose of endotoxin, arterial pressure and blood flow 
to the stomach fell precipitously and remain at low values. The de- 
crease in pressure and flow are in proportion and thus vascular re- 
sistance is not significantly increased; a response that is uoisual to 
other canine splanchnic regional circulations.  Oxygen consumption of 
the stomach increased during the first hour of shock and remained ele- 
vated during the remaining three hours of observation. This later ob- 
servation is a paradox that has not been explained but is being sub- 
jected to further investigation. 

2. Effect of Endotoxin on Tissue Oxygen Consumption 

a. Background and Statement of the Problem. Many groups have re- 
cognized and documented differences in the shock produced by bacterial 
sepsis and shock due to other causes. The effect of endotoxin at the 
organ or tissue level of investigation remains controversial.  Various 
suggestions of the effect of endotoxin have included a depressant 
effect on the heart (4), the systemic circulation (5), neither (6), and 
both (7). At the tissue level, endotoxin has u  en reported to detri- 
mentally affect oxidative metabolism by liver mitochondria. A series 
of studies have been conducted to describe the direct effect of endo- 
toxin on the oxidative metabolism of an isolated vascular bed and 
slices of rabbit liver. 

b. Experimental Approach. Following surgical isolation of a rear 
leg of the dog, the femoral circulation was perfused by pump to maintain 
constant blood flow. A membrane lung and heat exchanger were used to 
maintain the arterial blood at normal levels of oxygen content, pH, 
PCOo, and temperature. Oxygen and glucose consumption, lactate produc- 
tion, and arterial and venous pressures were measured over a one hour 
control period and for an hour subsequent to the intraarterial delivery 
of graded doses of endotoxin. 

Rabbits were sacrificed with intravenous air, and liver slices 
(0.3 gm) were placed in cuvettes containing a balanced electrolyte so- 
lution, maintained at 37° C, and agitated. As the liver slice consumed 
oxygen, the oxygen tension was continuously monitored with an oxygen 

electrode.  Oxygen content was calculated from PO«, pH,and hemoglobin 
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concentration.  Oxygen consumption (change in content) was calculated at 
various oxygen tensions. When the oxygen tension had fallen to 10 torr 
the cuvette was reoxygenated, endotoxin introduced, and the liver per- 
mitted to consume oxygen in the same manner. 

c.  Results and Discussion.  These studies are nearing comple- 
tion. The results demonstrate the following:  (1) In the constantly 
perfused vascular bed, the intraarterial injection of endotoxin has no 
effect on arterial (perfusion) or venous pressures.  (2) Oxygen con- 
sumption during the control period was constant and fell significantly 
following the injection of endotoxin.  (3) Liver slices consumed oxygen 
at identical rates during duplicate runs but consumption was signifi- 
cantly reduced when endotoxin was present during the second run. The 
results suggest that endotoxin influences tissue metabolism by reducing 
oxygen consumption. 
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23. (U) Research is devoted    to studies of the hemodynamic and biochemical con- 
trols of the heart and circulation particularly during stresses of military importance 
such as exercise and shock. 

24. (U) This program integrates studies of subcellular metabolism with physiological 
studies in anesthetized and also conscious trained animals. While standard prepara- 
tions are used, new ones ar« developed to meet specific program requirements. 

25. (U)  73 07 - 74 06. An assay technique for 5'-nucleotidase has been improved and 
used in studies of the carbohydrate structure of this enzyme. Cyclic AMP appears to 
stimulate calcium uptake of sarcoplasmic reticulum via a low molecular weight protein. 
The suereochemical determinants of the coronary vasoactivity of adenosine have been 
established.  Potassium deficiency does not appear to impair exercise performance. 
For technical reports, see Walter Reed Army Institute of Research Annual Progress 
Report, 1 Jul 73 - 30 Jun 74. 
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Project 3A161102B71R RESEARCH IN BIOMEDICAL SCIENCES 

Task 02 Internal Medicine 

Work Unit 085 Circulatory responses to disease and injury 

Investigators. 
Principal: COL Ray A. Olsson, MC 
Associate: LTC Ronald F. Bellamy, MC; PFC Charles J. Davis, B.S.; 

Eric E. Elliot, Ph.D., M.D.; Mary K. Gentry, B.S.; 
R. Richard Gray, M.S.; Edward M. Khouri; Howard S. 
Lowensohn, Ph.D.; SP4 John D. McLean, B.S.; 
MAJ Randolph E. Patterson, MC; MAJ H. Llnton Wray, MC 

Description. 

Development and application of standardized biological preparations 
to long-term biophysical and biochemical studies of the controls 
of the circulation in the normal state and under the Influences of 
physiological and pathological stresses. 

Progress and Results. 

During this reporting period major efforts have been directed 
toward further defining the relationship between coronary blood 
flow rate and myocardlal metabolism, the factor(s) initiating 
collateral development In responses to coronary insufficiency, and 
the effects of hypokalemla on physical performance. 

1. Metabolic Regulation of Coronary Blood Flow Rate. 

Ventricular pacing at various rates in open-chest anesthetized 
dogs with surgical heart block is being used to examine the rela- 
tionship between coronary flow rate, myocardlal oxygen consumption 
rate and cardiac muscle adenoslne levels. These experiments are 
designed to test the adenoslne hypotheses of the regulation of 
coronary blood flow under normoxic conditions. 

Efforts continue to develop a sensitive and reliable assay of 
adenoslne which is applicable to biological specimens. Methods which 
work well when applied to pure aqueous solutions of this nucleoside 
(1-3) are unsatisfactory when applied to tissue extracts. An 
enzymatic isotope-dilution method based on the corversion of adenoslne 
to 5'-AMP by adenoslne kinase (1) gives very high and variable results 
when applied to tissue extracts, probably because of inhibitory sub- 
stances in the extracts. A double Isotope dilution enzymatic assay 
was developed based on the adenoslne kinase catalyzed formation ot 
I'+C-^P-S'AMP from 1I+C-adenoslne (diluted by 12C-adenoslne In the 
sample) and Y-32-P-ATP. While this method Is insensitive to the 
presence of inhibitors of adenoslne Unase in tissue extracts, it 
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requires stringent purification of the reaction product. The S'-AMP 
analyzed must be contaminated by less than 0.0001 percent of the ATP 
orißinally present, a degree of separation which is unattainable by 
modern Chromatographie methods.  Recently described microbiological 
(2) and fluorometric (3) assay methods were found to be too insensi- 
tive to measure the (picomolar) amounts of adenosine present in 
tissue extracts, and both required tedious purification of adenosine 
tissue extracts, and both required tedious purification of adenosine 
prior to assay. At the present time the insensitive and relatively 
imprecise enzymatic spectrophotometric method (4) remains the best 
available method for the assay of adenosine in tissue extracts. 

The assay method for S'-nucleottdase developed last year has been 
further modified and improved, and a detailed report is being pre- 
pared for publication in the scientific literature.  This method 
is convenient; over 100 assays can be performed in a day.  It is 
specific lor S'-nucleotidase, which makes it especially useful for 
assaying S'-nucleotidase in the presence of other phosphatases 
which can utilize S'-AMP as a substrate. The method is precise, 
having an intra-sample correlation coefficient ^0.97 over a sub- 
strate concentration range of 1-100 yM. This method compares 
favorably with standard optical assays for S'-nucleotidase (Fig. 1). 

200 

< 

Q. 
O 

100 

Optical  Assay 

Figure 1.  Comparison of optical and radioisotoplc assays of 
S'-nucleotidase r2 = 0.998. 
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Figure 2. Effect of 61 nM AOPCP on 5'-nucleotidase activity at 

pH 6.4 and pH 7.4.  Open symbols indicate velocity 
in the presence of AOPCP. 

The kinetics of 5'-nucleotidase inhibition by adenosine-S'-Kjß- 
methylene diphosphonate (AOPCP) were studied in detail during the 
development of the enzyme assay method. Figure 2 shows the results 
of a typical e>-neriment. AOPCP is a competitive inhibitor in 
60 mM TRIS'HCl pH 7.4 having a Ki of 0.05 yM.  The enzyme is 
slightly (20%) activated in 60 mM TRIS-MES pH 6.4, which may be an 
expression of the remarkable sensitivity of this enzyme to buffer 
anion species (5). At pH 6.4 AOPCP is a mixed inhibitor, decreasing 
Vmax and increasing Km significantly. The type of inhibition found 
in our studies confirms the results of Burger and Lowenstein (5) 
which have recently been challenged by Evans and Curd, who found 
AOPCP to be a noncompetitive inhibitor (6) .  Because AOPCP is a 
competitive inhibitor at pH 7.4 we have covalently linked it to 
Sepharose 4B (Afigel 10 (1p purchased from Bio-Rad Laboratories) 
through the purinyl 6-amino group, and will use this in attempts 
to purify the enzyme by affinity chromatography. 
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Table 1:    Effect of Lectlns on Cardiac Mlcrosomal S'-Nucleotldase 

Leetin 
Sugars 

Bound 

a-D-Man 
Con A a-D-Glc 

o-D-GlcNAc 

WCÄ (a-D-GlcNAc) 

SBA a-D-GalNAc 

FBP a-D-Fuc 

>2 

Concentration 
Wg/ml 

10 

50 

50 

50 

Cardiac Mlcrosomal 5,-Nucleotldas(> 
100% - 190 nmole/mg proteln'min 

Washed 

100 

53 

37 

100 

109 

Neuramlnldase      Lysozyme 

55 96 

45 

91 

75 

105 

22 

18 

58 

64 

Abbreviations:    Con A,  concanavalln A; WGA, wheat germ agglutinin; 
SBA,  soybean agglutinin,  and FBP,  fucose binding protein. 
Carbohydrate nomenclature conforms with IUPAC Rules for Nomencla- 
ture of Carbohydrates  (7). 

Lectlns and glycosldases were employed to examine the structure and 
functional importance of the carbohydrate moiety of cardiac mlcro- 
somal 5,-nucleotldase.    The results of one of two studies giving 
identical results is summarized in Table 1.    The inhibition produced 
by lectlns and lysozyme digestion was noncompetitlve  (Fig.  3),   indi- 
cating two things:     the carbohydrate moiety is not at the active site 
of the enzyme, and it is essential for enzyme activity.    The loss of 
activity caused by lysozyme digestion is evidence for a carbohydrate 
chain containing 2 or more GlcNAc residues, and although both WGA and 
particularly Con A bind to other carbohydrates besides GlcNAc,   their 
inhibitory effect, which is additive with that of lysozyme digestion, 
could also be explained by binding to (GlcNAc)     .    Although treatment 
of the microsomes with neuramlnldase had an Insignificant effect on 
5,-nucleotldase activity,  this treatment rendered the enzyme suscep- 
tible to inhibition by soybean agglutinin, which is evidence for a 
carbohydrate chain containing a penultimate GalNAc and terminating in 
sialic acid.    Paradoxically, neuramlnldase digestion of the microsomes 
rendered 5'-nucleotidase insensitive to inhibition by WGA; an amount 
of WGA which    reduced 5,-nucleotidase activity of native microsomes by 
two thirds produced only 10 percent inhibition in neuraminldase- 
treated microsomes.    Neuramlnldase had no effect on Con A inhibition. 
These results are consistent with the complexity of the WGA binding 
site, which may consist of up to 4 subsites with differing binding 
amnlties (8).    In the study cited,  the affinity of WGA for polymers 
of GlcNAc decreased as a function of chain length.    The concentra- 
tions of GlcNAc, GlcN\c'NANA and   (GlcNAc-NANA-)2 required  for  50% 
inhibition of hemagglutination 
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by WGA were In the ratio 3000:50:1,  Indicating that shortening the 
length of the GlcNAc chain by cleavge of NANA or a NANA-contalnlng 
residue will reduce the binding affinity of the lectln, and could 
explain the loss of lectln Inhibition observed.    The Insensltlvlty 
of Con A Inhibition to neuramlnldase treatment suggests that this 
lectln may be binding to a different portion of the carbohydrate 
chain and perhaps to a different  sugar,  e.g.,  a-D-Man. 

1 

lA 

Figure 3. Effect of concanavalln A (2.5 yg/ml O; 25 ug/ml D) on 
5'-nucleotldase activity. 

The lectin from Lens culinaris has been purified and preliminary 
studies have shown that this lectin binds to S'-nucleotidase.  The 
resulting inhibition of enzyme activity can be reversed by methyl- 
a-D-glucopyranoside. We plan to use this lectin in the preparation 
of affinity chromatogranhy columns for puirlfying large amounts of 
the enzyme. 
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Figure 4.     Effect of adenoslne on coronary vascular resistance, 
showing that 8.72 yM adenosine  (lower right) causes 
maximum coronary vasodilation,   i.e.,  equal to peak 
reactive hyperemia  (upper right). 

The stereochemical determinants of the coronary vasoactivity of 
adenoslne were investigated by intracoronary infusions of various 
purine rlbosides and adenine nucleosldes in conscious resting dogs 
(Fig. 4).     Comparisons of dose-response curves for  these compounds 
yielded the following structure-activity rules: 

1. 
2. 
3. 

4. 

5. 

Purine substitutions at N1 reduce vasoactivity. 
Purine substitutions at C2 enhance activity. 
Replacement of the purine 6-amino-group generally decreases 
vasoactivity.    The order of potency of the nucleosides 
tested was Nl^ > '•leNH > Me2N > H > Cl > SCl^NC^ > Mes > S-0. 
Inosine was approximately 103 less potent than adenosine. 
Alteration of  the sugar moiety decreased vasoactivity.    The 
vasoactivity of the deoxy ribosides decreased in the order 
5'd > 3'd > 2'd.    While epimerization at €'2, C'S or 0*4 
completely abolished activity,   substitution of a hydroxy- 
methyl group for the anomeric hydrogen or 2'-0 or 3'-0- 
methylation reduced but did not abolish vasoactivity. 
Introduction of a bulky bromine atom at C-8 of the purine, 
which restricts the glycosldic  torsion angle to  the syn 
range, abolishes activity. 
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This study shows that the coronary vasoactlvlty of adenoslne Is 
determined by the erythto configuration of the 2'- and S'-hydroxyls 
of D-rlbose, and the relative potency Is Influenced by the chemical 
nature of  the substltuent In the purlnyl ö-posltlon.    Electron- 
withdrawing substltuents at purlnyl C-2 enhance activity, whereas 
substitutions at N-l decrease activity.    The anti conformation at 
the glycosldic bond appears to be essential for activity.    The 
determinants for coronary vasoactlvlty are not the same as those 
for binding to the putative membrane carrier system in cardiac 
sarcolemma  (9). 

Studies of  the chemistry of energy-dependent processes  in cardiac 
cell membranes have shown that the stimulation of Ca    , Mg^-ATPase 
of sarcoplasmic reticulum by cyclic AMP is Ca"""-dependent, being 
maximal at  [Ca++]  medium of ca. 10 yM and insignificant at > 100 yM. 
Under identical assay conditions the cyclic AMP-stlmulated phospho- 
rylation of membrane proteins was Ca"""-dependent and paralleled  the 
cyclic AMP stimulation of Ca++, Mg^-ATPase.    Polyacrylamide gel 
electrophoretlc fractlonatlon of the phosphoesterifled proteins 
formed by Incubation of sarcoplasmic reticulum with y-    P-ATP yields 
labeled proteins having molecular weights of 18-20,000,  45-50,000 
and > 125,000 daltons, respectively.    Phosphorylation of the 
18-20,000 dalton protein is stimulated by cyclic AMP,   suggesting 
that the enhancement of Ca++ uptake by sarcoplasmic reticulam may 
be mediated by a relatively low molecular weight protein. 

2.    Factor(s)  Initiating Coronary Collateral Development. 

Experiments have been started to determine whether the development 
of a collateral circulation by coronary constriction  (10)  is 
initiated by decreased p02 in the ischemic   bed or by the pressure 
gradient established between the constricted vessel and neighboring 
coronary branches.    Left-anterior descending coronary artery con- 
striction is applied in conscious resting dogs by means of a hydraulic 
occlusive device.    A fine silastic catheter Implanted distal to this 
device is used to monitor the pressure gradient, and silastic 
catheters implanted in the great cardiac vein and in the coronary 
sinus are used to monitor the p02 of the venous effluent of the con- 
stricted descendens and normally perfused circumflex beds. 
Occlusion of the venous system during blood sampling by inflation 
of a pneumatic cuff at the terminus of the great cardiac vein 
minimizes contamination of coronary sinus blood by great cardiac 
vein blood.     Initial studies show that this preparation is techni- 
cally feasible and suitable,  that the p02 of coronary sinus blood 
is 1-2 mm Hg higher than that of the great cardiac vein,  that coro- 
nary artery constriction appears to decrease the p02 of the venous 
effluent simultaneously with the appearance of an intercoronary 
pressure gradient.     Subsequent complete coronary artery occlusion 
caused an elevation of p02   'n the venous effluent from the ischemic 
bed which disappeared after 2 days. 
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3.    Effect of Potassium Depletion on Exercise. 

Heavy physical  training in a hot climate causes a loss of about 
20 percent of exchangeable potassium In nan  (11).    Dogs depleted 
of potassium by feeding a potassium-free diet  together with the 
administration of deoxycortlcoscerone have markedly reduced 
skeletal muscle exercise hyperemla (12) and evidence for impaired 
cardiac performance (Knöchel, J.P.:    personal communication).    In 
order to more precisely define the effect of potassium depletion 
on physical performance, the oxygen cost of performing a fixed 
program of treadmill exercise is being assessed in dogs undergoing 
dietary potassium depletion.    Results to date indicate that heart 
rate, blood pressure, cardiac output and total body oxygen consump- 
tion during exercise  (9 mph at an 11 percent grade for 20 minutes) 
are not affected by 15-25 percent depletion of body potassium stores. 

Parallel studies of the effect of potassium depletion on skeletal 
muscle glycogen metabolism are too preliminary to give definitive 
results. 
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Project 3A161102B71R    RESEARCH IN BIOMEDICAL SCIENCES 

Task 02    Internal Medicine 

Work Unit 086    Military hematology 

Investigators: 
Principal:   Marcel E. Conrad 
Associate:   Daniel B. Kimball, David J. Ahr, Jeffrey L. Berenberg, 

Patrick R. Bergevin, Johannes Blom, David H. Boldt, Robert P. Brouillard, 
John R. Durocher, Jon P. Gockerman, Michael J. Haut, John A. Kark, 
RobertG. Knodell, Frederick R. Rickles, Harold L. Williams. 

Objectives;   Basic and clinical investigation in the field of hematology. 

Technical Approach:    Basic and clinical studies were performed to investi- 
gate the functions of blood and blood-forming organs .   These include in- 
vestigations in the fields of immunohematology, nutritional hematology, 
coagulation, and red blood cell biochemistry and biophysics.   The diver- 
sity of investigative undertakings and publications reflects th^ fact that 
this laboratory serves as the primary site for hematologic studies, referral 
of difficult diagnostic problems, trailing of hematologists, and standardi- 
zation and quality control of laboratory reagents for hematological para- 
meters for the U.S. Army. 

Progress and Results:    Cyanate therapy has been proposed as a treatment 
for patients with sickle cell anemia both to prevent and treat crisis, and is 
presently being used in human subjects to determine its safety and efficacy 
at other institutions.   It has been postulated that cyanate prevents sickling 
by carbamylating the terminal valine residue of sickle hemoglobin.   This 
reaction is nonspecific because cyanate reacts with the amino and thiol 
groups of many proteins and produces irreversible inactivation of G6PD 
activity in erythrocytes in vitro.   We undertook studies in rodents in order 
to delineate the toxicity of cyanate.   During the previous year we demon- 
strated that rats fed 50 mg/kg for 8 weeks developed mild lethargy and had 
excessive amounts of glycogen in the liver.   Larger doses of sodium cyan- 
ate (100-200 mg/kg) caused severe lethargy and hind limb paralysis with 
pronounced glycogen deposition in the liver.   Therefore the activities of 
various hepatic enzymes in solved in glycogen synthesis and degradation 
were measured in rats receiving either oral or parenteral doses of sodium 
cyanate.   In orally dosed animals, significant decreases in the activities of 
glucose-6-phosphatase and glucose-6-phosphate dehydrogenase were ob- 
served in the liver of treated animals.   There was no significant effect 
upon phosphoryläse, UDPG-pyrophosphorylase, glycogen synthetase. 
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phosphoglucomutase or debranching enzyme.   In intraperitoneally dosed 
rats, significant decreases were observed in the activities of glucose-6- 
phosphatase, phosphorylase, and UDPG-pyrophosphorylase but not in 
glycogen synthetase, phosphoglucomutase, or debranching enzyme.   In 
vitro studies on purified enzymes showed strong inhibition of glucose-6- 
phosphatase and glucose-6-phosphate dehydrogenase, and in both cases 
this was competitive with glucose-6-phosphatase.   Cyanate inhibition of 
phosphorylase and UDPG-pyrophosphorylase was less potent and noncom- 
petitive.   At high concentrations , cyanate inhibited phosphoglucomutase. 
These data suggest that (a) in vivo administration of cyanate affects glyco- 
gen metabolism by a direct effect on the enzymes, (b) in vivo inhibition of 
enzymes by cyanate corresponds to in vitro sensitivities of the enzymes to 
cyanate, and (c) cyanate interacts with the glucose-6-phosphate binding 
site at the active center of the glucose-6-phosphatase and glucose-6- 
phosphate dehydrogenase enzymes.   The effect of cyanate on muscle gly- 
cogen metabolism is currently under investigation.   Preliminary studies 
reveal that cyanate affects the in vivo stimulation of muscle phosphorylase 
by AMP.   A preliminary study of the pharmacologic effects of water-soluble 
vitamins on the neuromuscular toxicity of cyanate was conducted with no 
apparent beneficial effects .   Further biochemical studies showed that 
cyanate caused no change in thiamine-dependent glycolysis.   Preliminary 
studies of rats dosed with radiolabeled sodium cyanate demonstrated differ- 
ences in the subcellular localization in the livers of animals that had pre- 
viously received cyanate, with the greatest concentrations of radiolabeled 
cyanate in mitochondrial and microsomal fractions of hepatic cells . 

