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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 the he-

ginning of each report.
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Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00 In-House Laboratory Independent Research
Work Unit 105 Mechanisms of transmission of hepatitis viruses

Investigators.
Principal: LTC Franklin H. Top, Jr., MC; MAJ Gilbert R. Irwin, MC
Associate: COL Philip K. Russell, MC; LTC Alfred M. Allen, MC
MAJ Herbert E. Segal; MAJ Alan S. Morrison
SFC Milton Willhight; SSG Michael C. Callahan
SP4 Hobert L. Brown; PFC Robert Pinkerton
Hubert G. Cannon

Description

To define the epidemicology 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 i1licit drug abuse, but as described
in another section (II1-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
Tong 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,
Ist 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 1ife 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.

{ it

% 2. Serologic survey of Fort Hood personnel é
, A serologic 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 4

b) Define the prevalence of HBg Ag and anti-HBg in randomly j
selected troop units and from units with clinical cases of hepatitis y

P e PR T PRI,

c) Determine the prevalence of HBs Ag and anti-HBs in
populations at risk of acoriring 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 HBg Ag. The 16 patients with antigen
concentration sufficient for subtyping weie all HBg 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 anti-HBg 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.

T

Although the prevalence of HBg 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 serologic 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 Agt Anti-HBg

3

: Index case unit 853 1.4% 15.6%

Random control unit 1,042 0.7% 16.2% g




AMEDD personnel had the same prevalence of HBg Ag and anti-HBg as

randomly selected combat troops (Table 2).

A high prevalence of HBg 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-
tion outbreak is related to work performed.

Dental personnel routinely

wor% 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 HBg Ag

created by high speed drills.

Table 2 - Prevalence of HBg Ag and anti-HBg in AMEDD personnel

A11 AMEDD personnel
Dental Co.

No. tested HBg Ag* Anti-HBg
1,863 9% 15.6%
164 3.65% 15.2%

Correlation of serologic data with questionnaire replies revealed
that soldiers having OCONUS duty had a much greater prevalence of
anti-HBs than those of the same age without such experience
(x2 = 29 P < .001), Table 3. No difference was found for HBg Ag. No

difference was found in the prevalence of HBg Ag or anti-HBg for factors

such as quarters (on or off post), marital status, or history of blood

transfusion (Tables 4 & 5).

Table 3 - Prevalence of HBg Ag and anti-HBg based on history of over-

seas active duty tour

History of o N
OCONUS tour HBs Ag Anti-HBs

e 1.0% 19.4%

0 1.1% 1.1%
> Adjusted for age (prevalence of anti-HBs is statistically significant;

x2 = 29.0, P < .001)

Tt e L e




Table 4 - Percentage of personnel anti-HBs*+ and HBs Ag* according to
location of housing. Adjusted for age and history of OCONUS

| Location of housing % with anti-HBg % with HBg Ag Number

-t
o

1639
1319

2958

On post 17.9
off post 14.1

TOTAL 16.0

—
—

-
o

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

Marital status % anti-HBg Ag+ % HBg Agt Number
| Single 15.8 1.1 1,377
Married 15.6 1.0 1,581

TOTAL 16.0 1.0 2,958

Soldiers admitting to having clinical hepatitis at some time in

ﬁ- the past were more 1ikely to have anti-HBg than those not having

1 hepatitis (Table 6). Of interest is the comparison of anti-HBg 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 serological observation may

é 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).

L6 7 FariSon: 13
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Table 6 - Correlation of serum anti-HBg with history of clinical
hepatitis; x2c = 14.7, P < .001

Clinical Number
hepatitis % with anti-HBg tested
Yes 35.2 54
No 14.8 1,104

TOTAL 15.7 1,158

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

The serologic 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 HBg Ag and anti-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 HBg Ag and anti-HBg in
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 anti-HBg (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 1372 in order to estimate the acquisition
rates for HBs Ag and/or anti-HBg 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 HBg Ag and anti-HBs
in health personnel and may establish the risk to physicians and




hea}tg personnel of acquiring HBV infections over a 2-year observation
period.

Table 7 - Prevalence of HBg Ag and anti-HBg in officer and enlisted

health personnel attending various schools at FSH, Texas,
1973-74

Summary of FSH survey for HBg Ag and anti-HBg, 1973-74

Personnel: Number: HBg Ag Anti-HBg
tested Ad
RIA+ CEP+ cells cells
Officers 2,688 15 9 90 87
Enlisted 1,541 5 4 89 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 Willard Cates, MC. In the past 24 months, USAH,
Nuremberg, has admitted large numbers of hepatitis cases, reflecting a
hepatitis epidemic in USAREUR. From the Timited epidemiologic 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 1ab 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

i e
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2 Hood, Texas and other previously recognized Hepatitis B outbreaks in the
F ) military, including Fort Bragg, I in 1970, Camp LeJeune, i€ 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
b may be a protective effect against infection by gamma globulin contain-
A ing anti-HBsg. Whether hyperimmune 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
! No. CEP* No. CEP* No. RIA*
Date No. tested USAREUR Lab WRATR WRATR
Sep 73 30 9 20* i
Dec 73** 40 28 28 £d
Apr 74** 34 NR 7 .
TOTAL 104 65 =

*AII but 3 specimen tested (of total 65 CEP* 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




R T a—

II. Clinical research of HBg Ag

A. Spegificity and sensitivity of radioimmunoassay for Hepatitis B
antigen

Solid phase radioimmunoassay (RIA) is one of the most
sensitive and convenient techniques for detecting Hepatitis B antigen
(HBg Ag) in serum(Cossart, 1973). An unresolved problem in the use of
this technique is the level of radfoactivity in counts per minute (CPM)
that is considered a positive test. A further difficulty has been
reported recently by Sgouris (1973), Prince (1973), and Alter (1973),
who have demonstrated that many sera which are positive by RIA but
negative by counterelectrophoresis (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 misclassification of sera tested by RIA.

The sera used in this study were obtained during a serologic survey
for HBg 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 soldfers (Section I A & B). Sera were collected
from 6026 military and civilian :ersonnel with no signs or symptoms of
hepat:t}s. In addition, sera were obtained from 85 patients with acute
hepatitis.

The solid phase radioimmune assay for HBg Ag (Ausria, 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 aliquots of Tris (hydroxymethyl) aminomethane buffer. After
thorough asgiration of the remaining buffer from the bottom of the tube,
0.1 m1 of 1125 labeled GP HB Ab, was added for 20 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.

A1l sera positive by RIA (i.e., CPM >BSD above the mean of 10
replicates of the negative control) were tested in counterelectro-
phoresis against rabbit anti-HBg. A11 CEP*+ sera were checked for
HBg Ag specificity by immunodiffusion against rabbit HBs Ab and stan-
dard HBs Ag. CEP* sera were considered HBg 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 aliquots 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-HBg, normal
rabbit serum, and rabbit anti-HBs. In addition, duplicate aliquots
were run without absorption. Following incubation, 0.1 ml of the
absorbed serum was pipetted into Ausria tubes and processed as above.

10
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Since rabbit and guinea pig anti-HBg 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 anti-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 positivity (Ginsberg
1972, Ling 1972), RIA was 2.2, 2.5, or 3.2 times more "sensitive" than

CEP (positive RIA test:

mean, respectively).

>3 S.D., 5S.D. above mean, or > 2.1 times

Table 9 - Hepatitis B antigen positivity in sera from 6026 asymptomatic

people using RIA and CEP

Test results Subjects
CEP RIA No. %
Positive CPM >3 9D 48 0.79
Negative CPM > 2.1 XN 56 0.93
Negative 2.1 XM DCPM >5 5D 15 0.25
Negative 58 >CPM >3 SD 33 0.55
TOTAL 152 2.52

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.

standards used for subtyping with rabbit antisera.

11

Each of the 48 sera which were positive by CEP
as well as by RIA gave precipitin lines of identity with HBg Ag
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Absorption tests were performed to determine the specificity of RIA
positive, CEP negative sera for HBg Ag. The sera were classified as true
or false positives according to the following criteria: True positive,
sara showing an 80 percent or more decrease in CPM after absorption with
guinea pig or rabbit anti-HBs but not with normal animal sera; false
positive-antiguinea pig protein, - sera blocked by normal guinea pig
serum; and indeterminate false positive, - sera inhibited by neither
specific anti-HBg 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 "antiguinea 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-
positive 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 SD 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 SD units above the negative control mean were not
inhibited by animal sera containing anti-HBg against subtype D 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 SD 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 SD units were classified as true
positives, while only 19 (18.4%) of the 103 sera with counts between 3
and 50 SD units were so classified; 72% of the true positive sera had
CPM in excess of 50 SD units.