In vitro studies of the effect of sodium cyanate upon red blood cells were 
undertaken.   Cyanate was found to increase the net negative surface charge 
of human erythrocytes .   In addition cyanate increased the deformability of 
erythrocytes from patients with sickle cell disease irrespective of their 
oxygen tension.   Similar effects of cyanate upon deformability were ob- 
served in stored red blood cells.   These changes in deformability may be 
related to a decreased calcium content of carbamylated membranes .   Similar 
biophysical studies were performed in normal, pregnant women and in 
women using oral contraceptives.   Although women taking oral contracep- 
tives allegedly have decreased erythrocyte deformability, we were unable 
to confirm these results and attributed this to improvements in the compo- 
sition of newer chemical formulation of contraceptives.   On the contrary, 
erythrocyte deformability was decreased in pregnant women and the eryth- 
rocytes became less deformable as pregnancy progressed;  these changes 
could be correlated to increasing levels of estrogen in the later   stages of 
pregnancy.   Studies were undertaken of the membrane of irreversibly 
sickled cells because sickle cell ghosts maintain their abnormal shape. 
Polyacrylamide gel electrophoresis of membrane proteins from sickle cells 
failed to show any significant abnormalities. 
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Studies of the mechanism by which the reticuloendothelial system recog- 
rizes aged and injured red blood cells were continued.   Studies were 
undertaken to ascertain the mechanism by which complement fixation pre- 
disposes erythrocytes to hemolysis.   It has been previously reported that 
red blood cells coated with a complement are temporarily sequestered in the 
reticuloendothelial organs of man.   However, the mechanism of sequestra- 
tion of the complement-coated red cells has not been defined.   We studied 
two membrane properties possibly associated with the sequestration and 
extra vascular destruction of human erythrocytes:   surface charge and de- 
formability.   Complement was fixed to red cells by low ionic strength or 
cold agglutination antibody.   Surface charge was measured as electro- 
phoretic mobility in a Zeiss cytopherometer.   Deformability was measured 
as filtration time of 2% red cell suspensions through 3 micron polycarbon- 
ate filters.   No difference was found in the electrophoretic mobility of either 
normal or complement-coated red cells.   However, red cells that were 
coated with complement by either method were found to be significantly less 
deformable than normal erythrocytes .   Increasing amounts of complement 
as measured by the degree of agglutination with a specific anti-C3 antibody 
increased filtration time.   Contrariwise, incubating the complement-coated 
red cells with serum returned the filtration time towards control values. 
It was postulated that decreased deformability of complement-coated red 
cells could retard their passage through the microvasculature, resulting 
in their rapid clearance from the circulation and prolonging their exposure 
to macrophages with C3 receptors.   Alteration of C3 by incubation of com- 
plement-coated red cells with serum and associated return of deformability 
towards normal could explain the delayed return of nonphagocytized 
complement-coated erythrocytes to the general circulation. 

Biophysical and biochemical studies of erythrocytes obtained from patients 
with various hemolytic states were undertaken to elucidate the character- 
istics that rendered these cells effete and made them recognizable as abnor- 
mal cells doomed to destruction either in the microvasculature or by the 
reticuloendothelial system.   Red blood cells from patients with hereditary 
erythrocytic multinuclearity were selected as an example of a hemolytic 
disorder with grossly abnormal physiological functions.   Abnormal amounts 
of phosphatidyl choline and glycosphingolipids have been identified in the 
membranes of these CPIIS with a significant decrease in neuraminic acid 
concentration.   These chemical chö\nges appeared directly related to 
altered physiological characteristics of surface charge and membrane 
deformability which appeared to correlate with the altered immunological 
characteristics these membranes display.   Studies of erythrocytes in spur 
cell anemia showed abnormalities in lipid content, osmotic fragility, and 
deformability.   Correlation of changes pre- and post-splenectomy provided 
support for the concept of membrane conditioning by the spleen as a 
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u factor in the etiology of hetnolysis.   Studies of erythrocytes from patients 
with paroxysmal nocturnal hemoglobinuria showed defects in the binding of 
complement components to the membrane.  A normal lipid composition was 
found and the lipids were functionally normal regarding complement bind- 
ing.   Further data is being obtained because this is the first strong evi- 
dence suggesting abnormalities in the protein components affecting comple- 
ment binding in this disease. 

Investigations are currently in progress to assess the physiologic impor- 
tance of exterior membrane galactose moieties.   Galactose will be removed 
or modified enzymatically on rat erythrocytes and these changes correlated 
with ill vivo ^Cr erythrocyte survivals.   Microwave v/arming of banked 
human blood appears to decrease erythrocyte deformability without alter- 
ing membrane proteins or surface charge.   These changes may be related 
to the production of Heinz bodies.   Efforts are being made to determine if 
the passage of banked canine blood through Swank or Pall filters prior to 
infusion interferes with erythrocyte viability.   A study on the stability of 
the human erythrocyte membrane during ACD storage for 6 weeks is being 
completed.   Special attention was given to deformability, surface charge, 
sialic acid content; cholesterol and phospholipid content; and membrane 
protein composition on polyacrylamide gel electrophoresis . 

The participation of cell membrane in infections and inflammatory states was 
studied.   In an attempt to identify a membrane receptor for the malaria para- 
site, erythrocytes were treated with various proteolytic enzymes and the 
effect on surface charge and merozoite invasion monitored.   Chymotrypsin 
and primase eliminated invasion, but trypsin and neuraminidase did not. 
This suggested that the sialoglycoprotein is not the membrane receptor for 
the parasite.   The negative surface charge of penicillin-sensitive, penicil- 
lin-resistant, and methicillin-resistant staph aureus was found to increase 
with increasing antibiotic resistance.   Methicillin-resistant staph isolated 
from plates of penicillin-sensitive staph had a greater negative surface 
charge than its progenitor.   The significance of these studies is not clear 
but might lend itself to rapid in_ vitro identification of methicillin-resistant 
staph. 

A study is being completed that correlated the m vitro invasion of malarial 
parasite into enzymatically treated human and monkey erythrocytes and the 
changes in red blood cell membrane proteins on polyacrylamide gel electro- 
phoresis.   An attempt is being made to correlate pathogenicity of meningo- 
coccus with its net negative surface charge.   Preliminary studies have 
suggested that increased electronegativity correlates with pathogenicity. 
Finally, a study is being completed correlating decreases in surface charge 
of human leukocytes following exposure to chemotactic substances—c.f. 
CSA, kallikrein, and transfer factor. 
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The effect of hypokalemia on glycogen metabolism of skeletal and myocardial 
muscle in dogs fed a potassium-free diet is being studied in collaboration 
with Dr. Randolph Patterson of the cardiorespiratory section at Forest Glen. 
Control values for enzyme activities have been established on tissue from 
normal dogs, and one dog has been maintained on the IC^-deficient diet for 
more than 60 days.   This animal has had twice-weekly specimens obtained 
for sequential metabolic studies and potassium levels.   Its total body po- 
tassium is approximately 50% depleted. 

Application of our glycogen assays to the study of a patient with McArdle's 
syndrome has had two significant offshoots.    (1) We have prepared pure 
rabbit muscle phosphcrylase and will be generating antiserum in roosters . 
This may enable us to determine whether a given patient with absent muscle 
phosphcrylase has inactive but immunologically reactive phosphorylase 
present;   (2) We have normal values in our laboratory for glycogen-related 
enzymes in human muscle, and will be studying glycogen metabolism in 
muscles of patients with malignancy-associated weakness . 

Over the past year, we have performed approximately 60 studies of red 
cell metabolism in patients with unexplained hemolytic anemia.   Of the pa- 
tients with detectable abnormalities, two families are particularly note- 
worthy.   One family was found to have an unstable hemoglobin; this family 
is being studied in conjunction with Dr. Titus Huisman,   Another family has 
a unique hereditary pattern of pyruvate kinase deficiency.   In this family it 
appears that the father is a double heterozygote (the classic gene for PK 
deficiency and a silent mutation) and the mother is heterozygous for a silent 
mutation at the PK locus . 

During the Fall, a TB-med on hemoglobin variants and hereditary enzyme 
defects was prepared. 

Current work is focused on the interaction between human peripheral blood 
lymphocytes and sheep erythrocytes.   In recent years the ability of a sub- 
population of human lymphocytes to form rosettes spontaneously with sheep 
red cells has become recognized and has been widely applied as a surface 
characteristic of thymus-dependent (T) lymphocytes.   Despite the increas- 
ingly widespread clinical application of this phenomenon, very little is 
knov.i   -bout the nature of the T-lymphocyte-sheep cell interaction. 

Our results indicate that a mean of 60-65% of peripheral blood lymphocytes 
from normals are rosette-forming cells (RFC), this data deriving from 
nearly 100 separate determinations on many different subjects .   We have 
chosen to study the nature of this reaction by introducing various pertur- 
bations into the system.   Our data demonstrate that trypsin treatment of 
sheep erythrocytes markedly diminishes their ability to participate in 
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rosette formation.   This effect of trypsin is both time- and concentration- 
dependent.   The glycoprotein material released by trypsin is capable of 
inhibiting rosette formation between lymphocytes and intact sheep cells. 
This suggests that trypsinization of sheep erythrocytes solubilizes a glyco- 
peptide fragment that serves as a receptor site for the rosette interaction. 
The tryptic glycopeptides can be fractionated by gel filtration on Sephadex 
G-75 into two major peaks:   a high molecular weight, sirlic-rich peak 
eluting at the front of the column and a hexose peak devoid of sialic acid 
which elutes after approximately 2-1/2 void volumes.   Significant receptor 
site activity appears to be associated with the high MW fraction ( > 50,000 
daltons) .   This fraction can be further subdivided by anion exchange 
chromatography on DEAE cellulose into several (3 to 5) different species 
varying in their content of sialic acid.   Several of these species appear to 
contain receptor activity, and present work involves identification of the 
most active fraction.   Currently we are attempting to label the sialic-rich 
glycopeptide fragments using mild period? te oxidation of the terminal sialic 
residues followed by reduction with tritiated sodium borohydride.   We hope 
to use this radiolabeled product to demonstrate specific binding to lympho- 
cytes, thus establishing its role as receptor in the rosette interaction. 

We have been investigating other means of perturbing the rosette system. 
Chlor^form-methanol extraction of sheep erythrocyte membranes also , elds 
a high molecular weight water-soluble glycoprotein rich in sialic acid.   To 
date we have been unable to convincingly demonstrate receptor activity in 
this fraction.   Experiments are planned to see if tryptic digestion can re- 
lease this activity.   Other experiments are planned to investigate alterna- 
tive means of receptor release from the erythrocyte membrane including 
LIS extraction, anionic detergent extraction, and treatment with various 
protein perturbants to investigate in situ menbrane localization of the 
receptor structure. 

We have investigated the ability of a number of carbohydrate compounds to 
function as haptane inhibitors of rosette formation.   We have found that 
simple sugars such as glucose and mannose are ineffective inhibitors, as 
is sialic acid.   However, fetuin glycopeptide, a complex oligosaccharide, 
is several orders of magnitude rüore effective, indicating that rosette forma- 
tion does involve an interaction b». tween oligoEaccharide surface compo- 
nents . 

We have also investigated the effect of neuraminidase treatment of sheep 
erythrocytes on the rosette interaction.   In contrast to observations 
reported in the literature, we observe no increase in percentage of rosettes 
following this treatment despite release of up to 80% of membrane sialic acid. 
Further confirming nur impression that sialic acid by itself is not of major 
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importance in the rosette reaction is the fact that the desialyzed tryptic 
glycopeptides are as effective as native tryptic glycopeptides in inhibiting 
rosette formation. 

We have been interested in attempting to demonstrate separate subpopula- 
tions of lymphocytes responsive to different lectins .   Cuatrecasas (BBRC 
52: 305, 1973) has reported that Con-A stimulation resulted in increased 
Con-A surface receptors, but no increase in wheat germ agglutinin recep- 
tors.   We have carried this work further by investigating other lectins in 
thio system.   Preliminary data indicates that Con-A stimulation increases 
not only Con-A receptors, but PHA receptors as well.   These data suggest 
an overlap between lymphocyte populations responsive to these two lectins. 
Further experiments are planned to investigate receptors for other lectins, 
especially nonmitogens.   These cell lines are NC-37 and PA-3, B cell lines, 
and Molt-y T cell line.   These cells are available in gram quantities and 
will be used to evaluate differences in lectin receptor sites.   Also surface 
glycopeptide structures will be radiolabeled (using periodate oxidation 
of sialic residues or galactose oxidase, both followed by reduction with 
tritiated sodium borohydride to label terminal sialic and/or galactose 
residues).   The radiolabeled membrane glycopeptides will be extracted 
using L1S and examined by ion exchange chromatography and/or poly- 
acrylamide gel electrophoresis for significant differences. 

Platelets prepared by standard techniques of washing in protein buf iero 
with calcium and fibrinogen frequently lose their ability to react to aggre- 
gating agents in standard low concentrations unless resuspended in plasma. 
Utilizing a ficoll-hypaque density gradient and a resuspending medium con- 
taining Ty»-ode's solution, heparin, fibrinogen with and without albumin 
and apyrase, we obtained platelets retaining their ability to aggregate in 
presence of 4 x 10""^ of ADP and epinephrine, collagen suspensions, and 
thrombin (0.25u/ml) .   Electron micrographs showed preservation of normal 
discoid shape with intact «^-granules, dense bodies and canalicular sys- 
tems .   No significant difference was seen when these platelets were com- 
pared to platelets similarly fixed in platelet rich plasma (PRP) .    ■iH-5HT 
release after aggregation with bovine thrombin (2.5u/ml) was comparable 
to that in PRP (62% vs 69%) , as were platelet ATP, ADP, and  ierotonin 
content and ATP/ADP ratios (1.2 vs 1.3).   After two washes using this 
method, response to low concentrations of aggregating agents remained 
unchanged for at least 4 hours with incubation at 370C.   In contrast, plate- 
lets prepared either without a gradient or with a bovine serum albumin 
gradient frequently showed poor reactivity to aggregating agents and 
marked disruption and aggregation when examined by electron micro- 
scopy.   Ficoll-hypaque density gradient separation is a simple and repro- 
ducible method for collection of washed platelets free of plasma that retain 
functional and morphologic characteristics of platelets in autologous plasma. 
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Studies were undertaken to find better methods for platelet typing for use 
in platelet transfusions.   Patients receiving random platelet transfusions 
could become alloimmunized and show no rise in platelet counts for the 
poor hemostatic effect from transfused platelets.   A method proposed to 
avoid the effect of alloimmunization disease is the use of HLA lymphocyte 
typing to find an HLA-compatible donor.   This method requires specialized 
reagents and techniques.   To bypass this problem we have developed a 
modification of the radioactive serotonin platelet release technique origi- 
nally developed for ITP factor.   Modification of this technique allows use 
of small quantities of serum from the alloimmunized patient as antibody and 
tritium-labeled serotonin-labeled platelets as the antigen.   Presence of an 
alloantibody in the sera specific for platelets results in the release of la- 
beled serotonin and indicates an incompatible match.   This technique was 
evaluated clinically, and when no serotonin release occurred between the 
patient's sera and platelet samples, there was a normal platelet rise after 
platelet transfusion.   However, when serotonin release occurred, no or 
little platelet rise was seen.   Patients who showed no rise in platelet counts 
when given random platelets usuallv caused release of serotonin from ran- 
dom donor platelets when their sera were added.   In these same patients, 
platelet typing of the families resulted in the finding of compatible donors 
whose platelet transfusions caused a ris? in the platelet counts of the recip- 
ient.   Chromium 51 tagging of platelets was performed; platelet survival 
studies revealed (1) an extremely short persistence of randomly obtained 
platelets showing abnormal serotonin release, and (2) a normal survival 
of platelets in which no serotonin release was observed.   This new technique 
allows rapid matching of platelets and requires no specialized reagents. 
We found that platelets may be stored for as long as 48 hours at room temp- 
erature before the test is performed, thus allowing blood samples to be 
mailed for testing.   It is believsd that the technique may be of aid in the 
problem of tissue compatibility and evaluating HLA antigen patterns on 
platelets vs lymphocytes. 

Studies of the isoantibody specificity in post-transfusion purpura were 
undertaken using serum from a fatal case of post-transfusion purpura. 
Antiplatelet antibody in this serum specimen showed specificity for the 
PL^l platelet isoantigen in that the antibody was adsorbed by all PL^l 
positive platelets tested but not in PL^l negative platelets.   Some PL^^ 
positive platelets that fix complement with the reference anti-PL^^ did not 
fix complement with this antibody.   When used with these platelets, the 
patient's antibody competitively blocked the complement-fixing activity 
of reference anti-PL^l,   There was no evidence for lack of antigenic sites 
on the noncomplement-fixing platelets or for antibodies with more than 
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one specificity in the patient's serum.   The.^e c1   dies, therefore, indicated 
that complement-fixing antibody of different samples of anti-PL^l are vari- 
able and that this variation is prob ably due to distribution of PL^l antigenic 
sites on cell surfaces rather than differences in antigenic structure that 
affect antibody affinity. 

A quantitative assay for the plasma factor deficient if .rn Willebrand's 
disease (VWD) was developed in collaboi ation with Columbia University 
and the University of Connecticut.   We as jessed this new procedure (quan- 
titative correction of ristocetin-induced platelet aggregation) in 15 patients 
with von Willebrand's disease and 20 normal subjects as well as 14 patients 
with Hemophilia A.   Comparisons were made between the bleeding time, 
factor VIII procoagulant activity (VIII^'p), factor VIII antigen content 
(VIII^QN), and the von Willebrand factor (VHIy^p) as measured by our 
assay.   The correlation coefficient between VIIIyWF and VIII^Qf^ was 0.94 
but bleeding time prolongation in von Willebrand's disease correlated best 
with VIIIywF • 

In an attempt to further elucidate the molecular abnormalities in von Wille- 
brand's disease, VIII^QJ^J, VIII^CT» 

an<^ ^^VWF survivals have been 
studied in six patients with von Willebrand's disease following cryopre- 
cipitate therapy or epinephrine infusion.   Variable response to factor VIII 
transfusion has produced conflicting results, but it is clear that some pa- 
tients process infused material quite differently than was postulated in the 
literature and that they maintain levels of VIII/^QN for longer periods of 
time.   Epinephrine appears to induce release (synthesis?) of both VIII^cp 
and VHI^y^j in patients with both VWD and Hemophilia A.   VIIIywE studies 
are yet to be completed and depend upon FDA release of Ristocetin.   The 
final results of this study should provide some insight as to the number of 
molecules involved in the defects of VWD. 

Cryoprecipitate from normal volunteers has been prepared and re-infused 
to determine the "normal" T 1/2 of both VIII^-p and VIII^GN ■   Most of the 
studies of VIII survival in the literature fail to measure the normal values 
for these parameters or lack the VIII^QJ^J data.   This project is continuing 
and will hopefully provide bsjeline information regarding the in vivo 
survival of this (these   molecule(s). 

In addition to VWD we have had the opportunity to study in detail three 
families with defects of both hemostasis (platelets-vascular factors) and 
coagulation (clotting factors).   A large family with both Hageman factor 
deficiency and a thrombocytopathy is being reported as well as two families 
with thrombocytopathies in association with hemophilia A.   These cases 
are particularly instructive in that all patients had prolonged bleeding 
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times, abnormal PTT's, and defective platelet retention by glass bead 
filters;  they were referred, therefore, with the diagnosis of von Wille- 
brand's disease.   A review of such combined defects is contemplated, but 
such cases are exceedingly rare. 

Although organ infarction due to vascular occlusion is a hallmark of 
sickle cell disease (SCD), the role of the coagulation system in the patho- 
physiology of this disease remains uncertain.   We have recently reviewed 
the current status of investigation in this area of sickle cell research, con- 
structed a hypothetical model for hypercoagulability, and recommended 
new avenues for therapeutic trials and clinical research. 

Lymphocytes have recently been found to be a source of the extrinsic 
coagulation protein tissue factor.   The role of this clotting protein in bio- 
logy remains unknown, but recent work in our laboratory has suggested 
its importance in the mediation of cellular immune function. 

Lymphocytes recovered from a rejected human renal allograft were cultured 
in vitro and assessed for their ability to generate both soluble mediators 
and tissue factor.   The lymphocytes were shown to be of recipient origin 
by sex keryotyping.   Unlike control cells (peripheral blood lymphocytes) 
which required antigenic or mitogenic stimulation in vitro to produce medi- 
ators, the kidney lymphocytes   or so-called "rejection cells" were capable 
of generating macrophage migratory inhibition factor (MIF), mitogenic 
factor (MF), chemotactic factors (CF), and tissue factor (TF) without 
exogenous stimulation.   It was of interest that shortly before clinical rejec- 
tion of the allograft was noted, the patient excreted large quantities of 
fibrin degradation products in her urine.   It is our postulate that blood 
coagulation plays an important role in the chronic rejection reaction and 
that the tissue factor pathway may be in dated by sensitized lymphocytes. 

Studies on the interaction of endotoxin (lipopolysaccharide) and lympho- 
cyte membranes have been completed with the collaborative efforts of Dr. 
John Hardin of the National Insti.utes of Health and Dr. Jack Levin of The 
Johns Hopkins University.   Endotoxin has been shown to be mitogenic for 
human lymphocytes and a potent activator of lymphocyte tissue factor. 
Dissociation exists, however, between the membrane effects (where TF 
resides) of endotoxin and subsequent nuclear events.   Further ultrastruc- 
tural studies and binding experiments are now underway to clarify the 
effects of endotoxin on the cell surface coat and thereby provide informa- 
tion on tissue factor activation . 
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Trypanosomiasis is a devastating parasitic infection that has been reported 
to produce disseminated intravascular coagulation (DIC) in a single human 
case but thrombocytopenia without DIC in an experimental rat model uti- 
lizing the same strain.   We have investigated the coagulation changes in 
both monkeys (using T. rhodesiens^) and dogs (using T. congolense) and 
have found marked differences in the responses.   Alhough T. rhodesiense 
produced thrombocytopenia in monkeys, no evidence for DIC was found. 
T. congolense, however, while producing similar thrombocytopenia, regu- 
larly induced profound changes of DIC in beagle and German shepherd 
dogs.   The similarities and differences of these strains are currently under 
study but may provide important models for the study of the effects of para- 
sitic diseases on platelets and coagulation factors. 

During the last 6 years this laboratory has made and distributed serum 
specimens to nine international laboratories participating in a collaborative 
endeavor to establish standards and standard referee methods for the mea- 
surement of iron and iron-binding protein in serum specimens.   A simple 
method that permits the reproducible measurement of iron in serum speci- 
mens in the various collaborating laboratories was developed and reported. 
Methods for the measurement of iron-binding protein in serum specimens 
have not been reproducible.   Methods for the measurement of iron-binding 
protein are important because they aid in the differentiation of patients with 
a low serum iron and iron deficiency from patients with infection or an in- 
flammatory condition that have a low serum iron concentration despite a 
normal body stox-e of this element.   The collaborating group has failed to 
improve existent techniques sufficiently so that they could be used as a 
referee method.   However, the methods have been improved so that repro- 
ducible results with about 5% error can be obtained in different laboratories, 
The error factor seems to be due to an iron-binding fraction in serum other 
than transferrin.   Solid phase radioimmunoassay methods are being de- 
veloped for both ferritin and transferrin.   These methods may be more 
practical than biochemical methodology for establishing a standard bio- 
chemical technique. 
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Description. 

Research in military nursing is c 
and indirect patient care, and wi 
principles underlying nursing car 
being reported consist of the fol 
rate monitoring of myocardial inf 
measures to promote a physiologic 
unstructured pre-opeidLive nursin 
for surgery; knowledge hypertensi 
ing their illness and prescribed 
pitalized addlts' understanding o 
abbreviations used by nursing per 
associated with patient satisfact 
ities; and computer support, in mi 

oncerned with both direct 
Lh identifying and testing 
e.  The research endeavors 
j-owing:  continuous heart 
arction patients; comfort 
al stat structured versus 
g preparation of patients 
ve patients have concern- 
treatment program; hos- 
f selected terms and 
sonnel; selected factors 
ion in Army Medical Facil- 
litary psychiatry. 

Progress and Results. 

1.  Continuous Heart Rate Monitoring of Myocardial Infarction 
Patients. 

Within the last two decades, 
strated the existence of bio 
organisms at all levels of s 
nition of the importance of 
logical functioning has lead 
known as biorhythmology or c 
this study is to investigate 
rhythms of heart rate in myo 
to determine if there are de 
these rhythms. The pilot st 
has been completed. Data is 
Findings from the pilot data 
a definitive study will be c 
being reported under Work Un 

numerous studies have iemon- 
logical rhythmicities in living 
tructural organization.  Recog- 
the temporal aspects of bio- 
to the emergence of a discipline 

hronobiology.  The purpose of 
the circadian and ultradia.i 

cardial infarction patients and 
tectable factors which alter 
udy consisting of four subjects 
in process of being analyzed. 
will determine whether or not 
onducted.  This research is 
it Number 9031. 
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2.  Comfort Measures to Promote a Physiological State. 

I u Nurses use both physical and mencal comfort measures In giving 
patient care.  This study Is designed to observe the effective- 
ness of two relaxation techniques In promoting sleep.  A 
skeletal muscle relaxation technique (representing peripheral 
entry Into relaxation) and relaxation via Imagery (represent- 
ing central entry Into relaxation) will be compared with two 
control groups to determine If the methods differ significantly 
In reducing sleep latency.  Adult subjects are randomly assigned 
to one of the four groups, and written consent of voluntary 
participation is obtained.  The IPAT Anxiety Scale and the 
MPI Scale are administered for descriptive population Indices. 
A sleep history questionnaire, sleep rating scale, and sleep 
record are completed.  All groups, with the exception of one 
control group, listen to a 10 to 15 minute audio tape record- 
ing twice a day for three days.  A sleep record is completed 
dally on the morning of each study day.  On the terminal day, 
a sleep rating scale, daily sleep record, sleep latency 
change scale, and exit interview questionnaire are completed. 
Data has been collected on 120 subjects and is In the process 
of being analyzed.  This research is also being reported 
unc'er Work Unit Number 9026. 

3.  Structured Versus Unstructured Pre-Operatlve Nursing 
Preparation of Patients for Surgery. 

In additbn to the stress and depression associated with 
anesthesia, the trauma of surgery triggers a series of 
metabolic and endocrine phenomena which are part of the 
widespread response of the body to injury.  Convalescence 
after injury is completed when the body has returned to as 
near normal functioning as is possible.  There is at present, 
however, a paucity of knowledge about results of pre-operative 
structured teaching of patients and its contributions to con- 
valescence.  There is a general need for reliable and valid 
criteria of patient well-being to determine the effectiveness 
of nursing Intervention with the surgical patient.  The 
purpose of this study is to assess the effectiveness of a 
structured nursing approach for pre-operative teaching of 
the surgical patient on manifest anxiety level, incidence 
of post-operative complications, ventllatory function, and 
patients' perceptions of psychological well-being.  Informa- 
tion regarding experimental and control adults requiring 
surgery will consist of two general types of data:  (1) 
evaluation of circulatory and respiratory status Including 
type and incidence of post-operative circulatory and pul- 
monary complications and post-operative respiratory func- 
tioning using the Wright Respirometer; and (2) comparison 
of pre-operative and post-operative scores on three Personal 

777 

tmt^ntmmm "- ■ -^"■——-^-^—»»-^— —  »- -  ■ ■■ - '■ 



B— ll'"'l.l"*"<Wlli ■  ii m i mmpi        ii   i,. .p.i.n^mwwi "","" ■"—" mtm^mm 

4.  Knowledge Hypertensive Patients Have Concerning Their 
Illness and Prescribed Treatment Program. 

Statistics describing the prevalence of chronic disease 
conditions in the United States are overwhelming.  Hyper- 
tension is one of the most common chronic diseases, and 
directly, or indirectly, it constitutes one of the major 
causes of disability and death in this country.  This 
study was conducted to identify differences in knowledge 
about the condition and treatment regimen among essential 
hypertensive patieats receiving care in   an outpatient medi- 
cal clinic and a nurse-manned clinic.  Data were obtained 
from the responses to questions on an Interview Guide with 
three major categories:  1) nature of the disease, 2) medi- 
cation, and 3) diet.  Data were analyzed by descriptive 
techniques, analysis of variance, and chi-square.  One 
hundred and seventy-five anclts, ages; 25-83, who attended 
a medical clinic and a chronic-care clinic in two Army 
outpatient facilities were subjects for this study.  The 
subjects in both clinics were similar in the following 
characteristics:  the majority were female, dependents, 
married, between 40 and 59 years of age, had between 12 
and 14 years of formal education, a family history of 
hypertension, had kiown about their hypertension over five 
years, kept most of their appointments, and did not smoke. 
In respect to race disbribution, however, more non-whites 
were found in the redical clinic than in the chronic-care 
clinic.  There were higher knowledge scores among subjects 
in the chronic-"are . linic than in the medical clinic, 
significant at p < .001 level.  More subjects in the medi- 
cal clinic had diastolic blood pressures which deviated 
above an acceptable level for their age, than in the 
chronic-care clinic.  This finding was statistically 
significant.  There was no significant difference between 
smokers and non-smokers in terms of mean knowledge scores. 
The findings were explained on the basis of difference in 
compliance in relation to the interaction of the client 
with the caretaker.  This study adds to the increasing 
evidence that th  nurse provides a new dimension in out- 
patient services in terms of promoting health maintenance 
and supervision for hypertensive patients.  Patient compli- 
ance is a major problem in any approach to health maintenance, 
Admittedly, there are a few studies relating compliance to 
physician-patient interaction, however, substative studies 
are needed to determine the influence of the nurse on com- 
pliance behavior among chronically-ill outpatients. 
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5.  Hospitalized Adults' Understanding of Selected Terms 
and Abbreviations Used by Nursing Personnel. 

Man, a social 
give informatl 
guide his acti 
may be written 
by both the se 
practitioners 
their own and 
when caring fo 
and nursing pe 
be effective, 
this study is 
lations requir 
to improve pat 
An interview s 
a senten ce , wa 
each subject. 
now in process 
being reported 

animal, communicates with others in order to 
on or to receive information with which to 
ons.  To be of value, the information, which 
, verbal or non-verbal, must be understood 
nder and receiver.  As in other professions. 
In medicine and nursing have a language of 
a shorthand version of it which they use 
r patients.  Communications between patients 
rsonnel is basically verbal, and for it to 
it needs to be understood.  The purpose of 
to determine what selected terms and abbrev- 
e a more comprehensive explanation in order 
lent-nursing service personnel communications 
chedule, usint each term and abbreviation in 
s used to obtain verbatim definitions from 
Data collection has been completed and is 
of being analyzed.  This research is also 
under Work Unit Number 9027. 

6.  Selected Factors Associated with Patient Satisfaction 
in Army Medical Facilities in the United States. 

A vast number of patients are cared 
throughout the United States. Pati 
variety of reasons ranging from rou 
tlons to serious illnesses and inju 
the reason for any hospitallzation, 
titled to the best possible care th 
but who defines what that care is t 
it has been defined by hospital per 
years, a patient revolt has been in 
patients want to help define their 
this study is three-fold: (1) to g 
satisfaction and dissatisfaction of 
selected aspects of their hospitali 
knowledge of patients' perceptions 
(3) to obtain information about the 
of selected aspects of patients' ho 
hundred and sixty-two adults hospit 
surgical wards in 11 Army medical f 
were the subjects for this study, 
them preferred to remain in the hos 
preferred to leave. The biographic 
those preferring to leave were: ac 
years of age; male; white; and no p 

for daily in hospitals 
ents are admitted for a 
tine physical examina- 
ries.  Regardless of 
each patient is en- 

at can be provided, 
c be?  Traditionally, 
sonnel.  In recent 
progrejs, and now, 
care.  The purpose of 
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Eighty-ilx per cent of all the respondents were satisfied 
with their hospitalization.  The stayers and leavers dif- 
fered in their overall satisfaction with a larger percent- 
age of the stayers being satisfied.  Forty-eight per cent 
of all patients perceived their health to be poor or fair, 
while 52 per cent perceived their health as good or excellent. 
There was little difference, however, between stayers and 
leavers in perceived health status.  Stayers and leavers 
had similar perceptions of the importance of 87 per cent 
of the items regarding hospitalization, but the importance 
they attached to nine items was significantly different. 
The seven items perceived as more important by stayers than 
by leavers were:  seeing the clergy; having adequate lighting; 
getting enough sleep; talking with a dietitian; obtaining 
a bedpan or urinal when needed; having a means to contact 
ward personnel; and being instructed about care after dis- 
charge.  Leavers, however, perceived these two items as 
more important than did stayers; having personal records 
and recreational activities available.  A significant dif- 
ference existed between stayers and leavers in the satis- 
faction expressed with 46 of the 68 items (68 per cent) 
concerning their hospitalization.  Stayers were more satisfied. 
Ten items in the questionnaire, important to many respondents, 
were dissatisfying to at least 20 per cent of them.  One-half 
of these were items for which patients depend on physicians, 
nurses, and other hospital personnel tor information.  Three 
items related to the environment; having a pleasant environ- 
ment; getting enough sleep; and having undisturbed rest. 
Other dissatisfactions were having to wait for diagnostic 
tests and not having hospital clothing that fits.  Fifteen 
items, important to many respondents, were satisfying to 
at least 90 per cent of them.  Seven of these concerned the 
adequacy or cleanliness of the physical plant, equipment, 
and supplies.  Six items involved the physical care given 
by hospital personnel, and two items concerned patients' 
orientation to the unit and hospital.  There was a signi- 
ficant difference in the satisfaction of respondents in 
relation to six biographic variables.  Patients hospitalized 
two w^eks or more were less satisfied than those hospitalized 
for a shorter time.  Respondents on active duty were less 
satisfied than retired persons or dependents.  Patients 18 
to 25 years of age were less satisfied than those over 25. 
The unmarried were not as satisfied as the married, and men 
were less satisfied than women.  Respondents never hospitalized 
before had less satisfaction than those with previous hos- 
pi talizations. 
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7.  Computer Support In Military Psychiatry. 

The Computer Support In Military Psychiatry (COMPSY) study 
Is a project In Walter Reed Army Medical Center's Depart- 
ment of Psychiatry and Neurology with full-time nurse sup- 
port from the Division of Nursing, Walter Reed Army Insti- 
tute of Research.  It is being reported under Project 9076, 
WRAMC. 
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23. (U) To investigate mechanisms for maintaining fluid, electrolyte and hemodynamic home- 
ostasis in response to disease, injury and environmental stresses of military significance, 
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orders in order to provide rational basis for prevention and treatment. 
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25. (U) 72 07-74 06 Uranyl nitrate induced acute renal failure results in marked alterations in 
renal hemodynamics, characterized by a preferential cortical ischemia, possibly mediated by 
intrarenal renin activity.   In addition, there are changes in renal tubular capacity to absorb 
sodium and water, providing a stimulus for renin release in nephrotoxic acute renal failure. 
Early elevations of renin activity in juxtaglomerular apparatuses seem to support this hypoth- 
esis.   Studies have shown potassium has a direct effect on intrarenal handling of sodium and 
may modulate the renin-angiotensin system.   Turtle bladder epithelium studies demonstrated a 
dual role for acetazolamide in hydrogen ion and sodium transport.   Hydrogen ion secretory 
studies demonstrate short chain fatty acids to be the primary substrate for this transport mech 
i.iism.   Parathyroid hormone and cyclic adenosine nucleotides may have a primary role in 

water/sodium absorption in the proximal tubule.   IJarenteral nutrition studies in trauma pa- 
rents demonstrated the efficacy of solutions containing essential amino acids in decreasing 
najor catabolic stress .   Studies have shown that lymphocytes from uremic patients demon- 
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Project   3A161102B71R  RESEARCH IN BIOMED1CAL SCIENCES 

Task 02   Internal Medicine 

Work Unit 089  Pathogenesis of renal diseases of military importance 

Investigators. 
Principal: 
Associates: 

LTC William A. Briggs, MC 
Walter Flamenbaum, MD; John A. Gagnon; MAJ Robert J. 
Hamburger, MC; Martha Huddleston; MAJ Jack G. 
Kleinman; Natalie L. Lawson; MAJ David Lowenthal, MC; 
James S. McNeil; William Price; Kathy Rice; MAJ John H. 
Schwartz, MC; MAJ Siegmund Teichman, MC; Loutishia 
Templeman; and MAJ Max L. Webel, MC 

Description:   Studies are directed at investigations of mechanisms for main- 
taining body fluid, electrolyte and hemodynamic homeostasis or their cor- 
rection in response to disease, injury and environmental stress of military 
significance such as acute or chronic renal failure, shock, heat stress, in- 
fectious disease and gastrointestinal disorders.   The role of adaptive home- 
ostatic mechanisms, including renal and extrarenal mechanisms, whereby 
body fluid and solute balance is achieved and maintained in the face of 
stress has been emphasized in order to provide a rational basis for the de- 
velopment of improved methods for prevention and treatment of altered 
fluid, electrolyte and hemodynamic states and acute and chronic renal fail- 
ure induced by these stresses. 

Progress: 

1.   Acute Renal Failure: 

a.   Based on previous work from this laboratory, a postulated sequence 
of events for the pathophysiology of the initiation of acute renal failure has 
been developed.   In brief, the initiating event whether it be a nephrotoxin , 
circulatory failure or cryptogenic results in tubular damage and dysfunc- 
tion.   At its earliest stages, prior to the manifestations of total cell necro- 
sis , this tubular epithelial dysfunction results in the altered handling of 
sodium chloride and fluid along the entire length of the nephron, most im- 
portantly in the proximal convoluted tubule and loop of Henle.   This ab- 
normality in fluid and electrolyte transport results in an increased load of 
sodium chloride to the macula densa which, in turn, stimulates the release 
of renin from its storage sites in the juxtaglomerular apparatus.   As a con- 
sequence of increased renin release there is a primary effect of the local 
generation of angiotensin on the local nephron level, as well as an 
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u "overflow" phenomenon resulting in elevations of plasrra renin activities. 
This latter manifestation of increased renin release, increased plasma renin 
activity, appears to bear little relation to the actual pathophysiologic de- 
velopment of acute renal failure.   Rather, the most important event related 
to the renin-angiotensin system activity is the generation of angiotensin at 
intrarenal sites which results in alterations in glomerular arteriolar resist- 
ance such that the following pattern of events ensues:   decreased total 
renal blood flow, in association with a redistribution of intrarenal blood 
flow, characterized by marked cortical, preferential outer cortical is- 
chemia;  alterations in glomerular dynamics such that the net effective ultra- 
filtration pressure in glomeruli is diminished resulting in a net decrease in 
total kidney effective filtration pressure.   These alterations in glomerular 
dynamics and renal hemodynamics result in the pattern of oliguria and azo- 
temia characteristic of acute renal failure.   It has also become evident that 
these hemodynamic and glomerular dynamic alterations may, in turn, in a 
self-perpetuating mannei , result in further and/or additional alterations in 
nephron function to continue these pathophysiological phenomena.   The ob- 
ject of the following study was to characterize the alterations in tubule epi- 
thelial function which resulted in the observed marked changes in electro- 
lyte and water handling characteristic of acute renal failure.   A renal micro- 
puncture study of rats performed 6 hours (early) and 48 hours (late) after 
the administration of uranyl nitrate, a model known to produce acute renal 
failure, was performed in order to evaluate tabule epithelial function.   Early 
after uranyl nitrate induced acute renal failure no abnormalities in absolute 
or fractional fluid absorption were observed in the proximal tubule, indicat- 
ing maintenance of glomerular tubular balance.   In contrast, absolute fluid 
absorption measured at sites between the proximal and distal tubule was 
significantly depressed, consistent with the demonstration of histopathologi- 
cal abnormalities in this segment of the nephron early in acute renal failure. 
Later in the course of uranyl nitrate induced acute renal failure, marked 
alterations in absolute and fractional water reabsorption by both the proxi- 
mal and distal nephron segments were observed, consistent with progres- 
sion of the lesion as a function of time.   In order to further characterize the 
alterations in sodium, chloride and water movement in response to this 
known nephrotoxin, additional studies were performed using an isolated 
uro-epithelial membrane.   The application of 5 mg% of uranyl nitrate to the 
mucosal surface of this isolated uro-epithelial surface resulted in a prompt 
and marked decrease in short-circuited current, active sodium and chloride 
transport.   The lack of change in passive transport of sodium and chloride 
suggests that these alterations in active sodium and chloride transport oc- 
curred without loss of membrane integrity.   In contrast, application of 
uranyl nitrate to the anti-luminal surface of this uro-epithelial membrane 
did not alter active or passive transport, consistent with the observation 
that it is filtered uranyl nitrate which results in renal abnormalities. 
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b.   To further characterize the effect of alterations in active electrolyte 
transport and water absorption as stimuli for activation of the renin-angio- 
tensin system an assay for the renin activity of single juxtaglomerular ap- 
paratuses was developed, in conjunction with Dr. Klaus Thurau, Physiology 
Institute, Munich, Germany .   To this end, techniques for the identification 
of single superficial and deep juxtaglomerular apparatuses in situ using 
silicone rubber vascular injections were developed.   The interaction of rat 
renin released from single juxtaglomerular apparatuses and the partial puri- 
fication of sheep renin substrate was accomplished, revealing first order 
kinetics and non-substrate dependency of the renin substrate interaction. 
The angiotensin generated from the incubation of single juxtaglomerular ap- 
paratuses with substrate was assayed using a rat pressor bioassay for 
angiotensin II and confirmed using a radioimmunoassay for generated 
Piigiotensin I.   In normal rats, injecting silicone rubber through the abdom- 
inal aorta, it was observed that renin activity in superficial nephron seg- 
ments was 2i times greater than that observed in deep nephron segments. 
The responsitivity of renin activity and its distribution was evaluated using 
carotid manipulation, extremes of sodium chloride intake, and during the 
early phases of uranyl nitrate induced acute renal failure.   Acute carotid 
obstruction resulted in a marked increase in deep juxtaglomerular appara- 
tus renin activity and eradication of the normal superficial to deep intra- 
cortical renin gradient.   This effect was ascribed to stimulaticn of renal 
nerve sympathetic fibers and alterations in intrarenal renin synthesis.   A 
high sodium chloride diet for a period of 2 weeks obliterated the intracorti- 
cal renin gradient in juxtaglomerular apparatuses as a result of a more 
marked diminution in superficial juxtaglomerular apparatus activity as com- 
pared to that of deep activity.   In contrast, a low sodium chloride diet re- 
sulted in more marked increases in deep juxtaglomerular apparatus renin 
activity than in superficial activity, although the gradient of intracortical 
renin activity tended to be maintained.   Most importantly, increases in both 
superficial and deep juxtaglomerular renin activity were observed within 
2 hours of the injection of uranyl nitrate, consistent with a primary and 
early role for activation of the renin-angiotensin system in the initial patho- 
physiology of acute renal failure.   In order to interrelate the alterations in 
sodium and chloride transport by tubule epithelium and activation of the 
renin-angiotensin system additional in vivo, fusion studies as well as 
measurements of distal sodium and chloride concentrations in acute renal 
failure will be required.   The exact mechanism of activation of the renin- 
angiotensin system during uranyl nitrate induced acute renal failure is not 
apparent from these studies and requires further delineation.   In view of 
the important role which the renin-angiotensin system plays in the patho- 
genesis of acute renal failure, studies were designed to evaluate any altera- 
tions in the renin-angiotensin system that could modify the course of acute 
renal failure. 
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It is known that angiotensiu I is not a potent renal vasoconstrictor and, 
therefore, it is presumed that the intrarenal conversion of angiotensin I to 
angiotensin II may significantly alter the renal hemodynamic abnormalities 
of acute renal failure.   A nonapeptide inhibitor of angiotensin converting 
enzyme was evaluated in normal dogs.   Although the intrarenal infusion of 
converting enzyme inhibitor abolished the pressor effect of angiotensin I, 
administered systemically, no significant alterations in glomerular filtration 
rate or renal hemodynamics were observed.   To further evaluate the ability 
of infused converting the enzyme inhibitor to modify the renin-angiotensin 
system activity, additional studies were designed to examine r he renin- 
angiotensin system's role in the autoregulatory ability of the kidney.   The 
administration of angiotensin converting inhibitor neither extended nor 
diminished the ability of the kidney to maintain glomerular filtration rate in 
the face of marked diminutions in renal perfusion pressure analogous to that 
observed in acute renal failure.   The lack of an effect of a converting enzyme 
inhibitor to alter these renal hemodynamic functions may be related to the 
inability to present required concentrations of the inhibitor at intrarenal 
sites of renin release and activation or, alternatively, may not be consistent 
with the roles of the renin-angiotensin system in the hemodynamic regula- 
tion of this phenomenon. 