The sensitivity and specificity of the RIA test for HBg 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 sensi-
tive in asymptomatic individuals than in patients; however, the
difference was not statistically significant (x2 = 0.5 P > .28), and
the increase in sensitivity over CEP for patients as well as asympto-
matics was 27%. No non-specific reactions for HBg 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) 5554
Normal guineapig serum 5864
i o
, Guineapig anti-HBg 630

* D specificity

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

False positives

f' Counts True
' (SD's above mean) positives Antiguineapig protein Indeterminate
| 3- 2 (2.9) 0o - 3 (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) 0o - 0o -
100- 12 (17.6) o - 0o -
200- 10 (14.7) 0 - 0 -
TOTAL 68 (100.0) 10 (100.0) 74 (100.0)

Note: Figures in brackets represent percentages of total. Positivity 3
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

9 units

14
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Table 13 - Sensitivity and specificity of RIA for hepatitis B antigen
in sera from 85 hepatitis patients and from 6,026 asympto- y
matic people z

O

Number Number
patients Asymptomatics

True positives:

RIA(+), CEP(+) 30 48
' RIA(+), CEP(-) 8 20
TOTAL (38) (68) i

False positives:

Anti-guineapig 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.
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Abbot.t Laboratories has recently modified the RIA kit by adding
guineapig serum to the radioactive labeled anti-HBg (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 1imited
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

15
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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 initfally 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 anti-guineapig false positive
was RIA positive 3 months later, and 28 (90%) of 31 true positive
asymptomatics 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 rcaction 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-HBg used in the inkibition 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-HBg
differing specificities (anti-ayw vs anti-adw), it is possible to con-
firm not only the presence of HBg Ag but to suggest that the individual
serum was of the subtype inhibited by the appropriate anti-HBg.
Theoretically, it may be possible to distinguish HBg Ag determinants W
and R by this method (Bancroft, 1972).

For research purposes, our laboratory uses 3 SD 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 largel;'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, HBg Ag can be routinely detected
out to the level of 10-4 of 10-5 using 3 SN 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.

i xS e e M s s e S 2
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The need for further evaluatior and refinement of the RIA test for
HBg 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 for
HBs Ag

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-HBg. 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 10-15
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:

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

Abbott Hyland
A positive control (HBs Ag*) 2/3 positive 0/3 positive
B positive control (HBg Ag*) 3/3 positive 3/3 positive
WRAIR samples:

HBs Ag positive by CEP* 17/17 positive 17/17 positive
RIA*+ (Ausria) (CEP-) 5/5 positive 4/5 positive
Abbott negative control 0/10 positive 3/10 positive**

Abbot false positive 1/1 positive* 0/1 positive

*Not inhibited by specific anti-HBg

**Positive values of Abbott negative control serum fall into ratio
range 2.0-2.6

17




;& In general there appears to be a difference in detecting HB¢ Ag.
i The Hyland RIA test did not detect the A positive control (Hy]ana
g control) nor 1 RIA+ (Ausria), CEP- serum.

; r The Hyland kit did not identify the one serum known to be false
positive by Ausria. Hyland detected with greater sensitivity than
Ausria its own coded sensitivity panel, a dilution curve of HBg Ag.

Since this panel was done, Hyland has modified its anti-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 anti-HBs by passive hemagglutination (PHA) and
‘ radioimmunoassay inhibition (RIAI)
|
{

e i ont s b oo ke Loy et v s

PHA (Vyas 1970) is a rapid and sensitive method for detecting b
anti-HBs. The presence of anti-HBs is determined by agglutination of 4
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-l1ife of coated erythrocytes
(1ess than 3 days). With the development of sensitive methods for
detecting HBg Ag (i.e., RIA), it appeared that a comparably sensitive
! assay for anti-HBs might be made by inhibiting standard quantities of
, HBs Ag (RIAI) (Bancroft 1973).

i A comparison between PHA and RIAI of the sensitivity for detecting
anti-HBs was made from a serum panel identified as having antibody by

i 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 A
reactions were observed: 1) Most sera agglutinate red cells labeled 3
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

preincubated with standard HBs Ag of ayw or adw subtype. A 50% or more

recuation in counts per minute of HBs Ag preincubated with serum con-

taining antibody by PHA as compared to controls (a dilution correction

factor was applied) was taken as evidence of anti-HBg. Table 15 com-

pares the sensitivity of PHA to RIAI for detecting anti-HBs using 2

different concentrations of HBg Ag in RIAI. The RIAI test proved less

sensitive than PHA for detection of anti-HBg.

Tested were 15 szra 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
1 coated red cells. Only 4 of the 7 sera with PHA HBg g/ayw titers
b 2 512 showed anti-HBg by RIAI and but one of 8 sera with a PHA titer
4 < 3512 had antibody by RYAI. Comparable results were obtained when the
same sera were run against HBs Ag/adw.

R s
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Table 15 - Detection of anti-HBs by PHA and RIAI

Serum ﬁéAIAtiter* PHAatiter RIAI titer* PHAagiter
number s Ag/ayw red Zel]s HBs Ag/adw red cells
1:50 1:100 1:50 1:100

F-4 1:4 1:4 1:32 0 0 1:16
F-49 0 1:4 1:1024 1:8 1:16 1:512
F-52 0 0 1:128 0 1:8 1:256
F-80 0 0 1:32 0 1:4 1:1024
F-93 C 0 1:64 0 1:8 1:2048
F-96 0 0 1:512 0 1:128
F-123 1:8 1:16 1:1024 1:64 1:128 1:4056
F-143 0 1:4 1:128 0 1:8 1:2048
F-180 0 0 1:256 1:4 1:8 1:512
F-188 1:8 1:16 1:4056 1:16 1:64 1:1024
F-189 0 0 1:2048 0 0 1:128
F-200 1:8 1:16 1:4056 1:32 1:64 1:4056
F-204 0 0 1:256 0 0 1:256
F-212 1:8 1:16 1:4056 1:16 1:32 1:1024
F-220 0 0 1:128 0 1:4 1:4056

* Dilution of HBg Ag used

Sera that agglutinated only one type of HBg Ag coated red cells
(adw or ayw) showed anti-HBs only to the same subtype of HBg Ag by

RIAL.

D. Detection of antibody to Dane particle cores

Recently a second antigen-antibody system differing from
Bs Ag has been described for HBV; the antigen is the core antigen of
Dane particles (Almeida 1971). A complement fixation test to detect
anti-HB. (anti-core antigen) has been developed by Hoofnagle (1973) at
the National Institutes of Heaith. 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-HB¢.

A summary of this work is listed in Tables 16 and

17. Paired acute and convalescent sera of 10 HBg Ag* and 5 HBg 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-HB¢.
acute serum had a 4-fold or greater drop in their titer at three months.

Five of the 8 with anti-HB¢c in

Table 16 - Anti-HB; detection in Fort Hood hepatitis cases with only

acute serum specimens

HBs Ag+ Anti-HB. 3-mo. conva- Anti-HB¢
serum no. titer lescent serum titer
69 1:4 A-83 1:16
452 1M 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 A-128 1:16
HBs Ag-
serum no,
46 AC* A-103 1:4
499 AC A-108 AC AC
130 1:400 A-109 AC 1:8
66 AC A-110 4:0
179 1:16 A-114 1:16

* Serum anticomplem

entary




: - Table 17 - Anti-HB; detection in Fort Hood hepatitis cases with only

4 J acute serum specimens

% HBg Ag* HBs Ag-

: Serum Core Ab Serum Core Ab

! number titer number titer

; ‘ 2204 1:512 231 1:256
2205 1:256 2316 -

E 2206 1:4 2318 AC

f- 3 2209 1:1024 2324 -

! 2214 1:256 2328 -

: ; 2223 1:2048 2330 1:16
2228 1:4 2333 -

] ! 2231 1:32 2334 1:32

E 2242 1:256 2335 .

2243 1:256 2336 1:128

! In an additional 10 patients with Hepatitis B (and only acute serum
available for testing), 8 had detectable anti-HB. in acute serum. In
this small sample, 16 of 20 Hepatitis B patients with antigenemia had
i anti-HB..

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

These preliminary findings suggest that anti-HBc tests fn combina-
tion with assays for HBs Ag and anti-HBs may provide increased sensi-
tivity in etiologic diagnosis of HBV.

) A comparison of HBs Ag* and - soldiers with acute hepatitis at Fort
i Hood revealed no difference in levels of SGOT or bilirubin of an
average hospitalization duration of 28 vs 18 days, respectively.

St




E. Studies of HBg 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 serologic 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 families of HBg Ag carriers and

controls
Cavrijer families Control families
Number SPOUSES tested: 17 n
With HBs Ag 0 0
With anti-HBg 10 2
With past history of hepatitis 2 2
Number CHILDREN tested: 35 22
With HBg Ag 2 0
With anti-HBg 4 1
With past history of hepatitis 4 0
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2. Viral antibody titers in asymptomatic HBg Ag carriers,
Hepatitis B cases, and normal controls

The immunologic mechanism responsible for persistent HBg
antigenemia is still an enigma. Patients with known defects in their
immune system (those with 1ymphatic malignancies, leukemia, renal
dialysis patients, etc.) have a high prevalence of antigenemia. A
possible reason for the carrier state is related to immunosuppression
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 HBg 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 (HBg 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
HBg 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 HBg Ag in saliva, urine,
and stool of acute hepatitis cases and asymptomatic HBs Ag carriers for
excretion of HBs Ag.