c.   Hyperkalemia is a characteristic manifestation which appears in the 
clinical course of human acute renal failure.   In view of the known effect of 
potassium concentration on renin activity, studies designed to evaluate the 
mechanism of potassium induced alterations in the renin-angiotensin system 
were performed.   Potassium chloride, 12 mg/kg/min, was infused into a 
single renal artery of anesthetized dogs and plasma renin activity, bilateral 
renin secretory rate, aldosterone excretion, electrolyte excretion, systemic 
blood pressure, renal blood flow, glomerular filtration rate, and intrarenal 
blood flow distribution were studied.   Prompt decreases in plasma renin 
activity and renin secretory rate were observed, greater on the infused 
side than non-infused side, sifter potassium administration.   These altera- 
tions in renin-angiotensin system activity occurred without change in blood 
pressure, glomerular filtration rate, or total renal blood flow suggesting 
that potassium induces alterations in the renin-angiotensin system by an 
intrarenal mechanism.   The observation that the intrarenal distribution of 
blood flow, as estimated by radiomicrosphere distribution, was not altered 
further suggests that potassium does not alter renin activity by inducing 
changes in renal hemodynamics, but, rather by a direct tubular or direct 
juxtaglomerular apparatus effect.   The marked elevations in urinary sodium 
excretion observed after potassium infusion suggest that abnormalities in 
electrolyte transport may have resulted in an increased load of sodium 
chloride to the macula densa which did not stimulate renin activity because 
of a potassium induced inhibition of sodium transport across the macula 
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densa.   Despite the marked diminution in renin secretory rate and plasma 
renin activity, there were marked decreases in aldosterone excretion, sug- 
gesting that under conditions of acute hyperkalemia aldosterone synthesis 
and secretion is more related to potassium levels than the previously pro- 
posed primary role for the renin-angiotensin system.   These studies suggest 
that the hyperkalemia characteristic of acute renal failure may have a dual 
role in the course of acute renal failure:    (1) as a consequence of elevated 
serum potassium concentrations, an absolute decrease or a buffering of in- 
crease in renin-angiotensin system activity would occur which may diminish 
the effect of renin on glomerular renal hemodynamics;   (2) as a consequence 
of a potassium related increase in aldosterone synthesis and secretion, the 
enhanced reabsorption of sodium chloride in the distal segments of the 
nephron would tend to maintain or restore circulating blood volume and thus 
diminish the effect of any hypotension concomitant in the development of 
acute renal failure. 

d.   Characterizations of the renal hemodynamic abnormalities early in 
the course of acute renal failure were obtained as a result of studies per- 
formed during the initial 3 hours of the development of uranyl nitrate in- 
duced acute renal failure in the dog.   The maintenance of systemic blood 
pressure, cardiac rate, and cardiac output indicate that, in the dog, uranyl 
nitrate induces acute renal failure without altering systemic cardiovascular 
parameters.   The prompt fall in renal blood flow observed after the admin- 
istration of uranyl nitrate in association with the prompt increase in plasma 
renin activity and decrease in sodium reabsorption confirms or parallels 
the postulated schema for the pathophysiology of the initiation of acute renal 
failure.   At the end of 3 hours marked abnormalities in total renal blood flow 
as well as in the distribution of renal blood flow were observed.   These were 
characterized by a preferential outer cortical ischemia using radiomicro- 
sphere techniques.   Previous studies of the isolated perfused dog kidney 
performed in these laboratories have demonstrated marked falls in filtration 
fraction consistent with a greater diminution in glomerular filtration rate 
than in renal blood flow.   These abnormalities in glomerular filtration rate 
and total renal blood flow are similar to those observed later in the course 
of acute renal failure.   In addition, the marked fall in urine osmolality in the 
isolated perfused dog kidney and diminutions in electrolyte transport also 
mimic the pathophysiologic findings of acute renal failure.   To evaluate and 
define the mechanisms responsible for these abnormalities in the isolated 
perfused kidney, studies were undertaken to further characterize the alter- 
ations in renal blood flow using radio xenon washout and radiomicro- 
spheres, and to examine the medullary role in urine concentrating ability 
by analyzing tissue solute concentration.   Despite a progressive fall in 
total glomerular filtration rate total renal blood flow was relatively well 
maintained.   Analysis of renal hemodynamics including intrarenal blood 
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u flow distribution demonstrated that this maintenance of renal blood flow was 
at the expense of outer cortical flow.   These alternations in renal hemo- 
dynamics occurred simultaneously with a washout of the normal cortico- 
medullary gradient of osmotic concentration and an increase in medullary 
blood flow suggesting that the alteration of intrarenal hemodynamics was 
responsible for the observed diminution in urinary concentration.   These 
studies further suggest that the marked abnormalities in renal hemodynamics 
characteristic of the maintained or later phases of acute renal failure are 
functional in nature and may not contribute to the continued diminutions in 
the glomerular filtration rate observed. 

e.   Marked abnormalities in calcium and phosphate homeostasis have 
been observed after acute renal failure.   These abnormalities have been 
noted in clinical nephrology to contribute to the morbidity and mortality of 
this syndrome.   In order to characterize and delineate the role of abnormali- 
tios in calcium and phosphate homeostasis in acute renal failure a detailed 
analysis of the effect of parathyroid hormone and the site of phosphate reab- 
sorption was required. 

Utilizing the isolated rabbit proximal tubule, the effect of parathyroid 
hormone on sodium and water absorption was evaluated.   Segments of proxi- 
mal tubules from superficial nephrons of the New Zealand rabbit were iso- 
lated and perfused with an ultrafiltrate of rabbit serum.   Fluid absorption 
was measured by the addition of I-^S-poiyvinyipyj-j-oiiidong to the ultra- 
filtrate in trace amount and the volume collected was measured with a cali- 
brated constant bore pipette, over timed intervals.   The addition of para- 
thyroid hormone to the bathing fluid in those proximal tubule segments with 
an initial attachment to their own glomerulus and defined as early proximal 
convoluted tubules caused a decrease in fluid absorption by approximately 
25%.   In order to determine if there were intrinsic differences along the 
length of the proximal tubule in the capacity to respond to parathyroid 
hormone ihe late proximal convoluted segment defined by its initial attach- 
ment to .he pars recta, and the pairs recta segments were studied.   Addition 
of parathyroid hormone to the bathing fluid did not change net fluid absorp- 
tion in either the late proximal convoluted tubule or the pars recta segments. 
In addition to derronstrating a heterogeneity of response along the nephron 
to parathyroid hormone it was also shown that there was a marked difference 
in baseline fluid absorption between the earlier and later segments.   Mean 
baseline fluid absorption rate in the early proximal convoluted tubules was 
1.41 nl/ml/min whereas the values obtained in the late proximal convoluted 
tubules was 0.63 nl/ml/min a value which was significantly different from 
the rate observed in the early proximal convoluted tubules.   Fluid absorp- 
tion in the pars recta was 0.52 nl/ml/min a rate which was not significantly 
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different from the late proximal convoluted tubule.   Since the effect of para- 
thyroid hormone on fluid absorption in the proximal tubule is thought to be 
mediated by the adenyl cyclase system, other agents which result in in- 
creased cyclic adenosine monophosphate activity should have a similar effect 
on net fluid absorption.   In this regard previous studies have evaluated the 
effect of dibutyryl cyclic adenosine monophosphate on net fluid absorption in 
the proximal convoluted tubule and pars recta.   The addition of 10"-' molar 
dibutyryl cyclic adenosine monophosphate to the bathing media decreased 
net fluid absorption approximately 20% in the proximal convoluted tubule. 
No response to this agent was noted in either the late proximal convoluted 
tubule or the pars recta segments.   Therefore, there seems to be not only an 
intrinsic difference in the capacity of various segments of the proximal 
tubule to absorb fluid but also to respond to parathyroid hormone as well as 
dibutyryl cyclic adenosine monophosphate.   Early segments have a high in- 
trinsic capacity to absorb fluid and respond to parathyroid hormone and 
dibutyryl cyclic adenosine monophosphate whereas late segments of the 
convoluted tubule and pars recta have a relatively low rate of fluid absorp- 
tion and do not respond to these agents.   This functional heterogeneity along 
the length of the proximal tubule might help to explain why certain areas of 
the proximal tubule seem to be more susceptible to various nephrotoxic 
agents.   Additional studies of the histology, and other functional parameters 
of the proximal tubule will be done to evaluate the cause of this nephron 
heterogeneity. 

In order to further evaluate the role of parathyroid hormone in the renal 
handling of calcium and phosphate in normal and pathological situations, 
clearance experiments were performed on intact and acutely thyropara- 
thyroidectomized dogs.   Recent evidence in the literature has demonstrated 
that in acutely thyroparathyroidectomized dogs the phosphaturia that occurs 
normally with volume expansion is severely blunted after acute parathy- 
roidectomy in the dog.   The proposed mechanism of this blunted phospha- 
turia is significant phosphate reabsorption distal to the proximal convoluted 
tubule.   Using the acute parathyroidectomized dog model affords the inves- 
tigator an unique opportunity to evaluate the handling of phosphate in a 
pathological state.   To delineate the site of distal nephron phosphate reab- 
sorption studies were performed utilizing ethacrynic acid, a diuretic which 
is known to be a potent inhibitor of sodium and chloride reabsorption in the 
thick ascending limb of Henle.   If the site of distal phosphate reabsorption 
following acute parathyroidectomy was the thick ascending limb of Henle 
the addition of ethacrynic acid should have caused a marked phosphaturia 
as well as a natriuresis .   Preliminary studies to date indicate that the addi- 
tion of ethacrynic acid to volume expanded or hydropenic, acutely para- 
thyroidectomized dogs does not cause a phosphaturia, indicating that the 
distal site of phosphate reabsorption is probably not the thick ascending 
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limb of Henle or, if it is, the reabsorption is not coupled to sodium or chlo- 
ride reabsorption.   Current studies using this model are being performed to 
evaluate possible sites of phosphate reabsorption in the distal convoluted 
tubule and collecting duct.   These studies may help to explain the cause of 
the hyperphosphatemia seen in acute and chronic renal failure and suggest 
possible therapeutic modalities. 

f.   In the course of acute renal failure marked abnormalities in acid 
basis homeostasis develop.   Characteristically, both during the initiation 
and recovery phases, the kidney loses its ability to reabsorb the filtered 
bicarbonate via the assumed mechanism of hydrogen ion secretion.   The 
mechanism and requirements of hydrogen ion transfer were investigated in 
the isolated turtle urinary bladder to characterize the effects of nephrotoxic 
agents, such as uranyl nitrate, on the capacity of renal epithelia to acidify. 
Hydrogen ion transport by this tissue has been shown to be independent of 
the active transport of sodium and potassium, energy requiring and elec- 
trogenic.   Since the PCO2 of the body is a major determinant of the rate of 
hydrogen ion transport the effects on this tissue induced by changes in the 
PCO2 of the bathing solution were examinee.   Increasing COT from 1 through 
5% caused a prompt linear increase in the transport rate.   When COT was in- 
creased beyond 5% in the bathing solution there was no further increment 
in the rate of acidification.   With the addition of carbonic anhydrase in- 
hibitors at concentrations great enough to reduce the baseline rate of hydro- 
gen ion secretion to the assumed uncatalyzed rate of CO2 hydration in the 
cell (5xlO~^M acetazolamide), the response to CCU addition was such that 
the maximum effect of CO2 occurred at 7-8% CC^.   The magnitude in the rate 
of acidification in the absence and in the presence of 5x10"-' M acetazolamide, 
however, did not differ with 7% CO2 present.   At still higher concentrations 
of acetazolamide, SxlO-'* M, the effect of COT on the rate was severely 
blunted with only a minimal increase in H+ transport.   The maximal rate of 
acid secretion under these conditions was    20% of the control rate.   This 
latter effect of carbonic anhydrase inhibitors is more likely due to some 
primary inhibition of the transport mechanism than simply inhibition of 
carbonic anhydrase since elevation in CO2 should have resulted in an un- 
catalyzed rate that would be more than adequate to support the maximum ob- 
served transport rate.   Furthermore, these studies suggest that the rate of 
hydrogen ion secretion is in part CO2 dependent but cannot be infinitely 
increased with increased PCO2. 

The energetic or metabolic requirements of the hydrogen ion secretory 
mechanism have also been investigated.   At low rates of hydrogen ion trans- 
port de-oxygenation with nitrogen, addition of potassium cyanide or the ad- 
dition of Ein uncoupler of oxidative phosphorylation such as dinitrophenol 
or salicylate have little or no effect on the transport rate.   However, at 
maximum rates of hydrogen ion secretion in the presence of 5% or greater 
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CO, all of these maneuvers significan*ly inhibit the transport process sug- 
gesting that at high rates of transport aerobic metabolism is also required. 
After depletion of the tissue of substrate by incubating it for 20-24 hours in 
substrate free media addition of short chain fatty acids markedly enhance the 
rate of hydrogen ion transport whereas glucose does not.   Similarly, in 
bladders inhibited with 2-deoxyglucose addition of exogenous short chain 
fatty acids reverses the inhibition of 2-deoxyglucose.   This suggests that 
short chain iatty acids are the primary substrate for the transport mechanism 
rather than carbohydrate.   Similar substrate requirements have been 
described for cortical collecting duct for which this tissue is a reasonable 
analogue. 

With the addition of uranyl nitrate to the mucosal solution baseline 
hydrogen ion secretion was not appreciably changed.   Addition of CO2 
caused a stimulation in the rate similar to that which occurred without 
uranyl nitrate present.   However, if the rate of hydrogen ion transport was 
measured under conditions where there was a pH gradient of 2 or more pH 
units, uranyl nitrate produced a marked inhibition which was not responsive 
to CO2 addition.   This inhibition of uranyl nitrate under gradient conditions 
suggests that the passive conductance of the tissue to proton is markedly 
increased by the uranium salt.   Other nephrotoxic agents such as amphotere- 
cin B and organic mercurials produced a similar defect in the capacity of the 
tissue to produce hydrogen ion gradients without affecting the transport 
rate in the absence of hydrogen ion gradients.   This effect of uranyl nitrate 
on hydrogen ion transport is in contrast to its effect on sodium and chloride 
transport which was presented in an earlier section.   For sodium, uranyl 
nitrate only inhibited the active component of transport without affecting the 
passive conductance for this cation or its accompanying anion chloride. 

2.   Chronic Renal Disease and Transplantation 

a.   Drug metabolism in chronic renal disease: 

Patients with both acute and chronic renal failure, especially those 
undergoing hemodialysis treatment, frequently require modification of 
dosage of various therapeutic agents.   Because of the difficulty in doing 
pbarmokinetic studies in clinically ill and unstable acute renal failure 
patients, studies have been undertaken in patients with chronic renal 
failure.     After establishing extraction and assay procedures for procain- 
amide by both spectrophotometry and spectrophotofluorometry, pbarmo- 
kinetic studies were done in patients and both in vitro and in vivo clearance 
studies were done using the artificial kidney.   In chronic renal insufficiency 
the absorption of procainamide appears normal, while equilibration through 
volume of distribution may be prolonged and elimination rate is seriously 
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u impaired, with serum half-life prolongation to approximately three times 
normal.   The drug is dialyzahle, with in vivo clearances of 67+4 cc/min. 
In collaboration with Temple University School of Medicine, quinidine 
elimination was also studied in patients with chronic renal failure.   In con- 
trast to procainamide, quinidine elimination in patients was not found to be 
impaired when compared to controls, using a double extraction technique 
and spectrophotofluorometry for measurements of plasma concentration. 
Propanolol, a beta adrenergic antagonist, is being used with increased fre- 
quency as an adjunctive agent in the therapy of hypertension in selected 
patients with chronic renal disease or hypertensives with elevated circulat- 
ing plasma renin activities.   Extraction techniques and a spectrophotofluoro- 
metric assay were established to study the pharmokinetics of propanolol in 
patients with abnormal renal function and to assess its clearance by hemo- 
dialysis.   The studies have demonstrated normal absorption but suggest 
an impaired "first pass effect," whereby a greater fraction of absorbed drug 
is available to the systemic circulation, implying decreased hepatic extrac- 
tion from portal circulation.   Elimination rates in these patients, however, 
were not found to be impaired, correlating well with the clinical observation 
that they tolerated large total daily doses of propanolol without undue tox- 
icity.   Propanolol was found to be dialyzable both in vitro and in vivo, an 
unexpected observation suggesting that protein binding of the drug may be 
impaired in uremic patients.   Since other investigators have suggested that 
the kidneys are largely responsible for the metabolism of salicylic acid to 
salicyluric acid, studies were undertaken in collaboration with the State 
University of New York at Buffalo to assess salicylate elimination in patients 
with end-stage renal failure.   Patients with renal failure and patients after 
nephrectomy demonstrated normal salicylate elimination rates and normal 
formation rates of salicyluric acid.   These observations suggest normal 
salicylate metabolism at the doses given.   Current investigations include 
assessment of acetominophen and diazepam metabolism in renal failure 
patients, and investigations of the integrity of acetylation mechanisms for 
a variety of drugs in these patients. 

b.   Nutritional support: 

Patients with both acute and chronic renal failure undergo varying de- 
grees of    .tabolic stress with eel] alar starvation and negative nitrogen bal- 
ance.   P.     ious studies have demonstrated the need for at least 1.25 gm 
protein/k     >ody weight in the diet of clinically stable dialysis patients to 
maintain nij-ogen balance.   With additional stress and inadequate oral intake, 
for example, following major surgery, patients enter a period of marked 
negative nitrogen balance which may impair healing and prolong recovery. 
Studies utilizing parenteral nutrition have demonstrated the superior effec- 
tiveness of solutions with essential amino acids in addition to high dextrose» 
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concentrations in blunting the catabolic stress of surgical, and presumably 
other forms of trauma.   Investigations of the effectiveness of this treatment 
are being extended to patients with acute renal failure, and the usefulness of 
essential amino acid supplements in renal patients with failure to thrive 
syndromes are being evaluated. 

c. Cellular immunity: 

Early studies of cellular immunity in uremic patients suggested marked 
impairment and, therefore, perhaps increased susceptibility to infections. 
It is known that infection accounts for most of the mortality seen in acute 
renal failure patients.   In addition, test? utilized for selection of donors for 
renal transplantation depend on lymphocyte responsiveness for their in- 
terpretation.   It is important, therefore, to reassess the responsiveness of 
lymphocytes from renal failure patients under the circumstances of modern 
management and improved laboratory techniques.   An assay technique was 
established whereby small number.* of lymphocytes could be culture^ xU 
small volumes and responsiveness to plant mitogens and histocompatibility 
antigens (on homologous lymphocytes) evaluated.   The kinetics of lympho- 
cyte responsiveness from renal failure patients within this system were com- 
pared to those of normal lymphocytes and optimal conditions (cell counts, 
mitogen concentration, etc.) were determined for identifying differences be- 
tween groups.   Studies have demonstrated that the vast majority of patients, 
managed so that clinical uremia is avoided, have lymphocyte responsiveness 
equal to that seen with normal controls •   Thus, pre-transplant evaluation 
studies dependent on lymphocyte responsiveness (i.e. mixed lymphocyte 
cultures) can be interpreted with confidence in most patients. 

d. Hemoperfusion: 

There are endogenous and exogenous intoxications in which the respon- 
sible substances are not amendable to rapid elimination by either conserva- 
tive medical treatment or renal dialysis techniques.   Removal of these sub- 
stances from the circulation can be achieved, however, by absorption to 
macro-reticular polystyrene resin with affinity for high molecular weight 
lipid soluble compounds.   Biochemically thyrotoxic dogs were treated by 
hemoperfusion.   Large amounts of T. were taken up by the resin and serum 
T4 levels were decreased using hemoperfusion.   This treatment will be 
evaluated in the management of patients with thyroid storm.   Hemoperfusion 
will be evaluated for its efficacy in removing non-dialyzable in in vitro 
systems in experimental animals and in patients with life threatening intoxi- 
cations . 
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23. (U)    Health impairment associated with the mission of the military is due to stress 
Inflicted by the energy of weapons or exposure to adverse environments and pathogenic 
microorganisms.    Survival is insured through increased  function of the appropriate phy- 
siological systems,   the elementary working units of which are specialized cells.    The 
demand  for increased  function is met by activation of reserve cells and,   depending on 
the intensity and duration of the stress,  by increase of the cell population, i.e. 
adaptive growth which has far greater sur/lval value and is the object of this study. 
24. (U)    The mechanisms  controlling adaptive  growth are  studied by means of model cell 
culture systems with well defined phases of growth and differentiated function. 
25. (U)     73 07 - 74 06    The essential sequence of adaptive growth,   i.e.  activation of 
DNA replication and mitosis with a concurrent decline of specialized  function and  the 
reversal of  these  changes upon restoration of  the original cell population density was 
successfully  reproduced in suspension cultures  of  fib rob last <■  cells.    Transitions be- 
tween the  growth and  functional phases of  these cultures i'c -'■ associated with marked 
changes  of  the  respiratory activity of the cells.    To investlbSte  the relevance of  these 
findings  to cultured cells attached on solid surfaces,   approximating tissue cells in the 
body,   the oxygen mlcroenvironment of mor.o- and multilayer cultures was mapped by means 
of ultramicrocathodes.     It was  found  that  a)  media p02  declined with depth at a rate 
proportional to cell density, b) at any given depth level p02 was not constant but os- 
cillated between a set of maximum and minimum p02  values,   c)  oscillations exhibited den- 
sity dependent amplitude and were abolished by  respiratory inhibitors, with media p02 
equilibrating with  atmospheric oxygen.    This is  the  first  demonstration ci rythmic  re- 
spiratory activity in mammalian cells;  its significance   for the conurol of adaptive 
growth  Is  under Investigation.     For  technical  reports see Walter Reed Aru,   Institute of 

.rti.M... cw«!«. — ~Mfc.i~-. .f..«!        Research Annual Progress  Report  1 Jul  73 -  30 June  74. 
r\r\   rOMII    1 AQfl PnCVIOUi  KDITIONt OF   THI«  FORM  ARE  OBtOLCTE.    DO  FONMi  I4MA.   I   NOV  «I 
L/Wl WANM'^^V AND   I4tt-I.   I   MAM tt   IFOR   ARMY   UIE)   ARE  OBiOLETE 
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Project 3A161102B71K KESEARCH IN BIOMEDICAL SCIENCES 

Task 02 Internal Medicine 

Work Unit 090 Cellular Mechanisms of Disease 

Investigators. 
Principal: Andre D. Glinos, M.D. 
Associate: Robert J. Werrlein, M.S.; James M. Vail, Ph.D 

Description 

Health impairment associated with the mission of the military is due 
to stress and injury inflicted by the energy of weapons or exposure 
to adverse environments and pathogenic microorganisms. Survival is 
insured through the heightened functional activity of the appropriate 
physiological systems the elementary working units of which are special- 
ized cells. The demand for increased function is met by activation of 
reserve resting cells and, depending on the Intensity and duration of 
the stress, by increase of the cell population, i.e. adaptive growth. 
As the restoration of the soldier's health and  combat capability depends 
on these processes, it is the objective of this study to uncover the 
underlying mechanisms and to develop means for increasing their effec- 
tiveness . 