23
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Table 19 - Viral antibody titers in acute hepatitis B cases, asympto-
matic carriers and controls
F Cumulative %
4 Virus
i 4 4 8 16 32 64
f T
1 Hepatitis B 47.6  32.3  61.8 90.3  100.00 - ;
Control 29.5  38.5  61.2 88.2  100.00 - ]
Carrier 3.2 37.4  62.4 90.5  100.00 - 4
: HERPES : 4
ﬁ Hepatitis B 38.0  42.7  47.4 n.2 95.0  100.00 3
! Control 3.0  36.2  40.7 58.8 97.4  100.00 4
i Carrier 18.7  28.0  34.2 56.0 96.6  100.00 3
1 MUMPS : ]
' ; Hepatitis B 47.6  52.3  90.3  100.00 - - E
‘ Control 38.6 567  79.4 95.3 - 100.00 :
? Carrier 37.5  68.7  84.3 93.6 - 100.00 9
f RUBEOLA: ;
| Hepatitis B 14.3  42.8  76.) 95.1 100..00 - |
Control 29.5  47.6  74.6 92.7 97.2  100.00 1
Carrier 21.8 59.3 87.4 96.7 100.00 - 4
MYCOPLASMA : 1
Hepatitis B 38.0 71.3 95.1 100.00 - - b
Control 56.8 77.2  95.3 100.00 - - q
Carrier 59.3 71.8  96.8 - 100.00 - 1
4 Cont'd on next page
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Table 19 - Cont'd

LGV:
Hepatitis B 33.3 71.3 100.00 - - -
Control 40.4 64.2 85.6 100.00 - -
Carrier 46.6 73.2 89.8 96.4 - 100.00
VARICELLA:
Hepatitis B 57.1 76.1 95.1 100.00 -
Control 23.8 61.9 88.0 92.7 100.00 -
Carrier 23.3 59.9 89.9 93.2 100.00 -

RESPIRATORY SYN:

Hepatitis B 33.3 80.9 95.2 100.00 - -
Control 19.5 50.5 93.3 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 - -
ADENOVIRUS:

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:

Hepatitis B - - 23.8 66.6 85.6 100.00
Control - 13.4 36.1 86.1 100.00 -
Carrier 3.1 15.6 37.4 81.1 96.7 100.00

Saliva, urine and stool samples were collected from the following
populations: (1) Patients with hepatitis hospitalized at Darnall Army
Hospital, Fort Hood, Texas, and at Walter 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 antigenemia for at least 3 months.

Approximately 5-10 mls of saliva, and 100 mls of first morning
urine were collected twice a week on all hepatitis cases and controls
during the course of hospitalization. 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 -20°C 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 -20°C. Convalescent samples of blood,
urine, and saliva were obtained on most acute hepatitis cases approxi-
mately 3 months later. Reagent strips (Bili-Labstix-Ames Co.) were used
to detect blood in saliva and urine. Hematest tablets (Ames Co.) were
used for testing for blood in stool.

Because HBg Ag was not found in any unconcentrated urine samples,
morning urine samples (100 m1) were concentrated 100 times by filtra-
tion across PM 30 Amicon membranes. Following the concentration proce-
dure the supernate as well as a 1-2 ml eluate of the PM-30 membrane
were stored at -20°F until testing for HBg Ag. Twenty-four hour urine
samples were concentrated 250-500 times over a single membrane and
processed as above.

Stool samples (20 Gms) were homogenized in 100 m1 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 Agt tended to increase the courts per minute of HBs Ag recovered.
EgthAacid treated and untreated concentrated samples were tested far

s Ag.

Aliquots (0.1 m1) of concentrated urine and stool specimens anu
unconcentrated saliva and serum samples were processed as described for
serum by radioimmune assay (RIA) using the Ausria 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 antigenemia. For
each experiment, in addition to these dilution curves, 10 replicates of
an HBs Ag necative control of saliva, concentrated urine, or stool
were includeu. 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-HBg) made
in guineapigs and rabbits to purified HBs Ag.
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HBg Ag was detected in the saliva of 25% of patients with acute
HBs Ag* hepatitis, 34% of asymptomatic HBg Ag carriers, and in one case,
5%, 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 Table 21.

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

4+ Number
Group Serum !2;_553_52__ samples Nﬁé ";th
No. tested  tested s Ag

Acute hepatitis HBs Ag* 5/20 84 12

HBs Ag- 1/20 66 1
Asymptomatic carriers HBs Ag* 14/41 4 14
Non-hepatitis patients HBs Ag- 0/35 82 0
Healthy controls HBs Ag- 0/77 77 0

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

HBg Ag HBs Ag not
Saliva detected 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 m1 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 antigenemic 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

HBs Ag
No. Specificity
No. with RIA samp]es confirmed

Urine samples Serum S 5
No tested  tested pogitive RIA
test
First morning urine
concentrated 100 X:
Acute hepatitis HBg Agt 4/20 73 0/6
HBg Ag- 1/18 65 0/1
Asymptomatic carriers HBs Agt 7/43 45 7/19
Patients HBs Ag- 5/35 70 0/5
Healthy controls HBs Ag- 0/67 67 0
24-hr. urine samples
concentrated 500 X:
Acute hepatitis HBg Ag* 1/3 12 5/5 ]
HBs Ag- 0/3 12 0 3
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Table 23 1ists the presence of HBg Ag in stool. Although 5 of 19
stool samples from patients with hepatitis gave positive RIA tests,
they could not be confirmed as HBg 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 HBg Ag
dilution curve. HBs Ag was found in unconcentrated clinical saliva
specimens.

Table 23 - HBs Ag in stool by RIA

Number Number Number
Serum people samples HBs Ag*
Acute hepatitis HBg Ag+ 7 1 2*
HBg Ag- 4 5 3*
Asymptomatic carriers HBs Agt 3 3 0
Normal controls HBg Ag- 5 5 0

*Specificity for HBg 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 hospitalization. This
probably is due o 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, HBg Ag was not detected in any samples of blood, urine or
saliva though 6 “ad developed anti-HBg by passive hemagglutination.
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Table 24 - Patterns of HBs Ag detection in saliva, urine and stool

Days
] 5 10 20 30 45 60 90
Patient 1 (Acute hepatitis):
Serum HBg Ag . . . . . . + + + + + + ND
Saliva HBs Ag . . . . . + 0 4 0 + N
Urine HBg Ag . . . . . . 0 06 0 0 0 0 ND
Stool Bs Ag ... ... ND 0O ND O ND ND ND ND
Patient 2 (Acute hepatitis):
Serum HBg Ag . . . . .. + + 0
No
Saliva HBs Ag . . . . . . 0 0 samples 0
Urine HBs Ag . . . . . . 0 0 obtained 0
Stool HBs Ag . . . . . . ND +** 0 ND ND
Patient 3 (Asymptomatic carrier):
Serum HB¢ A9 . . . . . . + + + +
No
Saliva HBg Ag . . . . . . 0 ND + o+ samples
Urine HBs A9 . . . . . . + 0 ND + obtained
Stool HBs A9 . . . . . . ND ND ND ND ND

*Presence of blood in saliva.
ND - Not done.
*%
Specificity for HBs Ag not confirmed.

In 1 survey, aside /‘rom serum, HBg Ag was most frequently found

in unconce- rated saliva. The detection of HBg 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 HBg 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, HBg 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, the concentration of HBs A; 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 HBg Ag are known to occur in stool

Except for tre 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 sujgest that if HBg 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.

II1. 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 HBg 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 i1l with
Hepatitis B with HBg Ag and particularly chronic dialysis patients with
HBg 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 HBg 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 1ines of identity between e Ag obtained
from the original fnvestigator (Magnius) and an e Ag standard provided
by Professor G. L. Le Bouvier of Yale Medical School; (2) a second
specificity which has been designated Z antigen 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 titer 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.

Standard HBg Ag/ayw

Serum EI4, unknown HBg Ag

Serum EI4, unknown HBg Ag

Standard HBs Ag/adr

Serum EH 421, unknown HBs Ag (also
contains antibody to e & z antigen)

Serum EH 421

Standard rabbit anti-HBg/ayw

~ O NP WN —
. o e o o o o

Figure 3 - Detection of e and z antibody activity serum EH 421; sub-
typing of HBg 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 antisera obtained from a HBs Ag/adw
carrier was found. This second Ag-Ab system appears to give a reaction
comparabie to the e Ag-Ab system in agar gel but is not unrelated to
efther 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
:s?$rta1ned. A few of the more important of these properties are as

ollows:

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

2. A peak of antigenic activity is eluted from G-200 Sephadex
slightly behind the void volume which contains the majority of the Au
antigen. Fractions containing Z antigen have been shown by precipitin
analysis to be contaminated with IgA, IgE, IgM, fibrinogen, transferrin
and alpha-2-macroglobulin (Fig. 4).

- - o e -

::'.Z \%h

Figure 4. Elution of HBs Ag from G-200 Sephadex column.
HBs Ag was detected by conventional Ausria test. "Z" Ag was detected by
immunodiffusion & the intensity of the precipitin line indicated as 1-4*
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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 centrifuging 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-1lambda (L-chain), anti-C4q,
anti-C3, 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 HBg Ag subtyping reagents

With the discovery of the w, r, HBg Ag antigenic determinants
by LTC Bancroft (now Chief of Virology, Bangkok) many requests for
typing antisera and standard antigens have been received. Because of
Timited 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, HBg Ag determinants

Name

University

Yuzo Miyakawa, M. D.