Progress and Results 

The problem of the mechanisms controlling adaptive growth can be 
stated in the form of the following two questions: 1) What is the 
nature of the changes in the cellular environment which following 
injury first induce cells to proliferate and later limit cell divi- 
sion to the maintenance of a functionally active cell population? 2) 
What is the nature of intracellular molecular interactions which occur 
in response to these extracellular changes and result in the early 
phase of DNA replication and general protein synthesis followed later 
by a marked reduction of these activities while specialized cellular 
functions Increase? 

In the past, a great number of clinical and experimental studies have 
failed to provide satisfactory answers to these two questions because 
of the great complexities of the clinical situation in man and of the 
experimental conditions in the whole animal.  Even the discovery that 
dense cultures of fibroblasts attached on glass or plastic surfaces 
respond to injury and cell loss by activation of DNA synthesis and 
cell division which terminates when the initial cell density is 
restored, i.e. adaptive growth, has failed to provide the desired 
answers. This is due to the fact that in attached cultures, it is 
impossible to distinguish between physical growth regulatory mecha- 
nisms necessitating cell-to-cell contact and humoral regulation 
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operating through decreased uptake of substances essential for growth, 
by dense cultures. 

We resolved this difficulty by using suspension cultures of L-929 
flbroblasts where cell-to-cell contact is minimal. We have previously 
shown1 that maintenance of these cultures by dally media renewal with- 
out cell dilution results In population densities in excess of 6 X 106 

cells/ml which are viable for extended periods and manifest the fol- 
lowing characteristics: 1) mitosis and DNA synthesis are inhibited 
approximately 90 - 90% with the majority of cells either arrested or 
greatly retarded In the GQ or early G^ phase of the cell cycle2; 2) 
total protein synthesis is markedly depressed, while the fraction of 
protein synthesis represented by collagen is increased3; 3) respira- 
tion is decreased from 5.4 to 1.8 fmoles O2 cell/mln. with reoxygena- 
tion and nutrient implementation of the media capable of reversing only 
half of this decline the other half obviously being due to an adaptive 
change of the cells (1) and 4) cell loss is followed by a 24-hour 
latent period during which respiration, protein synthesis, DNA repli- 
cation and cell division are activated and continue until the initial 
population density is restored (2). 

The essential sequence of adaptive growth, represented by characteris- 
tics li 2 and 4 which the suspension culture model shares with attached 
tissue cells in the body or in solid surface cultures, was thus found 
to be associated with significant changes of the respiratory activity 
of the cells (characteristic #3).  To investigate the relevance of 
this association to attached cells, platinum microcathodes were con- 
structed and utilized to map the oxygen microenvlronment of attached 
cultures of WRL-10A mouse fibroblasts. 

The cells were grown attached to the floor of optically flat petrl 
dishes with a supporting medium of MEM supplemented with 20% horse 
serum, antibiotics and glutamir«. The experimental dishes were placed 
on the stage of an Inverted microscope inside an environmentally con- 
trolled chamber, and were maintained at a constant temperature of 350C 
in a humidified atmosphere of 5% CO2 and air. A Pt/Ir oxygen micro- 
cathode with a tip diameter ranging from 1-3 p capable of resolving 
oxygen tension within a sphere 6-20 p in diameter was secured in a 
microminlpulator clamp placed in the center of the objective field 
so that the vertical descent of the fragile cathode could be observed 
microscopically}and positioned at desired depth levels until the 
establishment of contact with the attached call sheet. An Ag/Agcl 
reference anode was placed in a saline well adjacent to the culture 
dish and was joined to the culture dish by an agar bridge. All experi- 
ments were started with the cathode just under the fluid air interface 
ot the medium.  The cathode was then lowered at measured intervals 
thiough the medium toward the attached cell layer and the oxygen par- 
tial pressure determined polarographically at selected depth levels. 
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Pilot experiments conducted In this fashion revealed the existence 
of p02 gradients within relatively short distances of the attached 
cell layer, but, In addition to the gradients, high density cul- 
tures exhibited regular and reproducible oscillations between low and 
high p02 readings.  To explore further the significance of this 
unexpected finding a series of cultures with a population of approxi- 
mately 10' cells/plate was set up and the electrode lowered Into their 
media In discrete steps 500 p apart. The current obtained at each 
depth level was recorded for a period of 30 minutes. A composite of 
the tracings thus obtained Is shown In Fig. 1.  It may be seen that 
the oscillations of environmental p02 at 500 p are very shallow; at 
1000 and 1500 y there appears to be a mixture of larg? and small 
oscillations and at the level of the cell layer the oscillations appear 
almost uniformly large.  It may also be seen that at progressively 
greater depth levels the oscillations range around progressively 
lower median p02 values.  For example, at the 500 \i  level the oscilla- 
tions occur between 140 and 160 mmHg with a median p02 of approximately 
150 mmHg, while at the cell level, the oscillations occur between 23 
and 80 imiHg with a median p02 30 mmHg. 

To determine whether these oscillations are related to the respiratory 
activity of the cells, rotenone, a known respiratory Inhibitor which 
blocks electron transfer from NAD to cytochrome b, was prepared at a 
concentration of lO'^M In ET0H. After recording the PO2 csclllations 
at the cell layer for 30 minutes, 50 X of the rotenone solution was 
added to the culture dish. This resulted in immediate cessation of 
the oscillations, followed by 9 minutes of maintained low PO2, a last 
oscillatory rise and fall of the local O2 tension and then a steady in- 
crease In the p02 bringing the microenvironmental oxygen tension back 
into sustained equilibrum with atmospheric oxygen at 160 mnHg p02. 

Having thus conclusively demonstrated that the oscillations are in 
effect an expression of the respiratory activity of the cell popula- 
tion with O2 depletion due to respiration and O2 replacement due 
to diffusion, we proceeded to Investigate the effect of population 
density on p02 gradients and on oscillation amplitude. 

Accordingly, replicate cultures seeded with 7.0 X 10^ cells per petrl 
plate were grown with dally medium renewal and were polarographically 
analyzed at cell densities of approximately 5, 10 and 16 million cells/ 
plate, i.e. at populttions approximating 1, 2 and 3 monolayer equiva- 
lents, respectively.  Instead of the oscillation median it was decided 
to use minimum oxygen tension values as more representative of the 
maximum respiratory activity of the cells and Fig. 2 shows the values 
thus obtained plotted as a function of medium depth. It may be seen 
that from the surface to a depth of 2000 p,  all three cell densities 
show oxygen tensions which are relatively high and nearly in equili- 
brium with the air of the environmental chamber.  From 2000 y down 
toward the cell layer, however, the oxygen tension decreases sharply as 
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u a function of cell density, with the negative slope of the 5 X 10 
cell population being the least steep and the slope of the 16 X 10° 
cell population being steepest, Tbe recorded mean mlnlTnum p02 values 
at tfie cell level, I.e. In the Immediate cellular mlcroenvironment, 
appear to be directly proportional to the cell density, xrlth the value 
for the 6  million cell population reaching approximately 100 mmHg, the 
10 X 106 cell population about 60 mnHg, and the 16 X 106 cell popula- 
tion about 19 mmHg. 

The relationship between mlcroenvlronmental oxygen and the respiratory 
activity of the cells was further investigated by comparing p02 oscil- 
lation amplitude in cultures of different cell densities.  Figure 3 
shows that as in the case of mlcroenvlronmental p02 gradients, the 
mean oscillation amplitude is a function of medium depth and popula- 
tion density.  This together with sensitivity to inhibitors (Fig. 1) 
indicates that the oscillations of mlcroenvlronmental p02 observed in 
these experiments are a direct reflection of the respiratory activity 
of the cells. 

Accordingly, these results are interpreted to indicate that, under the 
conditions used, mammalian cell respiration was not a continuous but 
a rythmic process.  In addition, the results suggest that the entire 
cell population, or, at least very large portions of it must respire 
in synchromy.  This is so, because environmental pC^ oscillations due 
to individual cells respiring rythmically but out or phase would tend 
to cancel each other out. 

Since these oscillations reflect partial mlcroenvlronmental oxygen 
dfiletion and renewal occurring at minimum pC^ values above 15 mmHg, 
i.e. significantly greater than the critical pOo tension, they cannot 
be ascribed to mere periodic fluctuation of oxygen availability. Con- 
sequently, it must be postulated that cellular respiration in these 
cultures is controlled by environmental feedback^ involving essential 
media components other than oxygen which alternately turns some key 
respiratory process on and off in a large number of cells. Such an 
oscillating system might involve the balance between AMP, ADP and ATP 
or a fluctuation of some oxidizable substrate pool such as NADH, or 
a matrix of interdependent variables such as p02. glucose, Na , KT, 
NADH, and ATP/ADP ratios working in concert to control cellular respira- 
tion.  Projected work plans aim at identification of the oscillating 
environmental feedback system and the assessment of its significance 
for the control of the production of cellular energy and its utiliza- 
tion in adaptive growth. 
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Summary and Conclusions 

The essential sequence of adaptive growth, I.e. activation of DNA repli- 
cation and mitosis with a concurrent decline of jpeclallzed function 
and the reversal of these changes upon restoration of the original cell 
population density was successfully reproduced In suspension cultures of 
flbroblastlc cells. Transitions between the growth and functional 
phases of these cultures were associated with marked changes of the 
respiratory activity of the cells. To investigate the relevance of 
these findings to cultured cells attached on solid surfaces, approxi- 
mating tissue cells in the body, the oxygen microenvlronment of mono- 
and multilayer cultures was mapped by means of ultramlcrocathodes.  It 
was found that a) media pCh declined with depth at a rate proportional 
to cell density, b) at any given depth level p02 was not constant but 
oscillated between a set of maximum and minimum pC^ values, c) oscilla- 
tions exhibited denrLty dependent amplitude and were abolished by 
respiratory inhibitors, with media pC^ equilibrating with atmoupheric 
oxygen.  This is the first demonstration of rythmic respiratory activ- 
ity in mammalian cells; its significance for the control of adaptive 
growth is under investigation. 
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Fig. 2 Medium pC^ gradients 
In cultures with varying 
cell densities. Depth level 
Indicates distance from the 
fluid air Interphase. 

Fig. 3 Amplitude of pO, 
oscillations as a function of 
medium depth level In cul- 
tures with varying cell den- 
sities. 
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In cultures with varying 
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Indicates distance from the 
fluid air Interphase. 
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23 (U) Experimental analysis and development of complex behavioral models isolating 
variables likely to contribute to psychiatric decompensation or disease and subsequent 
ineffective performance in military environaents. Functional relationships among 
physiological and behavioral variables gin'eming the individual-environment interaction 
are defined and manipulated under controlled conditions to permit more precise speci- 
fication of their role in the pathogeneb•s of behavioral and organic disorders. 

24 (U) Techniques of experimental psychology, principally operant and respondent 
conditioning, combined with those of endocrinology, pharmacology, physiology and 
anatomical sciences are used to define variables that maintain and control both 
adaptive and dysfunctional behavior. 

25 (U) 73 07 - 74 06 A study was initiated to determine the quantitative and qualita- 
tive features of stress which would be preferentially miminized by an organism given an 
spportunity to control its environment. A study of plasma cortisol levels and behavioral 
irousal suggests that cortisol levels iray be of limited value as an index of stress. 
Modification of morphine self-administration can be effected by serotonin-depleting pre- 
treatment but not by catecholaminergic or cholinergic mechanisms. Conditioned aversion 
techniques have been used to identify what may be morphine abstinence signs in the rat 
nore than four weeks following their last exposure to the drug. For technical reports 
see Walter Reed Army Institute of Research Annual Progress Report, 1 Jul 73-30 Jun 74. 
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Proiect 3A161102B71R RESEARCH IN BIOMEDICAL SCIENCES 

Task 03  Psychiatry 

Work Unit 025 Analysis and management of behavior and stress 
in military environments 

Investigators. 
Principal: CPT Frank J. Sodetz, MSC 
Associate- MAJ Benjamin H. Natelson, MC; CPT Steven R. Hursh, 

MSC; CPT, Frederick J. Manning, MSC; CPT George R, 
Sessions, MSC, James C. Bonbright, M.S.; Mary Carol 

Description. 

Sessions, MSC, James C. Bonbright, M.S.; Ms 
P. Boren, Ph.D.; Timothy F. Elsmore, Ph.D. 

During the reporting period, research directed specifically 
at the problem of drug abuse and psychosomatic disease, was subsumed 
under separate work units (see 102 and 315). Research managed 
within this work unit can be classified into two broad categories: 
(1) Experimental analysis of the individual-environment interaction 
as it relates to the maintenance and control of behavior; and 
(2) Experimental analysis of drug behavior relationships. It 
should be emphasized that this categorization is principally for 
purposes of organizing this report. The study of drug-behavior 
relationships is a specialized approach to the more general problem 
of the experimental analysis of the maintenance and control 
of behavior. 

EXPERIMENTAL ANALYSIS OF THE  INDIVIDUAL-ENVIRONMENT  INTfRACTION AS  IT 
RELATES TO THE MAINTENANCE AND CONTROL OF BEHAVIOR. 

The studies in this section are directed at description of functional 
relationships between environmental variables and the behavior 
and physiology of the organism.    Their purpose is:     (1)    To 
develop, analyze and apply complex behavioral models which permit 
examination    of the interaction of the organism with its environment 
under conditions likely to  lead to psychiatric decompensation; 
(2)    To specify general principles governing the maintenance 
and control of behavior;   (3)    To develop and maintain the technology 
required to objectively address questions of a behavioral nature 
arising from problems in military medicine and bearing on the 
health of the individual soldier. 

Patterns of Hormone Secretion and Behavioral Stress.    A series 
of experiments concerned with the pattern of hormonal secretion 
in the resting state and during the acquisition and performance 
of Sidman avoidance has been completed.    After femoral vein cathe- 
terization and at loast one month in the primate chair, plasma 
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samples were taken and monkey behavioral display scored by a motor 
activity scale every 20 min for a 6 hour experimental session. 
Similar to man, growth hormone was secreted episodically, i.e., 
plasma levels were at undetectable levels and then soared to spike- 
like peaks ove/ 40 min. In contrast, plasma cortisol showed a 
sine wavelike oscillation that was different from the more striking 
fluctuating levels previously noted in man. In order to be sure 
that these oscillations about a mean represented secretory bursts, 
two experiments were performed in which radioactively tagged 
cortiscl was injected; the specific activity of this label, an 
index of secretion of new cortisol, was then followed over time. 
In these experiments, it was learned that these oscillatory 
fluctuations represented true secretory episodes; either the gland 
secreted at varying rates, responsible either for relatively 
constant or ascending plasma levels, or did not secrete at all, 
responsible for decrementinp plasma levels. A significant number 
(p<0.05) of the growth hormone secretory bursts were associated 
with illumination cf the monkey booths each morning. Furthermore, 
behavioral score was significantly higher (p<0.05) during active 
secretion of growth hormone than during periods of time when 
growth hormone levels were falling or basal. By measuring glucose 
concurrently, it was learned that bursts of GH secretion were 
never related to hypoglycemia, but instead occasionally occurred 
at the same time as small hyperglycemic bursts. Because plasma 
glucose levels also related positively with behavioral score, it 
could be argued that these endocrine changes reflect a central 
excitatory state as evidenced by an animal's own behavioral display. 
No such correlations existed between behavioral arousal and plasma 
cortisol levels. This observation challenges the traditional concept 
that cortisol is a sensitive index of emotional or behavioral arousal 
Analysis of the Sidman avoidance data is just beginning; however, 
there are several heretofore unreported findings. Plasma cortisol 
decreases over repeated Sidman sessions until it reaches either 
baseline or sub-baseline levels. This decrement in the usual 
stress response does not occur merely because animals learn to 
perform the task well and thus avoid delivery of the aversive 
stimulus, electric shock, because decrementing levels were found 
even in animals that performed inefficiently and continued taking 
large numbers of shocks. When monke/s wyre given unavoidable 
shock after 10 days of practice at avoiding shocks, they showed 
significant increases in response rate and in behavioral score 
with no change in plasma cortisol. This finding represents 
another challenge to the concept that cortisol is a sensitive 
visceral index of central arousal. 

The role of reinforcers in choice behavior. Three studies are 
being conducted, addressed to the problem of how an organism distrib- 
utes its behavior between various alternatives which produce differ- 
ent reinforcers. These studies can be described as investigations 
of the principles governing choice behavior. Previous researchers 
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have described all behavior as choice behavior in the sense that 
engaging in one response precludes many other responses and 
represents a choice to do one thing as opposed to another. 
Examination of the factors controlling such choices is fundamental 
to understanding the control of behavior; for example, the choice 
to self-administer drugs as opposed to emitting some other behavior. 
To date, however, nearly all studies of choice have avoided investi- 
gation of competing responses maintained by different reinforcers. 
Most of these early studies were concerned with factors which 
were best studied with behaviors maintained by similar reinforcers. 
As a consequence, little is known about the mechanisms which might 
govern a choice between qualitatively different reinforcers, 
heroin and money for example. Much that is known about choice 
remains tentative until it is extended to comparisons of different 
reinforcers.  It is possible that such comparisons introduce factors 
which have until now been overlooked. The first study is a funda- 
mental comparison of choice between similar and dissimilar rein- 
forcers . The purpose is to discover those characteristics of 
choice which are unique to comparisons of dissimilar reinforcers. 
This can best be described as an attempt to define when two rein- 
forcers are not alike in behavioral terms. The experiment is 
being conducted in primates given a choice between food and water 
obtained during daily 1.5 hr sessions. After stable baseline 
performance has been obtained, a third alternative will be provided 
consisting of food pellets incremented in amount over a period 
of several months. The animals will be able to choose between 
two similar reinforcers, one pellet vs several pellets, and 
two dissimilar reinforcers, several pellets vs water. As the number 
of pellets available is increased, the effect on choice for a 
similar reinforcer and a dissimilar reinforcer will be examined. 

Parameters of safety. It is a well-known fact that avoidance 
of noxious stimulation will maintain performance. Usually the 
reinforcer in these experiments is the postponement of an aversive 
stimulus. If responding does not occur at some minimal frequency, 
the stimulus occurs; if the responding is rapid enough, it does 
not occur. In this setting, the reinforcer is present or not 
present. Yet, outside the laboratory setting, various degrees 
of safety are often available and an organism must often select 
what appears to be the safest alternative. Very little is known 
of the parameters of safety and what factors make one situation 
more safe (or less stressful) than another. These principles 
are of fundamental importance to an understanding of behavior 
under stress. Given several kinds of safety, what alternative 
will be chosen? A project is now underway to fashion a sotting 
in which an animal can be stressed and then given several avoidance 
options. By manipulating the duration, the amount of aversive 
stimulus reduction, and the frequency of availability of safety, 
it is hoped that a systematic theory of avoidance behavior can be 
developed which is as complete as current theories of appetitive 
behavior. 
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Selective frontal cortex ablation and delayed-matching-to-sample per- 
formanceT Monkeys were taught to make a choice response to one 
of two simultaneously presented visual stimuli. Reinforcements 
were delivered only for choice of the stimulus presented briefly 
in a third position 8 seconds previously. Ablation of the cortex 
in and around the principal sulcus produced a very mild, though 
lasting, deficit in such performance: preoperative performance 
90%, postoperative 82%. Ablation of the cortex surrounding 
the inferior convexity of the lobe produced a much more serious 
deficit, reducing performance to chance levels for the full 
1500 trial assessment period. Subsequent studies will attempt 
to relate this striking difference in the effects of two relatively 
small lesions in adjacent frontal cortex to the differing afferents 
and efferents characteristic of these areas. 