Dr. J. 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

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

Electronucieonics Lab, Inc. prepared under contract 3 HBg Ag*
plasma units, (1 adw, 2 ayw) for use in raising antisera to these HBs Ag
subtypes. Rabbit anti-HBg Ag/adw was obtained from the HBs Ag/adw
plasma unit. Antisera to HBg Ag/ayw was not obtained on the first
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attempt. Three ultracentrifugation cycles in Cs Cl1 are routinely used
to purify HBs Ag from plasma and degradation of antigen occurs in the
third cycle. Antisera to HBg Ag/ayw are now being prepared using pools
derived from the second cycle centrifugation. This method appears at
present to be more satisfactory.
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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) 7307 - 74 06 Experiments examining the influence of brain lesions on response
to mataria 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-

4 sitemia to preinfection levels. These experiments are being conducted in collaboration
F with the Division of Communicable Diseases and Immunology at WRAIR. Similar experi-

. ments utilizing diencephalic-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 LABORATCRY INDEPENDENT RESEARCH
Task 00 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 immune 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 berghei (NYU-2 strain). Twenty-four of these
rats had small bilateral electrolytic lesions of the anterior,
dorsomedial or posterior nuclei of tie 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,

43




Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00 In-House Laboratory Independent Research
Work Unit 114 Neurophysiologicai control of antibody response

Literature Cited.

References:

1. Ado, A. D. and Goldshtein, M, M.,: The effect of bilateral
destruction of certain structures of the medial hypothalamus on the
formation of complement-binding antibodies. Biull, Eksper. Biologii i
Med, 174 : 57, 1972,

2. Korneva, E. A. and Khai, L. M.: Effect of destruction of
hypothalamic areas on immunogenesis. Fiziol. Zhur., SSSR. 49: 42, 1963;
translation in Fed. Proc. Trans. Suppl. 23: 188, 1964.

3. Tyrey, L. and Nalbandov, A.: Influence of anterior hypothalamic
lesions on circulating antibody titers in the rat. Amer. J. Physiol.
222: 179-185, 1972,

44




Kahbe, o i e arar o b

B S n i

1

|
s

S—

Pll Redacted

1. ASENCY ACCESSION® 2. DATE OF sumsaRY® ABPORY CONTROL SYNBOL

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY

DA 0B 6506 | 74 07 01 DD-DRAE(AR)836
% DAYE PREV SUNRY (4 KIND OF SUNNARY $. SUMMARY ICTV' . wonx sECumTY? B ll.ﬂlﬂl" Ba DIRE'N INSTA'N B SPECIFIC DAYTA - 9 LEVEL OF suM
73 07 01 | D.CHG ] u NA NL F“;::‘“’"d“_;" & vorr vt
10 ™0 /CODES:® PROGAAM ELEMENT PROJECT NUMBER TASK AREA NUMBER WORK UNIT NUMBER
o emwany 61101A 3AT61101A91C 00 115
b CONTRIBUTING -
€. CONTRIBUTING

11 TITLE (Preceds with Sosurily Claseifisation c.‘).

(U) Behavioral Sc’ eduling in Psychosomatic Disease

12 SCHENTIFIC AND TECHMOLOGICAL ANEAS®
002500 Clinical Medicine 013400 Psychology 012900 Physiology 016200 Stress Physiology

6, PERFORMANCY METHOD |

T3. START BATE e EETNATEC CONPLETION BATE TS FUNDING AGENCY
| 72 07 Cont DA | C. In-House
VIECONTRACT/GRANY . AESOURCES ESTIMATE | & PROFESSIONAL MAN Yas | B PUNDS (In theusandn)
a oatesnrracrive:  NA CAPIRA TION: hdabid LU

b wuwsEn ® FiscaL 74 1.5 62

c TyeR. 4 AWOUNT: YEAR o

& KIND OF AWARD: 1. CUM. AMT. 75 1.0 52

'8 REIPONTIBLE DOD ORGANIZATION ] T 5 FURFORMING OREANITA TION T T

wwt® palter Reed Army Institute of Research [*~t° Walter Reed Army Inst of Research

Division of Neuropsychiatry
Washington, D, C. 20012

aoorEss:® washington, D. C, 20012

PRINCIPAL INVESTIGATOR (Fumioh SAN I U 5. Acadomic fmetimtion)
wue* Sodetz , CPT F. J.
202-576-2483

SOCIAL SECURITY ACCOUNT NUMBER:

REIPONSIBLE INDIVIDUAL
wawe. Buescher, COL E. L.
receswone: 202-576-3551

2t GENEAAL usE

TELEPHONE:

ASSOCIATE iNVESTIOATORS

: P 5 Natelson, MAJ B, H,
Foreign Intelligence Not Considered wue. Hegge, F. W., Ph.D. DA

;U; ;;erant C;;ditioA;ngin(U; ég}eggychosomatic Disease; (U) Autonomic Dysfunction;

3. TECHNICAL OsuECTIvVE.® 34 % P (Pumieh Oy mamber. Precodn taat of spsh with Secwrity Clansificatian Code.)

23, (U) This work unit ic 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 measur1§
for prevention and treatment of this class of disorders in military personnel.

HAME:

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 o
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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-
it direct observation of the gastric and duodenal wall and are being monitored for the
evelopment 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-limitcd and, after
isappearing, did not usually return, except for an acute duodenal lesion which never
ully disapagared. *Further r:search is being directed at changes in gascric physiology
orrelated with this behaviorally-induced pathology. For a technical report see
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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: CPT Frank J. Sodetz, MSC
Associate: MAJ Benjamin H. Natelson, MC;
Frederick W. Hegge, Ph.D.

Description.

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 pioperties
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 maintenance 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.




Progress.

Analysis of the behavioral variables contributing to the develop-
ment 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
crnflict, 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 hvdrogen 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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Project 3A161191AYIC IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task @@ In-House Laboratory Independent Research
Work Unit 116 Autoregulation of autonomic response

Investigators.

Principal: Frederick W. Hegge, Ph.D.

Associate: MAJ Dariel P. Redmond, MC; MAJ Albert Tahmoush, MC;
CPT John 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-
constriction 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 uecessarily
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 estimatfon 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. A1l 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, 1t should be directly relevant to the relief of
causalgia-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




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 (Weissler 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 (EKG) 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 tima, 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 1ines 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 1imb, 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 @1 @7 72 - 3@ 06 73 WU 194). 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 1imb. Finally, an
automated ultrasonic bre.:hial 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
Tittle empirical work has been reported along these 1ines.

4. Technical Progress - Photoplethysmograph

A 1ight emitting diode-phototransistor plethysmograph has been
developed in-house for the study of peripheral circulation asymmetries
associated with causalgia. The transducer combines a gallium arsenide
infrared emitting diode (LED) and a silicon NPN phototransistor 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 1n 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 ar infrared reflectance value is
obtained. This procedure represents a major advancement in the field

of photoplethysmography.
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1. 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 [1]. 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 humans [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 [6,7]. Although the major subtype antigens have been found to
be surface proteins [8], LPS antigens are also active in the bacteri-

cidal reaction.

i oo S8

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.

3 Protein antigens frow both group B and group C strains gave equivalent
: response whether the Infecting organism was serogroup B or C. Because
' of the toxicity associated with the LPS antigens we have considered

] the proteins to be the most promising antigens for a vaccine against

f 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
E (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 vesponded with HA and bactericidal antibodies.
Human volunteers occasionally showed HA response, but in all cases
no stimulation of bactericidal titers above prevaccination 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 (138I) was used for two of the lots; (b) milder
procedures were used in their preparation; (c) anmalysis by poly-
acrylamide gel electrophoresis showed fewer protein bands and lack
of degraded proteins.

Vaccine lots 138I-0 anc 138I-M-1 were derived from isolated
outer membrane of the group C strain 138I, which is the serotype II
reference strain, Lot 138I-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-SOAP 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 138I-0 as judged by polyacrylamide gel electro-
phoresis, but they were less highly purified. Lot B-60-SOAP 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 thai 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. Opsonization of N.

immune rabbit antiserum (#737)*.

eningitidis 1381 (group C) by

meningitidis

Phagocytic
Rabbit antiserum raised to: Serum dilution reduction**
1381 whole organism
preimmunization 1:10 -0.46
postimmunization 1:10 2.81
1381 protein
preimmunization 1:1v -0.52
postimmunization 1:5 0.92
1:10 1.57
1:50 1.19
1:100 1.20
1:500 -0.41
1381 protein 1:80 -0.54
(no PMN's)
(column purified 1:80 1.48
antibodies)
1:160 0.67
1:320 0.28

* Phagocytic assay consisted of human polymorphonuclear
leukocytes, human serum absorbed with 1381 served as source

of complement.

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




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. ¢pecificity of rabbit serum opsonins
following immunization with 1381
purified protein antigen.*

Absorbing antigen Phagocytic index™*
(log 10)
None 0.82
Group C bacteria 1381 -0.82
% protein 1381 -0.79
g protein  35E 0.94
3 protein 118V 0.60
%; Group B bacteria Bll ~0.62
f, protein  Bll -0.51
;.J -

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 minute 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 fcr group C polysaccharide). Both the
whole organism and purified protein from group B strain Bll removed
opsonic antibody from the 1381 serum. Thus, the knuwn bactericidal
cross reaction (factor II) of Bll with 1381 appears to be due to a y
comuon surface protein. ]
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The four vaccine lots were all found to be effective in
protecting mice against a lethal challenge of viatle meningococci
(strain Bll). The EDsg ranged from 2.3 mcg to 11.6 mcg.

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 mcg 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 immunoglobulin
classes of human meningococcal antisera.

A deficiency of serum bactericidal activity against pathogenic
strains of N. meningitidis 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 antihumcn 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 fractionms.

Serum IgA purified from convalescent sera of patients infected
with serogroup B, C or Y meningococci was shown to inhibit comple-
ment mediatec 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 immunologic standards for meningo-
coccal polysaccharide vaccines.

Group C meningococcal 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) Immunologic tests for specificity (immunodiffusion and hemag-
glutination against meningococcal 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 toxicity and bacteriologic 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 WRAIR 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 5.2x105 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 5.6x109 and Kav 0.228 = MW 2.2x106. Lots
C-6. 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 meningococcal polysaccharide vaccines:
size and antibody responses*.

Molecular

Human antibody responses

L ey Hemagglutination
Vaccine Lot No. (Kav) ** No. tested 7% 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 0.266 119 96 =
Squibb
c-7 0.228 123 93 378
c-8 0.241 29 100 =
i Antibody responses at 14 days after 50 microgram dose.
. Ve-Vo

Kav =

Vt-Vo

el Radioactive of binding assay. Geometric mean titer 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 E
protection (although not as a controlled study). 7

3 Since the only antibody assay which has been shown to correlate

k with immunity is the bactericidal test [9] it was of interest to

F: observe that there was not a perfect correlation between bactericidal

] responses and the other assays (Table 5). The sera from volunteers

i who received lot 512 was also tested at Merck Laboratories in a -

] standard bactericidal test and the same percentage (84%) of significant 3
]

responses was found.

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

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 ;
B A vaccine developed antibodies to A antigen only, no antibody rises ]
were noted when these sera were tested with group C antigen. P
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 q
3 noted that several individuals who had received group A vaccine 3”
3 developed anti-C antibodies. A more thorough analysis of the .
A 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

Lot A-8 was tested at Fort Lewis where only prevaccination

weeks.
Data in

and two week postvaccination specimens were collected.
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

2NN
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been related to carrier infections not identified by culturing at
two week intervals.

F Group A vaccine preparations were tested for group C antigen

3 content by means of the sensitive hemagglutination-inhibition (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.

E 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

1 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 ugm sialic acid was detected. This
is in very close agreement with the HI assay.

Four lots of group B polysaccharide (B-405-30K, B-40-SFP, B-30, ;
FP-IAD and B-29 Sevag) were tested at 1000y/ml and had no group C 1
activity. Two lots of A polysaccharide produced by National Drug 3
Co. were also tested: Lot #3 had no group C activity; Lot #6 had ;
approximately 0.2y C per 1000y A polysaccharide.

To test the assumption that the seed culture of group A meningo-
ccccus had been contaminated with C organisms, a new A culture was 1
prepared by picking a single colony of the A-1 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-1 and two batches g
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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 0.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-1 may have been contaminated
but that C organisms did not always grow to sufficient numbers to
produce recoverable amounts of group C polysaccharide.

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. Gotschlich in four liter flasks (100 ml of
culture); lot A-6 was produced by the Department of Biologics 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.

Sialic acid does not appear to be a constituent of the group A
meningococcal endotoxin. Dr. F. A. Wyle prepared group A endotoxin
by the phenol-water method and found no sialic acid in it while endo-
toxin of both groups B and C wers found to contain sialic acid.

The source of the group C polysaccharide in three of four lots
of group A vaccine is unclear. It seems unlikely that the A organism
contains sialic acid or that the mannosamine subunits of the A poly-
saccharide could become converted to sialic acid during the extraction
procedures. It is possible that some vials of the A-1 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-1, perhaps in an
anti-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 polysaccharide since the highly charged
polysaccharide 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
toxicity or interference with group A immunogenicity is apparent.

In fact, it is of considerable interest that such small amounts of
group C polysaccharide are so highly immunogenic; ie, 0.02-0.03 ugms
in lots A-7 and A-8 produced group C antibody rises in 50-757% of
recipients, and double this quantity (lot A-8 100 pgm) 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
polysacchride (Squibb A-7 and A-8), group C antibody -esponses 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. Grour 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-National vaccines
developed group C antibodies at 14 days, these were considered to
be free of Cpolysaccharide 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 ug 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 antipolysaccharide 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 terms
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 polysacchride 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 polysaccharides.
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5. 'Egidemiolqu of meningococcal disease.

Cases of meningococcal 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. Meningococcal disease - reported cases and sero-
groups, 1971-1973, Army active duty.

No. cases

Year reported B c Y 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, meningococcal 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 identitied in Western Canada, Finland, Eastern Europe, as well
as sub-sahara region of Africa and South Africa. Many group A strains
are resistant to sulfonamides 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 opsonizing 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.
Serologic 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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Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT
RESEARCH

Task 00 In-House Laboratory Independent Research
Work Unit 122 Radioimmunoassay methodology for drugs of abuse
Investigitors.

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 radioimmunoassay 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 Radioimmunoassay.

Two distinct radioimmunoassay systems have been validated and are
presently supporting various research projects throughout the WRAIR.
Details of antibody production and preparation of morphine-I 25 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 radio-
immunoassay system (referred to as morphine-3-RIA) uses antiserum
from animals immunized with 3-carboxymethyImorphine-rabbit serum
albumin and morphine—l125 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
mor‘phine-l125 in the morphine-3-RIA, instead of tritiated dihydro-
morphine, is advantageous because of the eas~ 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.

AEEIications.

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 valents per ml and in most
subjects gradually fell 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 aiso 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 princinal investigator; however,
all of the basic objectives of the unit were acc )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 chromatographic procedure for
the sep.~ration of morphine, heroin, 6-monoacetylmorphine and morphine
glucuroni.  This procedure, used in conjunction with the existing
morphine-3-RIA, should allow the specific quantitation of these com-
pounds in both plasma and urine.
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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 Rcsults.

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 metabolically concentrated
in cells (2K, 86Rb), and also the rate of disappearance of diffu-
sible indicators (8°Kr, D20) are standard methods for estimating
local blood flow. The research program of the Dept. of Cardiorespi-
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 cf
physiological and metabolic function. Although the disappearance of
an inert gaseous indicator meets most of these criteria, the usual
method agglied to capillary blood flow in the heart, washout of

85kr or 133xe 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
miniat ire blood flow detectors was begun in 1968. Lithium-drifted
silicon semiconductor diodes were used to fabricate detectors which
had acceptable biocompatibility and durability but which were only
marginally useful because of a low signsa)-to-noise ratio. When
avalanche diodes became commercially availille fn 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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Figure 1. Schematic diagram of semiconductor radiation detector

1 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 m? .
| Although the manufacturer recommends that these units be encapsulated
in RTV silicone 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
silicone 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
4 waterproof. Three small metal rings were attached to the case to
facilitate suture to the epicardium. A shielded 2 mm diameter
coaxial cable terminated in a specially-designed fully-shielded
coaxial connector.

b S il SN S ol £

The devices have been used to measure capillary blood flow in the
heart of pentobarbital-anesthetized and consicious 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 epicardial
radiation detector.

Units failing at this time consistently have moisture inside the
cable and marked by decreased resistance. Several units have been
restored to operating condition by drying in a vacuum dessicator

for 1-2 weeks. Substitution of polyvinyl chloride for silicone
rubber as the cable insulator did not solve this problem, and poly-
vinylidene 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 precordial counting in that they are
monoexpoential to 10-20% of peak (Fig. 2), whereas clearance curves
obtained by precordial counting can be approximated by a single
expoential only to about 50% of peak. The high sensitivity of the
detectors, coupled with the delivery of radioisotopic gas by close-
arterial injection minimizes the amount of isotope needed (2 mCi
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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unsuited 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 lithivm-drifted silicone diodes,
whose resistance is 100 times lower, in detectors for long-term
implantation in conscious animals,
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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 diarrheal diseases, Salmonellosis and Shigellosis. 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
i include profusion models using rhesus monkeys and rats and in vivo rabbit ileal loop
3 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 salmonellosis and shigellosis. However, invasion is not suf-

A ficient since certain invasive non-diarrheagenic mutants have been identified. Salmon-
ella and shigella both activate adenyl cyclase and cause increased intracellular cyclic
AMP accumulation., This 1s directly related to the absorptive and secretory defect.
Adenyl cyclase activation by salmonells and shigellae can be inhibited with the anti-ir-

flammatory drug, Indomethacin, an inhibitor of prostaglandin synthesis, whereas the ac- b
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 shigellae 1
invasion to adenyl cyclase activation. This is currently being investigated. For 4

technical report, see Walter Reed Army Institute of Research, Annual Progress Report, i
1 Jul 73 to 30 Jun 74. A
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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 alwo 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 eo 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
amino acids by causing biochemical abnormalities 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 lcop syndrome (10).

Other studies in experimental blind loop syndrome considered the
effects of small intestinal bacterial overgrowth. Studies showed
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that those bacteria caused morphologic damage to the brush border,
mitochondria and endoplasmic reticulum, A manuscript has been pub-
lished (9).