Frontal cortex lesions and discrimination of interoceptive cues. 
Recent investigations of cortical function have pointed to increas- 
ingly sharper localization of function. The frontal lobes are 
now viewed as a collection of at least 3 function0My distinct 
areas. Several workers have proposed that the area in and immedi- 
ately surrounding the principal sulcus is crucially involved in 
behaviors guided by interoceptive cues relating to the subject's 
position in space. This notion was tested by training monkeys 
on three tasks differing only in the degree to which interoceptive 
and spatial cues were critical for effective performance: two 
groups learned to make a simple choice response following an 
extended series of lever presses. One choice was reinforced only 
aft^r a series of 64 presses, the other only after 32 presses. 
Response-produced interoceptive stimuli presumably guide this choice. 
For one group the choice responses involved left (64) and right 
(32) buttons (further interoceptive involvement); for the other, 
choices were between red (64) and white (32) buttons. Ablation 
of the dorsolateral frontal cortex surrounding the sulcus 
principalis indicated that while this cortex may well deal with 
interoceptive stimuli, this specialization is probably not limited 
to those interoceptive cues specifically related to position in 
space. Present, work involves assessing the effects of the same 
lesion on a strictly visual discrimination task. Future work may 
well involve assessment of the effects of smaller frontal lesions 
on these tasks. 

Behavioral effects of lesions in ehe dorsomedial thalamus. This 
nucleus is the major source of thalamic afferents to frontal 
cortex, as well as the major thalamic target of frontal efferents. 
Early work, done prior to the recognition of functionally distinct 
areas within frontal cortex, found that at least some of the 
behavioral effects of frontal cortex ablation could be mimicked 
by stereotaxic lesions of the dorsomedial nucleus. Anatomical 
studies have since confirmed that interconnections of orbital 
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frontal cortex and dorsomedial thalamus are restricted to the 
medial   (raagnocellular) portion of the nucleus, while the dorsolateral 
cortex is connected exclusively with the lateral  (parvocellular) 
portions.    The present studies examined the effects of frontal 
cortex lesions and medial and lateral  lesions of the dorsomedial 
nucleus on a task designed to incorporate several features pre- 
viously found diagnostic for orbital cortex damage,    A second 
task, not sensitive to orbital cortical damage,  is included 
to control  for non-specific effects of thalamic damage.    Several 
normal animals have been tested thus far, and the small variance 
among them in performance suggests the tasks should be sensitive 
ones. 

Effects of lesions of the nucleus  locus coeruleus.    The nucleus 
locus coeruleus is a small group of cells situated in the brainstem 
beneath the floor of the fourth ventricle.    It has been demonstrated 
that this group of cells is a major contributor of the neuro- 
transmitter, norepinephrine in the forebrain and that there are 
anatomical connections between this structure and large portions 
of the cortex.    These findings have stimulated a number of research 
efforts aimed at examining the functions of the locus coeruleus 
and its influence on behavior.    Recently,  it has been proposed 
that this area functions as part of a "reinforcement system" 
and that destruction of the area results in defective learning 
capacity.    This conclusion was tested in a series of four experiments 
designed to evaluate the ability of rats with  lesions in the 
locus coeruleus to acquire several different responses.    Experiment 
1 examined the ability of six lesioned rats to  learn to run in 
an L-shaped runway for a food reward.    The lesioned rats showed 
significantly longer latencies to energe from the start box of 
the runway as compared with non-les.oned controls, as well as 
longer latencies to reach the food reward.    Cver 20 days of training, 
the lesioned animals gradually reiuced their running time, but 
at a much slower rate than the controls.    Experiment 2 was designed 
to test the abilities of the lesioned rats tc  acquire another 
appetitively motivated task.    The  lesioned animals showed no 
deficits  in acquiring this response.    Experinent 3 tested the 
ability of the lesioned animals to acquire a conditioned taste 
aversion to saccharin-flavored water,  an avoidance response not 
primarily dependent upon performance.     Both lesioned and control 
rats readily formed an aversion to saccharin solution after they 
were made  ill by injections of a toxic drug,  cyclophosphamide. 
Experiment 4 examined the acquisition of active and passive avoidance 
responses  in a one-way shock avoidance task.    No significant 
differences were observed in the performances of the lesioned 
and non-lesioned controls on either active or passive avoidance 
responding.    At the completion of the experiments all rats were 
sacrificed and biochemical assays were conducted on the cortical 
tissues of all animals.    The results showed that the lesioned 
animals had 30%  less cortical norepinephrine than their controls. 
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confirming the effectiveness of the lesions.    Since the lesioned 
animals showed no performance differences in three out of the 
four tasks examined, it was concluded that locus coeruleus lesions 
do not produce a general impairment of learning ability in rats 
and that the deficits seen in runway performance were due to 
factors specific to that task. 

Limbic system structures and taste aversion learning. Several 
brain areas which are traditionally included in the classification 
of limbic system structures have been implicated as being func- 
tionally important in conditioned aversion learning,  including the 
olfactory bulbs, the amygdala, the hippocampus and the septum. 
Studies investigating the effects of lesions of the hippocampus 
or the septal area in rats on aversion learning have produced some- 
what conflicting results, with some studies finding deficits with 
lesions of these areas and others finding no effects.    The hippo- 
campal and septal areas are closely related anatomically, each 
receiving reciprocal connections from the other via the fornix, a 
thick fiber bundle connecting the two.    Studies are presently under 
way investigating the hypothesis that the integrity of the hippocam- 
pal-septal connections is importantly involved in aversion learning. 

Conditioned aversion technique for assessing effectiveness of 
radioprotective agents. The effectiveness or chemical agents 
in protecting against the effects of ionizing radiation is a matter 
of relevance to military as well as clinical applications.    The 
use of the conditioned aversion technique may provide a simple 
and sensitive method for testing the effectiveness of chemical 
agents in protecting against the toxic side effects that patients 
often encounter during radiotherapy.     In addition, the technique 
provides a sensitive test for toxicity of these drug agents them- 
selves, before their use in human subjects.    Studies are presently 
under way exploring the usefulness of this method.    Preliminary 
results are available from a study investigating the effectiveness 
of S-2-(3-Aminopropylamino) ethylphosphorothioic acid  (WR-2721) 
in protecting against the formation of radiation-induced taste 
aversions.    Rats were injected with 0,  25, or 100 mg/kg of WR- 
2721 after ingesting a 0.1% saccharin solution.    Half of each 
group of rats was then exposed to 50 rads of X-ray, delivered 
at a rate of 2.0 rads/min.    The other half of each drug dose 
group was sham-irradiated.    After three recovery days, the animals 
were given a preference test between saccharin solution and water. 
The results showed that the animals injected with WR-2721 and 
sham-irradiated developed aversions for the saccharin solution, 
suggesting that the effects of the drug itself were toxic and 
resulted in the formation of aversions.    The animals given 25 mg/kg 
of WR-2721 and 50 rads of X-rays developed stronger aversions 
than either the animals given 25 rag/kg of the drug alone or 
radiation alone,  suggesting that there was a cumulative toxic effect 
on both agents at this dose level.    No cumulative effect was seen 
at the higher dose of 100 mg/kg, however, although the animals 
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given this dose of the drug and radiation did develop aversions. 
The level of aversion for this group was not as great as in 
the group which received 100 mg/kg WR-2721 alone,  suggesting 
that the combination of drug and radiation at this  level was 
not as toxic as the drug alone.    This is the only evidence of 
any radioprotective effect seen in this study.    Since both irradi- 
ated groups treated with WR-2721 developed aversions,  it must be 
concluded that the doses used in this study do not protect rats 
against the toxic effects of low-level radiation responsible 
for the formation of conditioned aversions. 

Behavioral contrast. A multiple schedule of reinforcement is 
one in which two or more schedules, or components,  each associated 
with a distinct exteroceptive stimulus, are alternated regularly 
or randomly.     It is often assumed that performance in a given 
component is essentially the same as the performance observed 
when the same schedule is programmed alone.     In fact, the consider- 
able interaction that occurs is easily observed when the schedule 
in one component changes in response to the new contingency, 
but responding in the other,    laltered component often changes 
as well.    Behavioral contrast is the name given to the type of 
interaction where the change in responding in one component is 
in the opposite direction to the change in the other.    Most demon- 
strations of contrast have employed the pigeon,  so it is not 
surprising that recent analyses of the phenomemon have given 
a very important role to a newly discovered peculiarity of the 
pigeon:  stimuli temporally paired with food delivery elicit pecking 
from the pigeon, quite apart from any consequences programmed 
by the experimenter and pecking.    These analyses gain some support 
from the observation that contrast is not as readily demonstrated 
when rats are substituted for pigeons.    Our observations led us to 
conclude that this may well mean only that optimal parameters 
for demonstrating contrast in the pigeon are not optimal parameters 
with the rat.    Preliminary results indicate that reliable production 
of persistent contrast effects with the rat may require the use 
of separate manipulanda for responding during each component 
of the multiple schedule.    A second line of investigation involves 
aversive control of behavior, a situation clearly unrelated to 
the pigeon's apparent innate propensity to peck stimuli paired 
with food delivery.    Rats were trained to press a lever to avoid 
electric shocks delivered every 12 seconds.    Each  lever press 
postponed the next shock for 20 seconds.     When responding stabilized 
on a multiple schedule involving 2 components with identical 
shock-shock and response shock intervals,  extinction was programmed 
for one component.    Since there is some debate over what constitutes 
extinction of avoidance responding, two different procedures 
are in use:     In one, no shocks are delivered in one component; 
in the other,  shocks are delivered every 12 seconds irrespective 
of the rat's behavior.     Preliminary data indicate that only the 
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latter procedure results in an elevation of response rate in 
the unaltered component.    These results have implications both 
for understanding the interactions among components of multiple 
schedules, and also for the controversy surrounding the 
definition of extinction of avoidance. 

Circadian variations in single-kev discrimination.    Descriptions 
of circadian rhythms in behavior nave been largely confined to 
reflexes and other types of unlearned behaviors  (e.g., general 
activity).    In an attempt to generalize these effects to more 
complex behaviors and relate circadian changes in behavior to 
more commonly studied behavioral changes,  two baboons have been 
exposed to a discrimination procedure requiring completion of 
a number of key presses for food reinforcement in the presence 
of an intermittent tone of one duty cycle while allowing presses 
in the presence of another duty cycle to go unreinforced.    Depending 
on several parameters of the procedure, notably the number of 
presses required for reinforcement,  the overall  level of deprivation 
of the animal, and the difficulty of the discrimination, circadian 
variations in the degree of discrimination can be observed. 
These variations can be characterized as an improvement in discrim- 
ination in the middle of the dark portion of the daily light 
cycle relative to performance during the day.    Preliminary data 
analysis using signal detection techniques suggests that the 
change in performance might be indicative of a change in response 
bias rather than a change in the animal's ability to discriminate 
the stimuli in the task.    These effects can be observed when 
several sessions are run on the same day or when only a single 
session is run per day at a different time each day. 

Circadian variations in two-lever discrimination in rats.    Four 
rats are being run on a procedure requiring responding on different 
levers in ths presence of flashing lights of different duty cycles. 
Four to eight sessions are being run each day, with half in the 
light and half in the dark.    This experiment should allow a more 
clear-cut signal detection analysis of circadian variability 
in discrimination performance. 

Experimental analysis of drug-behavior relationships.    For purposes 
of organization, studies of arug-behavior relationships are being 
presented as a separate subsection of this report.    Studies in 
this category are conducted for two principal purposes:    (1) 
The use of drugs in behavioral research is a particularly useful 
tool for exploring and defining principles which govern the interac- 
tion of the organism with its environment.    As such, the study 
of drug-behavior relationships is an extension of the technology 
applied in the basic work unit;     (2)    Work unit 102 requires 
not only direct study of Blomedical Aspects of Drug Abuse, but 
also the development and critical analysis of an appropriate 

814 

 ■■■■ ■ "--^  ■- -- -^ ■■■""   „utj^tttntimum^mtti^k 



|]I.IJU«IIIH»«.»«IP.'»;V, Mi-ur. i" «■»■I>»P^I»H;!»I.IUIIIII„I,.IJII iwjipii >u intvvmvvr'.tiii^ii\mimi)ir^ff*mi^!r.'.^'^'"''   

i u 
behavioral technology.    Therefore, studies in this work unit 
(025) yield data directly applicable to the drug abuse work units 
while, at the same time, they evaluate approaches to the drug 
problem, and assess the adequacy of the technology and feedback 
data on the generality of findings with respect to broader issues 
related to the maintenance and control of behavior.    In this 
context, research in this section utilizing drugs in the study 
of behavior may be directly related, tangentially related, or 
unrelated to drug abuse.    However, as a matter of policy, all 
studies in this section have employed drugs of abuse whenever 
these compounds would suffice in the examination of the issues 
being addressed. 

Drugs as a discriminatory stimulus.    Frequently, drug levels 
required to produce performance changes are relatively high compared 
to those reported to be associated with subjective exririences. 
This discrepancy in dose-level raises questions as to the generality 
cf results obtained in studies directed at drug-related performance 
deficits.    The argument has frequently been made that performance 
decrements are observed at doses considerably in excess of those 
used by man to produce subjective effects.    Because most studies 
of drug effects on performance are conducted on laboratory animals 
and because it is known that species differ widely in their 
sensitivity to pharmacologic compounds, it was considered advisable 
to develop a procedure which would permit comparison of drug 
dose-levels producing only changes in subjective experience with 
those required to produce performance decrements.    In the present 
study,  laboratory primates are being used to develop this procedure. 
The drug employed in the study is heroin, administered intravenously. 
The procedure takes advantage of the fact that if an animal is 
working for food and a stimulus is presented indicating that 
electric shock is about to be delivered, there is an abrupt disrup- 
tion in on-going performance.    This procedure is known as conditioned 
suppression.    In the present study, placebo, as well as varying 
doses of heroin, are being administered via chronic venous catheters. 
Placebos never signal that shock is to be presented, but an adminis- 
tration of heroin is always followed two minutes later by electric 
shock.    If the animal can discriminate the difference between 
a placebo and a given dose of heroin, it can reliably anticipate 
the presentation of shock, and the characteristic anticipatory 
disruption of on-going behavior can be observed.    To date, three 
animals have been prepared for use in this experiment and various 
dose-levels of heroin have been explored in order to determine 
dose-levels which will not alter on-going performance.    The procedure 
described above will begin and should yield data as to the minimum 
discriminable dose of intravenously administered heroin and will, 
as well, provide a method for assessing changes in the discrimin- 
ability of heroin attendant to the development of tolerance to 
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the drug. This same procedure will be utilized to assess the 
effects of spacing doses of heroin over time on the development 
of tolerance to its subjective effects. The data to date indicate 
that doses as high as 25 mg/kg have no direct effect on performance 
but are reliably discriminated by the organisms. Doses as low 
as 3.13 mg/kg (:02 mg total dose) are also reliably discriminated 
from saline. To date, no tolerance to the discriminative properties 
of the drug has been developed. 

Acute and chronic effects of Delta-9-tetrahydrocannabinol, ethanol, 
and th6 combination of these two drugs on performance maintained " 
under periodic schedules of reinforcement. Subjects (rats) were 
trained to respond on each of two levers. Reinforcement occurred 
for presses on the left lever after short periods of tim^ ffixed- 
interval of 30 sec), and reinforcements occurred for presses 
on the right lever after long periods of time (fixed-iiuerval 
of 150 sec). Only one schedule was in effect at a time. Animals 
typically press on the left lever for the first 30-50 sec, pause 
on both levers for 20-40 sec, and then press predominantly on 
the right lever for the balance of the 150-sec period.  Of course, 
50% of the time reinforcement is delivered for left presses after 
30 sec, so the timer resets and starts again. 

Four animals have received 14 acute doses of THC. Nine of these 
doses were in an ascending series (.25, .5, 1, 2, 4, 8, 32, and 
64 mg/kg) with doses given once a week. The resulting dose-response 
at curves were fairly flat and showed slight response rate decreases 
at the large doses. The next three doses were administered 21 
weeks later. In this series, doses were quadrupled rather than 
doubled (.5, 2, and 8 mg/kg) and given one week apart. Eight 
'"gAg produced a much greater response rate decrement under this 
dosing regime, indicating that the animals had developed tolerance 
to the drug in the first series. The final 2 doses were 4 and 
8 mg/kg and were administered during the two weeks following 
the second series. This time the effects of 8 mg/kg were smaller 
and resembled the effects in the first series. 

The same four subjects that served in the acute dosing series 
have been given two chronic series. In the first chronic series, 
two animals receiver 4 mg/kg of THC for 30 consecutive days. 
Neither animal recoveroii  l s predrug baseline rate of responding 
for either levev,  IK>uo\-i, both animals showed total recovery 
on the firnt nondrug Jay. After 20 days, a second chronic series 
(now in progress) was started. Neither animal has recovered 
baseline rates after 9 days of the drug. The other two animals 
received 1 mg/kg for 12 days during the first series. Neither 
animal showed any departure from predrug baselines so the dose 
was increased to 4 mg/kg for   18 days. Both animals showed some 
response rate decreases, but these were probably recovering by 
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the end of the series. During the current chronic series, these 
animals are receiving 4 mg/kg. One anima? has shown little change 
from baseline, while the other animal has .>hown decrements that 
are not improving over the nine-day period, 

Three of the four animals may have shown increased sensitivity 
to the THC (reverse tolerance) during the first chronic series: 
the decrement was progressive and the greatest decreases were 
seen after many doses. Because of the complex past history of 
acute THC doses that these animals had received, it is difficult 
to interpret this finding. Therefore, four additional drug-naive 
animals are currently being trained on this baseline and will 
receive a replication of the first chronic series. 

Six additional animals are receiving acute doses of ethanol 
(.5, 1.0, 1.5, 2.0, and 2.5 g/kg—orally) under this procedure. 
Each dose  is given 3 times with at least two non-drug vehicle 
days between each administration. Periods of maximal drug effect 
are being examined as well as dose parameters. Each subject 
has received 10 doses of ethanol to date. When the dose-response 
curves are completed, these animals will begin a chronic ethanol 
series. Small acute doses of THC will also be administered to 
these animals as they are becoming tolerant to the effects of 
ethanol. Likewise, the animals that have served in the THC experi- 
ments will be given another chronic series of THC and acute doses 
of ethanol will also be administered to them as they are becoming 
tolerant to the effects of the THC. To date, there has been 
little in the literature about the elucidation of the combined 
behavioral effects of these two socially used drugs. 

Modification of morphine Ingestion by rats with serotonin-depleting 
pretreatment. Individually caged aloino rats were given a solution 
of morphine hydrochloride (0.5mg/cc) and sodium saccharin (0.1%) 
as their sole fluid for two days. On day three, two fluids were 
made available: a saccharin solution with morphine, and a similar 
solution without morphine. This 3-day cycle was then repeated 
until subjects reliably took 50% or more of their fluid from 
the morphine bottle on choice days. As reported previously, this 
percentage was highly correlated with weight loss in subsequent 
withdrawal from the drug. Injections of either parachlorophenylalanine 
or chloroamphetamine, but not methyl-p-tyrosine or scopolamine, 
produced a reliable decline in morphine intake and preference. 
The two effective pretreatments share the ability to selectively 
lower brain serotonin levels, while the two ineffective treatments 
primarily affect catecholamine and cholinergic systems respectively. 

Secondary morphine abstinence symptoms in the rat revealed by the 
conditioned aversion technique. Morphine pellets were implanted 
subcutaneously in albino rats previously trained to take their 
daily fluid in a one-hour period. Three days later, these rats 
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were given a solution of saccharin for one hour instead of water, 
then injected with naloxone, a powerful morphine antagonist reported 
to have no agonist effects.    The classical abstinence signs of 
writhing, teeth chattering,  "wet dog shakes," and weight loss 
were observed significantly more often in these rats than in 
controls with placebo pellets implanted and/or saline injections. 
In addition, when subjects were given an opportunity, 48 hrs 
later, to drink either saccharin solution or tap water, the experi- 
mental animals drank significantly less saccharine than any of 
the three control groups, which did not differ.    Thus, rats previously 
implanted with a morphine pellet, and only these, developed an 
aversion to a novel taste temporally paired with an injection 
of naloxone.    This experiment was then repeated, allowing much 
longer intervals to elapse between pellet implantation and naloxone 
injection.    Injections of the latter two, three, or four weeks 
after implantation failed to elicit the "classical" withdrawal 
signs noted above, even though RIA still revealed morphine in 
the serum.    These rats  still showed a significantly lower preference 
for saccharin than the controls.    This simple and objective technique 
is thus apparently considerably more sensitive as a measure of 
withdrawal distress than any of the commonly used indices.    The 
results also suggest that t^e qualitative distinction between 
"primary" and "secondary" abstinence phases may be primarly a 
function of the insensitivity of withdrawal measures rather than 
a reflection of a dichotomous underlying process. 

Conditioned preference for morphine solution.    The three-day 
cyclic drinking regimen outlined above allows study of morphine 
self-administration while eliminating the need for tedious and 
often traumatic injection regimens, surgical procedures, or elaborate 
instrumentation for venous cannulation.    However,  considerable 
exposure to thi^ drinking schedule is necessary before rats begin 
to prefer morphine-saccharine solution to saccharin solution 
above.    A small proportion of rats never come to prefer the dru^ 
solution.    A study presently underway is attempting to speed 
this process substantially: after adapting naive rats to a 1- 
hr/day drinking schedule, daily intraperitoneal injections of 
morphine will be continued for 20 days.    At this point,  subjects 
will undergo repeated withdrawal.    At the end of each of these 
periods, subjects will be offered a saccharin-morphine solution 
for an hour instead of water.    A maintenance dose of morphine 
will be injected immediately after this ingestion period, thus 
insuring rapid relief from withdrawal distress soon after ingestion 
of the normally aversive saccharin-morphine solution.    Previous 
work in other laboratories suggests that one or more such temporal 
pairings will markedly enhance the rat's preference for the drug 
solution.    Affirmation of this hypothesis will not only speed 
subsequent research centered on morphine drinking,  but will also 
support the contentions of many that conditioning plays a substantial 
role in drug self-administration. 
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seasonal basis of diseases of military and civilian importance. 
25. (U) T3 07 - Ik 0k    On 15 April 1971* the functions of this work unit were trans- 
ferred to the United States Army Medical Intelligence and Information Agency, Washington 
DC 2031'*.  During the life of this work unit more than 3,000 ey tracts were processed 
by the 3500 CDC computer through the cooperative system of acqu sition of data, evalu- 
ation of articles received and the coding of pertinent information from each article 
used by the geography programmer. 