A large review article is in press which deals with general con-
siderations and specific insights iInto pathogenic mechanisms of
infectious diarrtieal diseases (12).

To define the probable sights of small intestinal secretion and
absorption, villus cells were isolated sequentially from the villus
tip to the small intestinal crypt. One enzyme known to be associ-
ted with electrolyte and probably water transport, Nat-K -ATPase,
was studied in isolated villus tip and crypt cells, A significant
gradient of decreasing activity from the villus tip to crypt was
found for Nat-K*-ATPase. This was true in both the jejunum and
the ileum and the jejunal villus tip activity was considerably
higher than that in the ileum. 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 btacterial invasion of the intestine,
the HeLa cell tissue culture line was studied as an in vitro
model for invasion of cells by Salmonella typhimurium. It was
shown that various strains of Salmonella typhimurium 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 pathophysiology 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 Saimonella 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 mes:engers, may participate in secretory events,
Current studies are being undertaken to find these processes., The
paper describing the pathophysiology of Salmonella diarrhea in
rhesus monkeys has been accepted for publication (14).
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Similar studies of the pathophysiology of Shigella 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 possiblity of a humoral messenger
was suggested by the fact that the intensity of transport abnorma-
lities did not necessarily ccrrelate with bacterial overgrowth of
the affected site, Two abstractc were published this year on this
subject and one manuscript has been submitted for outlication

(4,5,15).

Flux studies were performed which detailed the unidirectional
movement of electrolytes across isolated ileal mucosa invaded by
Salmonella typhimurium, This study demonstrated that the electro-
lyte transport abnormalities were very similar to those arsociated
with cholera inrections and known to be related to changes in
intracellular cyclic AMP, That paper has been published (8).

Additional studies designed to further delineate the biochemical
mechanisms of Salmonella and Shigella mediated secrztion were
performed. These examined the activation of adenyl cyclase and
the stimulation of intracellular cyclic AMP mediated by experi-
mental salmonellosis and shigellosis. We found that the invasive
enteropathogens, like the toxigenic cholera, stimulated adenyl
cyclase, We were able to inhibit that stimulation with Indometha-
cin, This strongly suggested the involvement of prostaglandins 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
enteropathogeric diarrheal diseases, Indomethacin, an inhibitor

of prostaglandin synthesis, was used. Indomethacin completely
abolished Salmonella-mediated fluid secretion in the rabbit ileal
loop model and markedly reduced the secretion secoadary to shigel-
lae, cholera toxin and cholera organisms. 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 assoclation of hexokinase to rat liver mitochondria. It
considered for the first time a kinetic relationship between an
associated enzvre and the srpply of subscrate by respiring mito-
chondria., It is 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 prostaglandin syn-
thesis, Full thickness colonic and jejunal segments were compared
with mucosal scrapings for prostaglandin synthetic capacity. Full
thickness fractions were considerably more active suggesting the
intestinal smooth muscle may have a higher prostaglandin turnover
rate than intestinal mucosa (20). Further studies will examine
prostaglandin synthesis in infected mucosa.

Conclusions and Recommendations,

We have now learned that the biochemical response to salmonella
and shigella 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 invusive 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 shigella but had no effect on the acti-
vation of adenyl cyclase mediated by cholera, It is likely that

a messenger such as prostaglandin play a role in the activation

of adenyl cyclase by salmonella and shigella, 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
ileal 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 assoclated with fluid electrolyte transport such as
Nat-k*-ATPase and adenyl cyclase and attempted elucidation of the
role of prostaglandins in the intestinal secretory processes,
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Investigators.
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Associate: MSG Vaughn G. Ayer; PFC Kenneth P. Armold, B.S.;
Billy G. Bass, M.S.; Ann R. Berman, B.S.;
Betty J. Boone, Ph. D., Nesbitt D. Brown, B S.;
SFC James R. Carr; SP5 Gary L. Catchen, B.S.;
CPT James A. Cella, MSC; John I. Davis, B.S.;
LTC Gale E, Demaree, MSC; James E. Doolittle;
Laurence R. Hilpert, B.S.; SP5 John H. Ibbotson;
Leo Kazyak, B.S.; CPT James A, Kelley, M3C;
SPl4 Aubrey L. Kiser, B.S.; SP4 Edward F. Kenehan BeSa}
Robert T. Lofberg, Ph.D.; PV'I‘ Leighton C. Makanui
SP4 Burton L. Markham, B.S.; Edward J. Matusik, BS
Jean E. Matusik, B.S.; SP5 Michael E. McKay;
SP4 James P. McGrath B S.; MAJ William E. Neeley, MC;
SP4 Howard Nelson, B.S.; Dominic F. O'Donnell;
Robert C. Permisohn, M.S.; SP5 Lloyd B. Salt, B A.;
Helen C. Sing, M. S., SP5 Steven J. Welse, B. S.

The objectives of thls work unit are to develop and exploit new labora-
vory methods for application to automation in order to provide rapid,
rreclse and accurate qualitative and quantitative chemlcal analyses in
support of military medicine. During the reporting period, efforts
have been focused on the followlng areas:

1. Automated miniaturized continuous flow microanalytical systems.

2. Application of electronic programmable calculators to on-line
clinical laporatory analyses.

3. High performance liquid chromatography applications.
4, Computer controlled gas chromatography applications.
1. Automated minlaturized continuous flow microanalytical systems.

a. Deslgn and operestion of a signal comparator to Increase
efficiency of continuous flow analyzers. A signal comparator has been
designed and developed that allows the bubbled stream of continuous
flow analysls to remain intact as 1t passes through the colorimeter
flow cell. This bypassing of the debubbling stage in the analysis

92




stream improves the efficiency of these analyzers. The signal compara-
tor eliminates the bubble artifact from the photodetector signal while
allowing the signal produced from the fluld segment to remain intact.

Parallel glucose analyses on 94 randomly selected sera were per-
farmed 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 camparison is:

Y (System II) = 0.9840 X (System I) + (-1.3211) mg/100 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 performance of a minlaturized high speed continuous
flow analyzer. Design and testing of a high speed miniaturized contin-
uous flow analyzer has been completed. The analyzer, using the com-
parator described above, 1s capable of analyzing samples 3 to 25 ul in
volume with a reagent consumption of 180 ul/sample at a rate of 150
samples/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 performance with two
other continuous flow analyzers 1is given in the summary below.

Comparison of System Performance

Sanple Silze Reagent Cost

Instrument An2lysis Rate (ud) (Cents/Test)
AAT 60/hr 67 2.8

AA IT 60/hr 67 0.8
Mini-System 150/hr 22 0.14

The marked reduction in sample size makes the system ideal for micro-
analyses, especlally 1n the pediatric clinical laboratory, and in any
other situation where small sample volume 1s 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 Corning Flame Photometer




(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 COp were analyzed
using a newly deslgned colorimeter employing the signal 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 sample volume is 56 ul. The total volume of
reagent consumed by all four channels was less than 500 ul/sample. The
coefficient of variation ranged from 0.4% to 2%.
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2. Application of electronic programmable calculators to on-line clin-
ical laboratory analyses.

a. Use of programmable desk top calculators for on-line acquisition,
computing and printing of results from single- and multl-channel labora~
tory Instruments. The use of a low cost programmable 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, Yor single-channel continuous flow analyzers operating at
rates up to 300 samples/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 Iinstruments
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 avallability 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-
i1zed, automated system has been developed for handling test requests,
on-line data acquilsition, processing, reporting and patient file
storage for the clinical laboratory. Numerical data from patient
requisitions were entered into a programmable calculator (Hewlett-
.Packard 9810 A) by use of a hand-held optical scamner. Programmable
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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 programable calculator (Hewlett-Packard Model 9830)
to merge the test results with patient requisitions. The merged data
were transmitted directly from the larger calculator to a remote time-
sharing camputer for storage and recall. Patient data can be recalled
for display on CRT terminals in hospital wards and may be permanently
listed by a high speed printer. The total system was demonstrated and
the parts of the system not requiring the large computer are presently
undergoing operational testing by the staff of the Clinical Pathology
Laboratory of the Walter Reed Army Medical Center.

3. High performance liquld chromatography in the study of p-amino-
benzolic acld metabolism.

A simple, rapid high performance llquid chromatographic method has
been developed for determining p-aminobenzoic acid (PABA) and some of
its metabolites in physiological fluilds. The glycine conjugated and
acetylated metabolites of PABA, p-aminohippuric acid (PAHA), N-acetyl-
%-aminobenzoic acid (N-A-PABA) and N-acetyl-p-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 commercially available high performance liquid chromatograph was
modified to operate at a 7-fold decrease 1n column pressure with no
noticeable degradation in resolution of the compounds of iInterest. A
one meter stainless steel colum, packed with an anlon exchange resin
was used. Compounds were detected with the standard 254 nm detector.
Elution was accomplished with a sodium formate buffer within a 20-min

period.

The system was evaluated for clinical application. Human volunteers
ingested 2.5 gms of PABA orally; urine and serum specimens were collected
and analyzed. 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 min post-administration)
and did not disappear until 5 hrs post-administration (p.a.). N-A-
PABA began to form 30 min 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 ot PABA. Additional studies
of the excretion patterns of PABA and metabulites are planned using
patients in various stagesof renal disease.
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Computer controlled gas chromatography studles.

Four automated gas chromatographs have been interfa:ed to an on-
line real-time computer system and are functioning satisfactorily. The
analyses of over 150 plasma specimens for valium (diazepam) were per-
formed on the system. The system 1s now being programmed to operate in
a multi-programmed 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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Task 00 In-*louse Laboratory Independent Research
Work Unit 185 Speciation of biomolecules by mass spectrometry

Investigators.
Principal: LTC Douglas J. Beach, MSC
Associate: Billy G. Bass, M.S.; LTC Gale E. Demaree, MSC;
Laurence R. Hilpert, B.S.; Leo Kazyak. B.S.;
CPT James A. Kelley, MSC; Robert C. Permisohn, M.S.;
SP4 Steven J. Weise, B.S.

The objective of this work unit 1s to develop and establish methods and
analytical techniques for the detection, ldentification, characteriza-
tion and quantitation of important biochemical compounds and their
principal m-tabolites using coupled gas chramatography-mass spectrametry
systems. The major effort during the past year was in the following
areas.

1. Characterization of ll-hydroxy-aA9-tetrahydrocannabinol.

2. M2thaqualone metabolite characterization.

3. (ollaboi ative mass spectrometer research activities.

4. Equipment performance evaluation.

1. 1l-hydroxy-A9-tetrahydrocannabinol (11-OH-A9-THC).

The metabolic fate of tetrahydrocannabinol (THC) and, more specific-
ally, its major active component A9-THC, is at best Incompletely mis-
understood. A study was initiated tc characterize and quantify THC
metabolites and to describe the time dependency of thelr appearance in
human body fluids obtained from marihuana smokers. Marlhuana contains
a camplex mixture of closely related natural products. Only a small
dose (less than 3 mg) of the active conmponent 1s required to produce
psychotropic effects, and all the presently known metabolites are
excreted as glucuronides.

Carmnabidiol, cannabinol, and 11-OH-A9-THC were characterized by gas
chromatography and mass spectrometry as the free compounds and their
respective trimethylsilyl (TMS) and heptafluorcbutyro (HFB) derivatives.
Gas chromatographic studies with the HFB derivatives of THC and 11-OH-
A9-THC indicated that 0.5 to 10 nanograms can be detected in standards
by electron capture. TMS derivatives produced too many extraneous sub-
etances for reliable detection at anticipated urinary levels. An
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extensive study of various extraction procedures was made to determine
the optimm conditions for recovery of 11-CH-A9-THC from urine. Aqueous
standards at a concentration of 1 ug/ml gave recoveries of 75-85% using
2% isobutanol in chloroform at pH 5. However, urines to which 11-OH-
A9-THC had been added gave lower extraction efficlencles indicating
possible adsomption or binding phenomena. Some Interference with the
derlvatization reaction necessary for electron capture with gas chroma-
tography may have contributed to recovery difficulties. This aspect of
the problem 1s still under investigation.

Twenty ml of a pooled urine of a marihuana smoker, collected 3-U hrs
after a reefer had been smoked, were hydrolyzed, extracted and analyzed
by GC-MS. Cannabinol was 1dentified in relatively large amounts com-
pared to a small concentration of 11-OH-A9-THC. A carboxylated metabo-
lite was detected that 1s presumably ll-carboxymethyltetrahydrocannabinol.
This compound was esterified by ethereal diazomethane to further confirm
its carboxylic characterdstics. These cannabinoid components of the
urine extracts were determined Ly mass fragmentography of characteristic
ions, correlated with standarcilzed retention data, and confirmed by
comparison of the complete mass spectra of each gas chromatographic peak
iIn question with standardized library spectra.

2. Methagualone.

In collaboration with the U.S. Alr Force Europe Drug Abuse Detection
Laboratory, urine specimens from suspected methagualone users were
studied for methaqualone metabolites, in order to test possible correla-
tion in excretion of methagualone and 1ts metabolites. Gas chromatography
and combined GC-MS were used to resolve the complex mixtures of metabo-
1lites that were present in the samples analyzed. Because of the wide
range of polarity, two packed colums with samewhat different liquid
phases (OV-1 and OV-17) were necessary to separate the mono- and di-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 tri-
methylsilyl ether derivatization prior to analysis by gas chromatography.

Quantitative data have been obtained on methaqualone and four of its
metabolites. The principle netabolites are 3'-hydroxy methaqualone,
4'-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
significance was attached tc these compounds, and no attempt at quanti-
fication was made. The concentration of methaqualone was 1ln a range
of 0.28-10.00 pg/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 glven specimen. With the exception of
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two urine specimens, there were considerably high concentrations of the
ring-hydroxylated metabolites (3'- and 4'- hydroxy methaqualone) than
the side chain substituted ar.alogues.

The distinctlve 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 pattermn 1s certalnly important for identifi-
cation purposes by gas chromatography, especlally when low levels of
methaqualone cammot be distingulshed fram 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 attempt to relate the quantity of each metabolite to Ingestion
time and dose.

3. Collaborative mass spectrometer research activitles.

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

4, Equipment performance evaluation.

Mass spectrometry is rapidly becoming a valuable new tool in the
biomedical and organic chemical analysis armamentarium. The highly
complex 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 pharmacokinetics. However, little 1is 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 1s 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 samples were analyzed. The
sources of these samples are glven below:
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Source % of Total

GC-MS laboratory by, o
System tests and calibration 11.8
Division of Biochemistry 26.4
Extra-divisional (WRAIR) 17.8

The time devoted to system tests 1s also divided into two categories:

Optimization 7.4%
Trouble-shooting b.ug

The operational rellablility of tte system 1s summarized below:

Fully operational 128 éays  63.0%
Partially operational 37 days 18.0%
Inoperative 38 days 19.0%
Total working time 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 faillures occurred during this period with only one con-
sistent pattern discemed. The electron source filament was replaced
three times. This problem appears to be common 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
antimalarial drugs is an essential part of the Army Drug Development Program.

3. TECHNICAL omECTIVE.® 20 n (Pumiak

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
systemg in-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 antimalarial
compounds used from several chemical classes were found to {nhibit the growth of
cultures of microorganisms causing dental plaque. None, however, were effective {n
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 chloroquine-primaquine drug diet regimens. One of the C:P
ratios used was 20:3, 1.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 Regsearch Annual Progress Report, I Jul 73 - 30 Jun 74.
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Investigators.
Principal: LTC Kenneth E, Kinnamon, VC
Associate: 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 chloroquine and 45 mg
primaquine 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 sulfonamides no
more than half of the compounds in each class were active. Primaquine
was active; chloroquine was not, Folic acid antagonists used were
three 2,4 diaminopyrimidines; three 2,4 diaminotriazines; six 2,4
diamino, 6 sulfur-substituted quinazolines; proguanil and nitroguanil,
All six quinazolines and one each of the pyrimidines and triazines
were inactive. The quinoline-methanol designated WR 142,490 1 _-(2-
piperidyl)-2,8-bis(trifluromethyl)-4-quinoline-methanolil and 4-4!
diaminodiphenyl 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-1,2-
dimethoxy benezene.

0f 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.
Chloroquine was used alone at levels of 100-, 500- and 1000 mg/kg of
diet; primaquine alone was used at 15-, 75- and 150 mg/kg of diet;
chloroquine plus primaquine 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 immunosuppressive 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., antimalarial properties, may algo have immnosuppressive 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 immune reaction under the condition of the asgsay system. In the g

; system the recipient host i{s young enough at the time of transplantation that it is j
3 not yet immunologically competent and is therefore tolerant of the foreign cells. 5
: This system has been employed to assess the immunosuppressive properties of the 1
'- antimalarials chloroquine (WR 1544), WR 30,090, WR 33,063 and WR 122,455, None of ,1
. these compounds demonstrate immunosuppressive properties, For technical report see 1

Walter Reed Army Institute of Research Annual Progress Report, 1 Jul 73 - 30 Jun 74.
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Investigators,
Principal: LTC Kenneth E. Kinnamon, VC
Associate: 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 asgsay system. In the system the
recipient host is young enough at the time of transplantation that it
is not yet immunologically competent and is therefore tolerant of the
foreign cells.

The assay for immunosuppressive activity consists of recording
the spleen and liver enlargement which results in the recipients
after trangplantation 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) F;.

The system has been used to assess the immunosuppressive prop-
erties of the antimalarial compounds, Chloroquine (WR 1544), WR
30,090, WR 33,063, and WR 122,455. None of these compounds demon-
strate immunosuppressive properties.
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23, (U) Research is directed toward investigating the pharmacology of premising
dicinal aliphatic amines, drug interactions, developing and refining animal models for
he 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
rugs. The goal of this research is to develop a highly effective, non-toxic drug which
ould be useful in the treatment or prevention of arrhythmias occurring spontaneously or
s a complication of therapy or injuries involving military personnel.

(U) Drugs are tested in animal models for efficacy in preventing or treating experi-

24,
These may be induced by exogenous catachol-

Eental arrhythmias and associaced problems.
mines or by injury.