■ 

uoilrtja *o Maflgsjaa 

DD,:O.':J498 
■e anaaa '-~-1 

PIKVIOUS  IDITIONI  OF  THIl  FORM  ARC  0»»OL«TI      CiT  FORM!  I4MA.   I   NOV  •• 
AND   14M-I.   1   MAR  ••   (FOR   ARMY   UIC)   ARt  OMOi-CTC 

820 

mmm mm   -| 



W^.Ml.ll    ,"    m.,..,,. .„ 
•"W ^.^«^"'»'"■"•"■■''■'■''■TtW 

u 

■    / 

11 

i 

RESfARCH AND TECHNOLOGY WORK UNIT SUMMARY 
1 OATi pmv luirnY 

73 07   1 

4. KIND Of tUMMARV 

D.     Change 
10. NO./COOtS:* PMOOMAM CLBMCNT 

k.  COMTMBUTIHO 

6276A 

CARDS  114F 

u 
I   VOKK UCUM TT 

PhOJKCT NUMMIR 

3A762760A806 

I.  AMHCV ACCm 

DA OB 6489 74 07 01 
tmromr comrmoL »rmmoL 

DD-DR*E(AR)6J6 

■flllACMHO1 ES OMrN IH«TII*N      QC IMCirtC OAT* -   ' 
COitTBACTOn ACCCU 

NA NL B»,,     Dm 

TAHC AREA HUUBCR 

00 

I. TtTLt fprac** turn iMMrtiy ciM*jnMii«i c«*^ 

(U) Epidemiological Studies of Military Diseases 

1, LIVCL OF «UM 

.  VOM UMT 

Won* UWT NUMSKM 

034 

t|. ICttHTiriC AMD TICHHOLOOICAL ARCAS" 

003500 Clinical  Medicine    005900 Environmental   Biology 
l>. ITART OAYt 

72 07 
U. CITIMATCD COH^LITtON OATI 

CO NT 
JT   COHTRACT/ONANT 

ft OATM^PPtCTIVC:     NA 

k HUWBCR:* 

t  TV»t; 

« KINO OF AVARD: 

KXflRATtOM: 

d AMOUMT: 

f. CUM.   AMT 

I*. RM^ONtlOLl OOO OROANIIATIOM W. PIRFOimiMO OROANtlATIOM 

■»«•Walter Reed Army  Institute of  Research 

ADORIU:* Washington,   DC  20012 

lltPONIiat,! IflOIVIOUAL 

N*"^    Bischer,   COL  E.L. 
TtLtPHONr   202-576-3551 

CCMCRAL UtC 

Foreign  intelligence not considered 

IL  FUHOIHO AOIHCV 

DA 
i*   RCtOURCIS ESTIMATC 

74 

75 

i«! RIRFORUANCI HCYHOD 

C.     ln-house 
k FROrsMlOMAL HAH VR1        U  FUHM O" «IM*.M*> 

T 

36 

40 

(U)   Epidemiology;   (U)  Tuberculosis;   (U)  Serology;   (U)   Drug Abuse 

««■:• Walter  Reed Army  Institute  of  Research 
Div of    Preventive Medicine 

AWMM.« Washington,  DC 20012 

PHIHCIRAL IHVKITIOATOR (Fvmfk MAM U t/.M, *<**—!>! ln*(«fMU*v 

""•'Segal,   Herbert E.,  MAJ,  MC 
,,L""o",:202-576-2480 
lOCIAL »CURITV ACCOUNT NUMSIR   

AUOCIATI IMVflTIOATONt 

"»""Morrison,  Alan S.,  MAJ,  MC 
"«■«^Cavdos.   Joel   C.   MAJ.   MC  

11. TECHNICAL OBJtCTtVC*  SA APPnOACM,   31 PROONCU (rW* lrt*rt*j»! pttfr*- ItmllH»* Ay n »««•A» Mil ♦! M€A MAt ■•ct«lfr Cl—I*   ifl«i C*A«0 

23.(U) To identify, define, and study known and potential causes of disability in mili- 
tary populations using relevant, existing epidemiologic techniques and developing appro 
priate new methodology. To apply this information to the prevention and control of dis 
ability in military populations. 
24. (U) Contemporary epidemiologic methods are applied to causes of disability in mili- 
tary populations.  Multidisciplinary collaborative approaches are utilized and new meth 
ods developed as required. 
25.(U) 73 07-74 06 Study of the variability of skin tests for tuberculosis was completec 
Investigation of an outbreak of tuberculosis in an experimental primate colony at Edge- 
wood Arsenal was completed.  Coding and keypunching of Fitzsiramons questionnaire and 
SAFA data was completed.  Sera from the Fitzsimmons and Edgewood studies are being 
tested by a glycolipid antigen hemagglutination system in collaboration with University 
of Maryland investigators.  Follow-up of personnel identified during a possible out- 
break of toxic hepatitis at AFEES, Des Moines, was continued.  An investigation of 
alleged excessive or unusual reactions to typhoid vaccination was completed. Abstracting 
of records from the testicular cancer study was completed in collaboration with the 
Clinical Research Service, WRAMC.  Restudy of Yaviza Village, Republic of Panama, was 
completed; -eduction and analysis of resulting data are in progress.  Evaluation of 
epidemiologic sensitivity and specificity of urine tests for opiates was completed.  A 
prospective study of drug users identified during BCT is reported elsewhere.  (DA Pro- 
ject A833 - Work Unit 103)  For technical report see Walter Reed Army Institute of Re 
search Annual Progress Report 1 Jul 73 — 30 Jun 74. 
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Project 3A762760A806 MILITARY PREVENTIVE MEDICINE 

Task 00 Military Preventive Medicine 

Work Unit 034 Epidemiologie studies of military diseases 

Investigators: 
Principal:  MAJ Herbert E. Segal, MC 
Associate:  MAJ Alan S. Morrison, MC; MAJ Joel C. Gaydos, 

MC; MAJ Donald J. Balaban, MC; MAJ Frank L. 
O'Donnell, MC; SSG Michael C. Callahan; 
L. Charlene Evans 

1. Variability in Skin Testing for Tuberculosis 

Exposure of a group of 126 military personnel to a 
soldier with active pulmonary tuberculosis at Fitzsimmons 
Army Medical Center provided an opportunity to compare skin 
test results obtained with three different antigen prepara- 
tions and with four observers.  The purified protein deri- 
vative preparations used were:  (1) stabilized with poly- 
sorbate 80 (Tween-80) (PPD-T); (2) a commercial tableted 
tuberculin (PPD-PD); (3) the Public Health Service standard 
(PPD-S). 

All tests were administered and then read in a blind 
manner.  The largest proportion of positive tests was 
obtained with PPD-T.  The degree of agreement among the 
observers did not depend on the choice of antigens.  The 
data indicate the usefulness of PPD with polysorbate 80 in 
tuberculosis screening. 

2. Tuberculosis in an Experimental Primate Colony 

An epidemiologic investigation of the occurrence of 
tuberculosis in an experimental rhesus monkey (Macaca 
mulatta) colony at the Biomedical Research Laboratory (BML), 
Edgewood Arsenal, was initiated in September, 1973.  The 
objectives of the investigation were to define the preva- 
lence of skin test positivity and disease in the colony and 
associated staff and to test the usefulness of the soluble 
antigen fluorescent antibody (SAFA) and passive hemaggluti- 
nation tests in case finding. 

All 89 monkeys were serially skin tested and bled, and 
were ultimately necropsied as specified in the original 
(surgical) protocol.  SAFA testing of 203 specimens yielded 
9 positive results.  Testing with serologically active 
glycolipids is in progress.  Correlation of skin test. 
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Serologie, and necropsy results is in progress.  No skin 
test conversions or cases of active disease were found in 
the staff members studied. 

3. Serologie Tests for Human Tuberculosis 

A two year serum collection for use in evaluating the 
SAFA test and, prospectively, other Serologie tests for 
tuberculosis was completed at Fitzsimmons Army Medical 
Center.  Subjects studied included all tuberculosis admis- 
sious both newly diagnosed and old, patients with diseases 
of the chest other than tuberculosis, tuberculin skin test 
converters, and normal persons skin tested as a result of 
case-finding efforts.  2,384 clinical histories and serum 
specimens were collected and resulting information coded 
and keypunched. 

All sera have been studied using soluble antigen fluo- 
rescent antibody (SAFA) test.  Analysis of the normal ranee, 
sensitivity, and specificity of the test antigen is in 
progress.  A passive hemagglutination test employing sero- 
logically active glycolipids is also being evaluated in 
collaboration with University of Maryland investigators. 
(These collaborators are also testing non-human primate 
sera £see 2 abovej).  Serologie testing is in progress. 

4. Toxic Hepatitis - Relationship of a Copying Process to 
Laboratory Results 

Investigation of hepatitis at an Armed Forces Examining 
and Entrance Station (AFEES) in September 1972 resulted in 
identification of nine men with abnormal clinical and/or 
laboratory findings.  Two were diagnosed as having viral 
hepatitis, while abnormalities recorded for the remaining 
seven did not fit any diagnostic entity.  Epidemiologie 
studies suggested a relationship between these abnormalities 
and exposure to a developer powder used in a diazo copying 
machine.  Toxicologieal studies on the developer powder done 
at the U.S. Army Environmental Hygiene Agency were unremark- 
able except for potential sensitization with skin testing. 

The abnormalities noted on one man during the initial 
investigation persisted and in December 1973 his condition 
was diagnosed as primary selerosing eholangitis.  Follow-up 
of the other eight was begun in November 1973.  Values out- 
side the normal range were obtained in all eight, but only 
one had striking findings.  This man has been diagnosed as 
having mild, chronic liver disease of undetermined etiology. 
At the present time the Office of The Surgeon General is 
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determining what additional evaluation is indicated for 
the personnel involved in the initial outbreak. 

5. Adverse Reactions to Typnoid Vaccination 

Between 2 April and 26 July 1973, eighty-eight people 
reportedly experienced reactions to typhoid vaccine.  The 
investigation of these reactions sought to determine the 
incidence of reported reactions, the suitability of vaccine 
lots implicated in reactions for continued issue and use, 
and the circumstances surrounding reported reactions. 
Twelve reactions occurred among 440,000 people assumed to 
have received vaccine packaged in 20-dose vials and 76 
reactions occurred among 500,000 assumed to have received 
vaccine packaged in 100-dose vials. 

Specimens of all vaccine lots implicated in reactions 
were evaluated.  Safety, sterility, and mouse toxicity 
were satisfactory. Investigation of the individual reac- 
tions revealed that the combined effects of typhoid immuni- 
sation, heat, physical stress, and other concurrent immuni- 
zations may have accounted for many of the reported reac- 
tions. Only two of the reactions were considered atypical. 
In view of the low incidence of reported reactions and the 
satisfactory results obtained on laboratory testing of 
vaccine lots implicated in reactions, the significance of 
these atypical reactions is questionable.  It was concluded 
that vaccine lots implicated in the reported reactions were 
suitable for continued use. 

6. Clinical Epidemiologie Study of Testicular Malignancy 
in Army Personnel, 1950-1970 

This case-control study performed in collaboration with 
the Clinical Research Service, WRAMC, seeks to define demo- 
graphic and medical characteristics which are antecedent 
to the onset of testicular malignancy.  Cases were ascer- 
tained from Class II Hospital Tumor Registries and Armed 
Forces Institute of Pathology records.  Comparison indivi- 
duals were selected from a 0.1% sample of personnel on 
active duty during the period in which the cases were 
diagnosed.  The abstraction of personnel and medical records 
has been completed and the analysis begun. 

7. Studies in Yaviza Village, Republic of Panama 

During March and April, 1974, census and other demo- 
graphic data were obtained for the entire population (1466) 
of the eastern Panamanian village of Yaviza.  A random 
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sample comprising the occupants of 56% of the dwellings in 
the town were selected for venlpuncture.  Four hundred and 
sixty-six people (31.8% of the total population) actually 
provided specimens. Mean hemoglobin values were 12.6 gm/100 
ml for females and 13.5 gm/100 ml for males, and mean hema- 
tocriv values were 37.9% and 40,0% respectively. Deficien- 
cy of the erythrocyte enzyme glucose-6-phosphate dehydroge- 
nase was found in 9.5% of the males tested. Hemoglobin 
electrophoresis of all specimens showed the following pre- 
valence of hemoglobin patterns: AA - 87.1%, AS - 5.8%, 
SS - 0.4%, AC - 6.2%, and AF - 0.4%.  Plasma specimens 
showed an overall prevalence of antibody to hepatitis B 
antigen (HBsAg) of 24.2%. Nine persons (1.9%) had HBsAg 
in their plasma. 

Further serologic testing and analysis of the data and 
correlation with demographic variables is in progress. 

8. Epidemiologie 0jnsitivity and Specificity of Tests for 
Opiates 

A study was performed to determine the epidemiologic 
sensitivity and specificity of biochemical tests used to 
detect drugs of abuse in urine samples. Negative samples 
were collected under controlled conditions by volunteers 
at Fort Detrick.  Urines positive for morphine were collect- 
ed from patients at Lexington who were receiving morphine 
as part of a research protocol. The urines wero labelled 
with a random code number and analyzed for morphine by free 
radical assay technique (FRAT), thin layer chromatography 
(TLC), fluorometric technique of Kupferberg (FLUR), and gas 
liquid chromatography  (GLC), with the following results: 

FRAT TLC FLUR GLC 
Sensitivity .976 .686 .990 .995 
Specificity .962 .995 .941 .989 

These calculated values were further analyzed to deter- 
mine what the test sensitivity and specificity would be, if 
the test were arranged into a battery such that FRAT and 
TLC were in parallel (if either test is positive, the 
result is positive) and the resulting positives were tested 
by GLC in series.  Assuming conditional independence 
between the tests, and using formulae for the composite 
sensitivity and specificity of tests in parallel and series, 
the overall sensitivity and specificity of the* test battery 
would be 0.988 and 0.999 respectively.  This particular 
arrangement of tests into a battery greatly increases the 
specificity beyond that of any of the component tests. 
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while the sensitivity is only slightly less than the sensi- 
tivity of the best test. This would be of particular 
importance in testing for low prevalence conditions, since 
the probability that a positive test is correct is directly 
proportional to the test specificity and the prevalence of 
the tested condition. 

9. Personnel Identified as Drug Users During Basic Combat 
Training - Performance During First Military Tour 

A prospective study of the military performance of drug 
users identified during Basic Combat Training is in progress 
Results and discussion of this collaborative study are 
reported elsewhere (DA Project 3A762758A823, Work Unit 030, 
Military psychiatry« NP). 
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23 (U) To elucidate gastrointestinal responses to shock and evaluate their contribu 
tion to the pathogenesis of -.rreverslbility of shock. To evaluate the phanaacologlc 
effect of drugs currently used to control gastrointestinal hemorrhage. The studies 
relate to gastrointestinal pathology that frequently occurs In soldiers following trauma 

24 (U) Study gastrointestinal hemodynamic responses to experimental endotoxic and 
hemorrhaglc shock. Evaluate the adrenergic mechanisms functional in the gastric cir- 
culation and the effect of vasopressln on that vasculature. 

25 (U) 73 07 - 74 06. A lethal dose of endotoxin causes profound hypotension in the dog 
and a drastic reduction of gastric blood flow. At the same time oxygen extraction from 
the gastric arterial blood Increases and tissue oxygen consumption Increases. These 
studies are not yet completed.  The subregional distribution of adrenergic receptors 
was studied in both the left and right gastric arterial circulations.  The results 
suggest that the region of the stomach supplied by the left gastric artery is under a 
predominant beta adrenergic influence while that region served by the right gastric ar- 
tery is primarily controlled by alpha adrenergic receptors. Thus, eplnephrine, a drug 
often used to control bleeding from esophageal varices, causes a dilator response when 
infused Into the left gastric artery. Since this response would be detrimental in the 
subject clinical setting, the data question the advisability of using eplnephrine in 
this therapeutic modality. Vasopressln, when used in the same manner, caused sustained 
constriction of the gastric vasculature but caused greater changes in central hemodyna- 
mics than indicated In the clinical literature. 

For technical report see Walter Reed Army Institute of Resenrch Annual Progress Report, 
1 Jul 73-30 Jun 74. 
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Project 3A16211QA821 COMBAT SURGERY 

Task 00 Combat Surgery 

Work Unit 121 Gastrointestinal responses to trauma 

Investigators. 
Principal:  LTC David G. Reynolds, MSC 
Associate:  MAJ Nelson J. Gurll, MC; MAJ Joseph M. Giordano, MC; 

CPT Michael J. Zinner, MC; PFC John C. Kerr 

1. Adrenerglc Mechanisms In the Gastric Circulation 

a. Background and Statement of the Problem. Selective intraarterial 
infusion of vasoconstrictor drugs has become a frequently used means of 
controlling gastrointestinal hemorrhage (1-3).  In addition to vaso- 
pressin, the adrenergic amines, epinephrine and noreplnephrine, have 
recently been employed in this manner. Previous reports from this 
laboratory demonstrated autoregulatory escape in the mesenteric circu- 
lation when infused with catecholamlnes; a phenomenon that would argue 
against using these agents in the manner described (4).  Since intra- 
arterial epinephrine infusion is presently being used in hemorrhagic 
gastritis, a study was conducted to evaluate the effects of the common 
adrenergic amines on gastric blood flow. 

b. Experimental Approach. The right and left gastric arteries in 
dogs were Isolated and blood flow measured electromagnetlcally. The 
first branch of each artery was cannulated for intraarterial injection 
and infusion of the adrenergic amines, epinephrine, noreplnephrine, and 
isoproterenol. Arterial and portal venous pressures were monitored and 
vascular resistance calculated. The effects of the catecholamlnes were 
measured before and after alpha or beta adrenergic blockade. 

c. Results and Discussion. The intraarterial Injection of epine- 
phrine /10"3 - 10° p,g (base) kg"l/ produced a biphasic response in both 
arteries. In the left gastric artery it caused an initial constrictor 
response followed by a large amplitude increase in flow while in the 
right gastric artery the constrictor phase was greater and the dila- 
tion minimal. When infused into the left gastric artery for 10 minutes, 
epinephrine (0.05 ^g kg"l min"^-) caused a transient decrease, in blood 
flow that rapidly Increased to be significantly greater than control 
within three minutes. Right gastric arterial infusion caused a more 
sustained constriction which was, however, associated with autoregu- 
latnrv escape returning flow to, but not exceeding, control. Alpha 
adrenergic blockade with phenoxybenzamine attenuated the constrictor 
and augmented the dilator responses and beta adrenergic blockade with 
propranolol exerted the opposite Influence. 

Noreplnephrine injections in the same doses also produced bi- 
phasic responses in gastric blood flow. Howover, the response in each 
artery was predominantly constrictor in nature. Ten minute infusions 
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of the drug caused constriction accompanied by autoregulatory escape in 
both arteries. In this regard the effect of norepinephrine is similar 
to its effect in the canine mesenteric circulation (4). Alpha adrenergic 
blockade attenuated the constrictor response and beta adrenergic blockade 
enhanced it. 

Isoproterenol caused vasodilation whether injected or infused. 
The magnitude of the responses in the left gastric circulation was sig- 
nificantly greater than the responses in the right gastric vasculature. 
Alpha adrenergic blockade did not affect the magnitude of these res- 
ponses while beta adrenergic blockade significantly attenuated them. 

These data suggest that the left gastric vasculature has a 
greater potential to undergo vasodilation than does the right gastric 
vasculature; possibly due to an unequal distribution of beta adrenergic 
receptors. The evidence thus argues against the use of intraarterial 
catecholamine infusions for control of hemorrhagic gastritis. It is 
feasible that one could employ infusion of epinephrine or norepine- 
phrine in combination with beta adrenergic blockade for effective 
control of mucosal bleeding. However, an effective and safe method of 
delivering the proper amount of propranolol remains to be defined. 
These data are being prepared for publication. 

2. Mesenteric Ischemia: A Therapeutic Approach 

a. Background Problem. Acute mesenteric vascular insufficiency is 
a frequent clinical problem and is associated with a very high mor- 
tality. Since the early pathophysiologic changes include thrombi in 
the microcirculation and splanchnic vasoconstriction, a thrombolytic 
agent might prove useful in the management of this disorder. Of special 
value would be a thrombolytic agent that possesses "side" effects of 
vasodilation. Studies are nearing completion in which the vasomotor 
effect of three forms of urokinase were evaluated in both the mesen- 
teric and femoral vasculature of dogs. 

b. Experimental Approach. Superior mesenteric and femoral arterial 
blood flows were measured electromagnetically. Appropriate arterial 
and venous pressures were monitored in order to calculate mesenteric 
and femoral vascular resistances. The hemodynamic effects of intra- 
arterial injections and infusions of the following three forms of uro- 
kinase were determined:  (1)  Ploug Urokinase (chemical grade, Calbio- 
chem), (2) CTA Urokinase from urine sources (FDA approved, Abbott Labs), 
and (3) CTA Urokinase from tissue culture sources (not FDA approved, 
Abbott Labs). The urokinases were studied before and after treating 
the animals with the beta adrenergic antagonist, propranolol, or the 
antihistaminic, diphenhydramine. 
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c   Results and Discussion. The CTA Urokinase of urine and tissue 
culture sources had no hemodynamic effect on mesenteric or femoral ar- 
terial flow. However, Ploug Urokinase exerted a dose dependent dilator 
influence on both vascular beds. Infusion of the drug caused sustained 
increases in flow without evidence of autoregulation. The dilator res- 
ponses were not attenuated by either propranolol or diphenhydramine. 
The Ploug Urokinase thus appears to contain a vasodilator substance 
that acts by a mechanism other than beta adrenergic receptor stimulation 
or histamine release. This substance may be a contaminant such as iso- 
enzymes of urokinase that are removed by purification to the CTA forms 
jf urokinase. Since the Ploug Urokinase represents, in principle, a 
potentially beneficial drug, efforts will be made to identify the con- 
taminant . 

3. Adrenergic Mechanisms in the Hepatic Arterial Circulation 

a. Background and Problem. Autoregulatory escape has been proposed 
as a mechanism of protecting the liver from hypoxia when exposed to vaso- 
constrictor drugs for prolonged periods. The effects of intraarterial 
catecholamines on hepatic arterial blood flow was studied and compared 
In dogs and baboons. 

b. Experimental Approach. Hepatic arterial blood flow was mea- 
sured electromagnetically and appropriate central pressures were moni- 
tored. The adrenergic amines, epinephrine, norepinephrine, and iso- 
proterenol, were studied as intraarterial injections and infusions in 
the same concentrations noted above. 

c. Results and Discussion. Intraarterial injections of epine- 
phrine and norepinephrine caused dose dependent decreases in hepatic 
arterial blood flow in both species. The constrictor responses were 
not accompanied by the "overshoot" phenomenon which is characteristic 
of the action of the drugs in the canine mesenteric circulation. The 
"overshoot" has been related to the mechanism of autoregulatory escape 
and the relationship has been described in a manuscript to appear in 
the Proceedings of a recent Symposium on Gastrointestinal Physiology. 
This relationship was supported by the observation that both drugs, 
when infused into the hepatic artery, caused sustained constriction. 
Neither species demonstrated evidence of autoregulatory escape.  The 
data thus contradict the concept of autoregulatory escape serving as a 
mechanism to prevent hepatic Ischemia. 

The beta adrenergic agonist, isoproterenol, stimulated small 
magnitude Increases in hepatic arterial blood flow in the dog and five 
times that dose was required to elicit equal responses in the subhuman 
primate's hepatic circulation. These data suggest that there are few 
beta adrenergic receptors in the hepatic arterial vasculature of both 
dogs and baboons. 
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23 (U)    a.     To correlate environmental oxygen tension with cellular and  tissue  oxygen 
consumption under various  conditions;   b.     to characterize  the formation of microaggre- 
gate  in fresh and stored blood and evaluate methods  for their removal.     These  studies 
are of military  relevance. 

24 (U)    a.     Oxygen consumption of  rabbit  liver slices under several experimental condi- 
tions has been determined in an in vitro system employing an oxygen electrode.   Oxygen 
consumption of an isolated vascular bed  (canine hindlirab)  was studied with  the aid of 
a membrane  lung,    b.    The presence  of microaggregates  in fresh and stored blood was 
determined with an electronic particle  size analyzer and  the effectiveness  of  several 
cotranonly used blood  filters  in removing the debris was evaluated. 

25 (U)   73 07  -  74 06.a.The oxygen consumption of  rabbit  liver slices  correlates  directly 
with  the oxygen tension,  hemoglobin content and osmolarity of the bathing electrolyte 
solution.  Small amounts of endotoxin significantly reduce  the consumption.     In the iso- 
lated  canine hindlimb,   oxygen consumption is  independent of oxygen tension  (above 25 
mm Hg)  and  the presence of endotoxin but  is  directly correlated with carbon dioxide 
tension and pH.    b.    A significant volume of microaggregate debris  is  present  in stored 
whole blood.    Studies with four commercially available filters used during blood  trans- 
fusion to remove the debris suggest  that  the :ilters are only effective  in filtering 
two units  of blood and  should be replaced  if further blood  transfusion  is   required. 

For  technical  report see Walter Reed Army Instl tute of Research Annual Progress  Report, 
1 Jul  73-30 Jun 74. 
kim'fmlUm if conif dor« upon oHji RritfBifngg m jBprovi 
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Project  3A162110A821    COMBAl SURGERY 

Task 00    Combat Surgery 

Work Unit 124    Pathophysiology of systemic responses to trauma 

Investigators. 
Principal:    LTC Robert W. Hobson,   II, MC 
Associate:    LTC David G. Reynolds, MSC; LTC Creighton B. Wright, MC; 

MAJ Alfred S. Gervin,  MC; MAJ Michael D. Sulkin.MC; 
SP4 Robert E. Lamoy;  SP5 Stephen E. Fisher 

1.    Microaagregate Formation in Stored Human Blood. 

a.    Statement of the Problem and Background. Recent studies have 
suggested microaggregates composed of degenerating platelets and white 
blood cells in a fibrin matrix are formed during the storage of human 
blood at 4° C.     Indirect evidence suggest that these microaggregates, 
when infused into the pulmonary circulation, may produce microembolic 
pulmonary dysfunction.    The results of studies in animals demonstrate 
that the passage of blood through specialized filters prior to in- 
fusion can prevent the postembolic pulmonary dysfunction.    Routine 
transfusion filters composed of 160 micron grid filters are inadequate 
to remove these microaggregates which have a size range from 13 to 
approximately  120 microns.    Thus,   specialized ultrapore filters with 
filtration capacities in this range have been devised.    Studies have 
been undertaken to determine the factors involved in the formation of 
microaggregates,   test the effectiveness of various commercially avail- 
able filters,   and to ascertain alternate ways  for deletion of these 
microaggregates from stored human blood. 

b.    Experimental approach.    Microaggregate levels were determined 
in human blood using the Model T Coulter Multichannel Particle Size 
Analyzer.    This instrument can instantaneously analyze the volumes of 
microaggregates at differential aggregate diameters.    Seven experiments 
have been completed:     (1)    The levels of microaggregates in human blood 
anticoagulated in acid citrate dextrose  (ACD) and citrate phosphate 
dextrose  (CPD) were analyzed and compared.    The effects of passage of 
these bloods through four commercial filters   (Dacron wool,  40 micron 
grid,  urethane,  and nylon wool) were determined so that the most effi- 
cient filter could be identified.     (2)  The effects on mi;roaggregate 
removal of the passage of multiple units of blood throug.i each of the 
given filters was performed so that the filtration effectiveness of a 
given filter might be determined.     This study had significance in as- 
certaining the number of units  that could be safely administered through 
one filter.     (3) Using differential centrifugation techniques,  all com- 
ponents of blood were analyzed for microaggregates.    It was determined 
that the great majority of microaggregates occur in the buffy coat 
fraction although a significant volume of microaggregates is present 
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in the packed red cell fraction.     (4)    Studies were undertaken to de- 
termine factors that might prevent the formation of microaggregates 
during the storage of human blood.    The removal of platelets and white 
blood cells prior to storage, is associated with a significant decrease 
in the formation of microaggregates.    Treatment of blood with aspirin 
(100 micromolar or 200 micromolar), a drug known to inhibit platelet 
aggregation,  caused no significant decrease in microaggregate formation 
although treatment of blood with prostaglandin (PG El) significantly 
decreased microaggregate levels.    Constant agitation of blood during 
storage decreased microaggregate levels although this technique was 
traumatic to red blood cells.     (5)    Studies were completed to deter- 
mine methods for deletion of microaggregates from stored blood follow- 
ing their formation without the employment of expensive ultrapore 
filters.    After 21 days of storage,  the  treatment of blood with uro- 
kinase or streptokinase (100 units per ml)  significantly decreased 
microaggregate formation.    Centrifugation of stored blood with high 
microaggregate levels at 6000 G for 5 minutes caused coalescence of 
the microaggregates to form larger particles which were easily removed 
during passage through standard 140 micron transfusion filters. 
(6)    Microaggregate levels were determined in various forms of component 
therapy.    Conmercially prepared packed red cells and plasma preparations 
were virtually free of microaggregates.    Commercially prepared albumin 
fractions were also free of microaggregates.     (7)    A study was under- 
taken to determine the levels of microaggregates in glycerol frozen red 
cells.    Red cells frozen in glycerin in three systems  (leutramatric, 
IBM, and hemanetics) were studied.    Microaggregate levels in the leutra- 
matric and hemanetic preparations were low although significant popula- 
tion of microaggregates were present in the IBM prepared blood. 

c.     Results and Discussion.    Although data is  inconclusive that  the 
infusion of microaggregates into the human is indeed responsible for 
post-traumatic pulmonary insufficiency,   this  cause and effect relation- 
ship has been well documented in the canine.     Our studies have demon- 
strated that microaggregates are composed of platelets and of white blood 
cells although a small volume of microaggregates of unknown origin are 
contained in the packed red cell fractions.    Blood anticoagulated in ACD 
and CPD contain equal volumes of microaggregates.    However,   this volume 
was surprisingly low amounting to 1500 cubic microns x 10-Vmnr of stored 
blood.    Thus,   these particles are probably inadequate to produce mechanical 
occlusion of the pulmonary vasculature and this might suggest that vaso- 
active-humoral mechanisms are involved in posttransfusion pulmonary dys- 

nction.     Ultrapore  filters are expensive and may add as much as  10 to 
to  the cost of blood transfusions.     Our filtration effectiveness 
ies have demonstrated that only one of  the four commercially avail- 
filters is  capable of effectively filtering more than 2 units of 

od.    This is  the 40 micron grid filter which fun ".ioned well during 
ne infusion of 5 units of blood -  the  limitations  of the study.     Compo- 
nent therapy has been demonstrated to be  free of microaggregates.     Thus, 
washed  red cells,  packed red cells,  plasma and albumin can be administered 
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without use of filters.    However,  If these red cells are prepared in the 
IBM system and large volumes administered,   then filters should be em- 
ployed.    The problem of microaggregates can be circumvented by pretraat- 
ment of blood before storage with PG El or treatment of blood after 
microaggregate formation with urokinase or, most simply, by centrifuging 
the blood so that a coalescence of microaggregates occurs. 

2.    Effect of Trauma on the Fibttaolytic Activator. 

a. Statement of the Problem and Background.    Fibrinolytic activator 
is found in various  tissues of mesothelial origin and in vascular endo- 
thelium.    Although the importance of this system has not been rigorously 
defined,  it is felt that the system by nature of its fibrinolytic  (clot 
dissolving)  properties has significance in the maintenance of vascular 
patency by the removal of deposited fibrin.    In addition,  this system 
may play a role in the etiology of postoperative and post-traumati^, 
fibrin adhesions.    Studies have been undertaken to determine the effects 
of trauma on fibrinolytic activator activity in both venous intima and 
thoracic pericardium and to attempt to determine ways to augment this 
activity using activators of the fibrinolytic system so that the post- 
traumatic problems such as thrombosis or adhesion formation might be 
circumvented. 

b. Experimental Approach.    Fibrinolytic activator activity was 
studied by the fibrin slide and fibrin plate techniques of Astrup and 
associates.     Initial experiments were designed to standardize the fibrin 
plate analysis.    The effects of incubation time,  incubation temperature 
and handling of tissues prior to incubation were rigorously studied and 
standardized.    The effects of altering the size of the tissue placed on 
the fibrin plates were investigated.    Shelf life of the fibrin plates 
was determined by storage of plates for various times and temperatures 
and then determining sensitivity of plates to Standard concentration to 
urokinase. 

(1) The presence of fibrinolytic activator activity in canine 
pericardium was established.    This activity was noted to significantly 
decrease during various forms of surgical trauma including abrasion, 
cautery,  exposure to hot and cold solutions,  exposure to hot lights 
and desiccation.    A study is now in progress  to determine the relation- 
ship of decreases in activity produced through various forms of trauma 
to adhesion formation. 

(2) Pharmacologic agents  (glucose,  Keflin,  KC1,  etc.^ known to 
produce thrombophlebitis, significantly decrease f ibmolytic activator 
activity when placed in venous  segments.    Control drugs produced no 
decrease in activity.    The passage of a Fogarty catheter through an 
arterial bed significantly decreased arterial activity.    Decreases in 
activity paralleled the number of passes of this catheter.    In another 
group of experiments  the time course of return of arterial fibrinolytic 
activity after injury was investigated.    Activity was determined in 
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the femoral arteries at Intervals from 1 day to 21 days after passage 
of a Fogarty catheter. Activity was noted to return tc levels of normal 
approximately 7 days after trauma - although fibrin slides showed that 
intimal activity never reappeared. 

(3) In another set of experiments traumatized vessels were 
treated with activators of the fibrinolytic system to prevent the decrease 
of fibrinolytic activity. Jugular veins were crushed (known to decrease 
activity) or distended with saline in a fashion similar to techniques for 
the preparation of veins for arterial bypass surgery. Following this 
trauma, the vessels were incubated in vitro with solutions of urokinase, 
streptokinase, and heparin. Using a solution of 50 units of UK per cc 
of saline, activity decreased 207» less than saline controls. Studies 
investigating the use of larger doses of these drugs are now in effect. 

(4) A study was undertaken to determine the rate at which 
fibrinolytic activator activity appeared on the intima of synthetic 
grafts after placement in the arterial system. Fibrinolytic activity 
appeared in the aortic graft as early as 6 hours after insertion, reached 
a maximum activity in 4 days and then returned to normal by 28 days. Thus, 
for 6-8 hours after insertion of Dacron graft, the fibrinolytic system is 
not present to aid in removal of clots and the use of adjunctive anti- 
coagulation of fibrinolytic therapy might therefore prevent early graft 
thrombosis. 

c. Results and Discussion. Fibrinolytic activator activity is present 
in pericardium and is decreased following multiple forms of surgical trauma. 
These decreases may be involved in the formation of postoperative intra- 
thoracic adhesions - a significant source of morbidity to the patient. 
This mechanism achieves added significance in light of recent reports 
that a cause of failure of coronary artery - saphenous vein bypass may be 
obstruction with intrathoracic adhesions following bypass. Fibmolytic 
activator activity is decreased following simple passage, of the Fogarty 
catheter, following this decrease activity is slow to ro.tium. Although 
activity by 28 days has achieved gross normal levels, the activity of 
the intima never returns to normal and is permanently impaired. The sig- 
nificance of this awaits further definition. Drug therapy, trauma and 
diste-icion - all comnon in the surgical treatment of patients - signifi- 
cantly decreases activity. This loss of activity can be partially pre- 
vented by treatment of vessels with activators of the fibrinolytic system. 
Further studies are now in progress to investigate the use of larger 
doses of urokinase. Finally early loss of patency following the in- 
sertion of grafts may be related to the poor fibrinolytic activator 
activity. For 6-8 hours adequate activity is present to remove the 
small thrombin and small fibrin and platelet aggregates which are known 
to adhere to the graft. The use of postoperative heparin to prevent 
thrombosis or fibrinolytic therapy to aid r'n the removal of fibrin clots 
may well seem clinically indicated. 
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3. Pathophyslology of the Intraarterial Injection of Abused Drugs 

a. Statement of the Problem and Background.    Since 1942 there has 
been continuing awareness of the ischemic complications in extremities 
following the Intraarterial Injection of a variety of drugs.    Most re- 
ports have dealt with a few cases following injection of a specific drug. 
A few experimental studies have suggested either vasospasm or microem- 
bolism as possible etiologies.    Since some of these drugs involved do 
not exist in crystalline form and the hemodynamic responses to these 
drugs are unclear,  investigation into the possible Induction of vaso- 
spasm by the cotnnon drugs of abuse when injected intraarterially has 
been carried out.    The experimental approach in groups of dogs and 
baboons has been to measure arterial flow,  arterial and venous pressure 
and construct dose responses to intraarterial narcotics,  non-narcotic 
analgesics,  barbiturates,  and amphetamines. 

b. Experimental Approach.    The experiments were conducted in both 
dogs and baboons.    Femoral arterial blood flow and arterial and venous 
pressures were monitored.    Narcotic,  non-narcotic analgesics, barbi- 
turates,   and amphetamines were injected intraarterially over a wide dose 
range and the data constructed as dose/response curves. 

c. Results and Discussion.    Thiopantal,   secobarbital,  pentobarbital, 
methadone, morphine, heroin, Talwin (pentazocine) and Darvon (propoxyphene), 
all produce dose dependent vasodilatlon when injected into the femoral 
artery.    Dextroamphetamine, a mixed adrenergic drug, produced a biphasic 
response but no significant reduction in flow occurred.    From these data 
vasospasm as an etiology for the ischemic syndrome seemed unlikely.    Sub- 
sequently excipients used in the preparation of tablet forms of the drugs 
and cutting agents used by addicts were administered intraarterially and 
sequential angiograms were performed.    Corn starch and talc each reduced 
femoral arterial flow and,  in fact,  produced plugging of the microcircu- 
lation with retrograde thrombosis of the vessels.     It appeared that 
mlcromnbollsm certainly can produce the ischemic syndrome.    Induction 
of plaJölet aggregates was studied with the Coulter T Particle Analyzer 
and no significant platelet aggregation in response to comparable doses 
of  the drugs  could be achieved. 

4. Hemodynamlcs  of Venous  Occlusion 

a.    Statement of the problem and Background.     Despite major advances 
in the treatment of arterial and combined arteriovenous  injuries,   con- 
troversy remains as to the most efficacious management of the isolated 
venous  injury or the venous injury combined with a major arterial injury. 
Clinical experience in Vietnam suggested that major peripheral venous 
injuries,   particularly in the superficial femoral or popliteal vein, 
should be repaired when possible.    However,  earlier reports of throm- 
boembolism following venous repair,  coupled with the technical diffi- 
culty in repairing veins, has served as a deterrent to this practice. 
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Previous data from our laboratory have demonstrated the deleterious 
hemodynamlc effects of femoral venous occlusion in the dog and have 
elucidated the time course and response to sympathectomy during femoral 
venous occlusion in the dog.    Since there are major anatomic differ- 
ences between the dog and man,  it was elected to repeat some of the 
studies in the subhuman primate,  baboon,  which is anatomically and 
phylogenetically closer to man. 

b. Experimental Proceüures.    Femoral arterial blood flow was 
measured electromagnetically and arterial and peripheral venous pressures 
were monitored.    The effect of femoral venous occlusion on these para- 
meters was monitored before, during (for up to five days of occlusion), 
and following release of the occlusion.    In separate stucies the effect 
of lumbar sympathectomy on these responses was determined. 

c. Results and Discussion.    The data in the subhuman primate demon- 
strate similar reductions in femoral arterial flow during femoral venous 
occlusion as seen in the dog.    During chronic venous occlusion the re- 
ductions  in flow persist for up to 72 hours,  thus  correlating clinical 
observations of a "critical" interval for venostasis.    Lumbar sympathec- 
tomy improves  the femoral arterial flow in the presence of venous oc- 
clusion without significant increases in the distal venous pressure or 
alterations in systemic arterial pressure.    In conclusion,  it has been 
suggested that major peripheral venous injuries should be repaired if 
at all feacible.    Although collateral veins appear angiographically, 
these are functionally inadequate to maintain normal flow to the injured 
extremity.     In the presence of an irreparable venous injury,  sympathetic 
denervation by epidural blockade or lumbar sympathectomy may allow an 
increased flow to the limb with relief of ischemia without deleterious 
alterations in peripheral venous pressure.    The mechanism for this is 
thought to be reduction of alpha adrenergic stimulation to the venous 
collaterals allowing further dilation. 

5.    Venous Substitutes 

a.    Statement of the Problem and Background.     In light of the ad- 
verse hemodynamlc effects outlined in the previous  section and recog- 
nizing that suitable autogenous veins are not available,for all sizes 
of injured veins,  evaluation of various potential vein substitute ma- 
terials have been carried out.    In the past,   venous prostheses have 
been studied  in the dog's superior vena cava with  the azygos vein 
ligated;   in the dog's portal vein,  or in the dog's suprarenal inferior 
vena cava with good results with a variety of materials.     In general, 
the most difficult area for venous  replacement has been the femoral, 
vein.    Prostheses which have remained patent in the other areas have 
routinely failed when studied in the femoral area.    For this reason 
our studies have all been carried oul  in the femoral venous circula- 
tion of dogs,   the area most  likely to yield data on a nonthrombogenic, 
clinically useful prosthesis.    In current clinical use for arterial 
substitutions  are collagen tubes,  bovine hoterograft      carotid ar- 
teries   (Artegraft-Johnson and Johnson),   k-iitted Dacron tubular grafts, 
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and mlcroporous teflon (Gore-Tex). Each of these prostheses has been 
advocated for difficult vascular replacement substitutions but they 
have not been studied in the venous circuit in the difficult c'emoral 
region. Previous observations in this laboratory using autogenous ca- 
nine vein placed in the femoral vein as autografts or homografts have 
demonstrated our ability to maintain 75 to 80% psrency with autografts 
and a 40% patency with homografts and the present studies contrasted 
the other materials with the previous data. 

b. Experimental Approach. Each of the above named materials was 
implanted with a suitable control in the femoral vein of dogs. Venogramf; 
were performed at 3 days, 7 days, 3 weeks and 6 weeks following the re- 
placement. This allows the evaluation of thrombosis and/or recanalization 
as well as continuous patency of the prosthetic sample. 

Graft Patency 

Post- 
Material N   Operative   3 

Autologous Vein 42    42 
Homologous Vein (Fresh) 
Collagen Tube 
Bovine Heterograft 
Gore-TexR 

Dacron, Hydron coated 
Dacron,  plain 

*Slgniflcantly  (p < 0.05) better patency than other graft materials. 

From these data,   it is concluded that there is presently no venous sub- 
stitute which favorably compares with an autogenous vein.    However, 
results in mesocaval veno-veno shunting using knitted dacron have been 
encouraging.     In a recent editorial in Surgery,  Gynecology and Obstetrics 
it was stated that all future vascular prostheses  should be evaluated 
either in smetll arteries or in the venous circuit prior to any statements 
regarding their thrombogeniclty.    We certainly concur with this editorial 
conment and will continue to study new materials for their potential use 
as venous substitutes. 

6.    Miscellaneous Studies 

Studies were completed that described the effect of adrenergic stimula- 
tion on ureteral motllity, canine femoral blood flow,  and cerebral blood 
flow.    Alpha adrenergic stimulation increased the frequency of ureteral 
contraction while beta adrenergic receptors mediated inhibition.    Both 
epinephrlne and norepinephrine dilated the canine femoral circulation at 
low dosage and  constricted it at higher dosage.     The cerebral circulation 
as supplied by  the internal carotid artery is non-responsive to intra- 
arterlal injection of adrenergic amines. 
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