25. (U) 73 07 - 74 06 The mechanism of bradycardia induced by intravenously injected
WR 2823 was investigated in anestnetized cats; results of drug pretreatment and of spina
ransection indicate that the effect may be mediated by an action on central vasomotor
enters. WR 2823 promotes marked reduction in mortality in mice subjected to rolling
rauma 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.

PREVIOUS EDITIONS OF THIS FORM ARE OBSOLETE. DD FOARMS 14904 1 NOV o8
AND 1498-1, 1 MAR 68 (FOR ARMY USE) ARE OBSOLETE
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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 3

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 clcosely 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-1 mice (Charles River) weighing 23-28 gms were
used as experimental animals and were housed in tlecir home cages in
groups of 20 with routine laboratory food aud water ad lib. The
mice were exposed to automatically timed, alternating 12 hr periods
of illumination (0730-1930 hr) and Jdarkness. 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 0.0l
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 of 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 in diameter and 8 inches wide eénd 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 I. rotates the
mice are caught by the shelves 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 E. coli endo-

toxin (Difco Lab.) in 0.9% saline solution and administering it
i.p. at a constant dose of 600 Mg 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

24 hr after challenge and lethal for 30 to 100% of unprotected mice
by 96 hr after administration. Since deaths 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 pl to 100 pl 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 before 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.

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 WR 2823 in human shock condltlons 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:

45 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

112

- > e St Nt sl




(2.5 mg/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);

M reserpine (0.1 mg/kg, 2 injections, 48 and 24 hr); lyergic acid
diethylamide (50 pg/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 period} 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-
1 ment and again before administration of WR 2823. Changes in these
- parameters were also determined at 1, 5, 15, 30 and 60 min after
f. 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 pg 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:

L T T =

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 sunmarized in Table 7. Changes were noted to
begin during ihe 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 ele~ted. 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: . : of between 36
to 60 mmHg. The changes in heart rate were much ! .
than those seer in control animals, and at the end of 60 min were
at or above pre-phenoxybenzamine levels in all 3 experiments.

Within S 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 irhibited. The injection of WR 2823
produced a 28% to 4t% 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 (4), lysergic
acid diethylamide (4) 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 4 min period. The cardiodepressant effects appeared before
the injection was completed. Doses as low as 12.5 mg/kg have been
shown to lowzr blood pressure and heart rate in the rat (Herman et
al, 1971). The magnitude of the fall was similar to that seen after
Eg'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

B 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. 3

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 3
rule out stimulation of the Bezold-Jarisch reflex mechanism which 4
F 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 3
that pretreatment with the antihistaminic diphenhydramine failed to 3
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
1 of WR 2823, suggesting that the release of 5-hydroxytryptamine is §
also not involved in the responses. These results tend to suggest 4
' that the locus of the hypotensive response resides with the sympa-

‘e thetic nervous system.
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WR 2823 has been shown to possess alpha-adrenergic blocking 3
properties (Heiffer et al, 1969). However, this action required 30 y
to 60 min to develop and thus could not be responsible for the
immediate alterations in blood pressure and heart rate. When the E
peripheral portions of the sympathetic nervous system were blocked 3
with either phenoxybenzamine or propranolecl, WR 2823 administration gl
still induced hypotension and bradycardia. However, some components i
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 i
reserpinized cats. In these animals both the hypotension and :

: bradycardia were less than in the untreated controls. Reserpine, by g
A biogenic amine depletion, alters sympathetic nervous system activity i
' both peripherally and centrally. a

That higher autonomic centers may be involved has been

F suggested by the demonstration of both blood pressure and heart rate
3 increase after WR 2823 in spinal transected or ganglionically

] blocked aiimals. 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

D et o
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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 a-methyldopa
(Henning, 1969), L-dopa (Henning and Rubenson, 1970) and clonidine
(Kobringer and Walland, 1967) have centrally mediated hypotensive
effects. Also, intracisternal 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

il

Protection of Mice Against the Lethal Effects of
Contusive (Tumbling) Trauma in the Noble-Collip Drum by
Pretreatment with 50 mg/kg WR 28232

P
A
-
i
ke
:
-
b1
E

1
1 % Cumulative Mortality P ﬁ
4 Series No of Agent No. at Hours Post-Injury valued
4 Expts (1.p.)P of
€ Mice 0° 0.16 6 24 u8
3 I 10 Water 120 50 62 55 61 72
WR 2823 B 120 6 7 8 8 8 <.001

e cm——

II 8 Water 90 72 72 73 77 81

WR 2823 AC 85 26 3l 33 36 40 <.001

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

i III 5 Water 7% 70 73 76 80 82

1 WR 2823 AC 75 24 31 32 40 45  <.00l
Ki WR 2823 AB 75 17 24 25 29 32 <.001
1 Total 23  All water  28Y4 LT R

3 of

3 Series All WR 2823  uu0 18 22 23 26 29 <.001

dDuration of trauma was 15 minutes.

bInjection volume always 0.0l ml/gm of body weight 15 minutes
before trauma. 3

CAt termination of tumbling. ;

dprobability (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

4 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 Virus to Liposomes Derived from the Red Blood Cell
Membrane

T ST

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
4 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).

i Studies on roles of liposomes of different immunologic 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 microcuries 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 hyperimmune ascitic fluid
prepared according to the method of Brandt, et al. (7) and modified to
include Sarcoma 180 cells for the induction of 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 ul of liposome dispersion containing
1 umole of phospholipid phosphate as measured by the phosphate assay of
Gerlach and Deuticke (15).

In a typical assay, 6C0 ul of the appropriate buffer, 100 ul of
liposomes dispersed in this same buffer, and 100 pl 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 ul 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
neutralizing 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 1

pH stability of the virus-liposome complex

pH of Initial Mixture Final pH % Virus Bound
5.8 5.8 94
5.8 6.7 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 37° 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.

g
i
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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. Radiolabelled 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.
3 100 ul of sheep erythrocyte ligosomes 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-HC1-NaCl buffers were prepared as follows. 10 ml
of 0.16 M sodium barbital-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 ul sheep erythrocyte liposomes, swollen in the
indicated buffer at the appropriate pH, werc 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-amine (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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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 experimertal animals and
man. The cultured gut will be employed in: (1) Studies by various
parameters of responses of the gut mucosa and submucosa to various

E enteric microbes and microbe-derived toxins; special attention will

- be paid to cinematographic recordings of as well as conventional

4 static observations on various cellular interaction of the gut epithe-

2 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
A 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 ot 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
K of morphologic evaluation of intestines growing in cultures. This
1 shortcoming prompted the development of a new chamber allowing a
! convenient observation during actual organ culture.

T

The chamber 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 chambers (Takeuchi et al. 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

3 | After numerous attempts to choose appropriate culture medium,

4 we have found Medium 199 with 10% fetal calf or adult horse serum

3 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
5 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% CO, at 37°C gives the best results for the gut in organ in

L our chamber. With changes of medium every two days, fetal small and

1 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 micyoscopy 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

. et organ culture methods for electron microscopy to provide assistance
1 ‘ in studies of Neisseria gonorrhea infections on tissue culture cells
(See Annual Report of Dept. of Bacterial Diseases, WRAIR).

Conclusions and Recommendations

1 With improved organ culture techniques, fetal guts can be cul-

2 tured up to 2 weeks without structural and functional alterations.

2 Sequential observations can be successfully made on growing guts in
our organ culture chamber by direct visualization by phase contrast

3 microscopy with a magnification of up to 700 times and be recorded

3 sequentially by time-lapse cinematography. With the latter technique,
2 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 shows 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, mid-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
junctional complex (arrows) are well preserved.
X 5,800
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Task 00 In-House Laboratory Independent Research

Work Unit 195 Sheep Red Cell Model for G6-PD Deficiency

T

: Investigators.
g Principal: LTC Paul K. Hildebrandt, VC
Associates: MAJ Charles A. Montgomery, VC: CPT Ralph C. Giles, VC

E Background

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 G-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).

E Our initial studies and one previous report revealed bg' hasic
disappearance curves (5). There was very rapid loss of ~  Cr activity

' from the circulation in the first few days followed by a slower decay

2 curve, yielding an apparent red cell half-life which was significantly
shorter than would be predicted from work using in vivo cohort labelling
E with isotogic iron (4,5).

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

AEEroach to the Problem

51C__r 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 (UNITAG Centrifuge Bag
with A-C-D solution, Abbott Laboratories) (6). One hundred microcuries
of sodium chromate (RACHROMATE-51, specific activity 200 uCi/mg Abbott
Laboratories) was added and the samples were incubated at 23°C 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 23°C, 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 mi) were co!lected 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 3Cr survival study was repeated on sheep #52 and #64 approxi-
mately 6 months after the initial study.

"In vitro" 51C_r study. Two 10 mi blood samples were removed from the
jugular vein of each of two adult ewes. Using the technique described in
the 31Cr survival study, one sample from each animal was mixed with 3 ml
acid-citrate-dextrose solution, incubated with 30u 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 agded 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
51Cr 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 concentration of 5uCi/ml. Each of six adult sheep received 50 LCi of
59Fe intravenously in a volume of 10 ml. Blood samples (3-4 ml) were col-
lected at 'S minutes, 1, 2, 3 and 4 hours post-injection. Blood samples were
then vollected twice weekly for the next 4 weeks. The average life spans were

150




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.

Resulits and Discussion

In the five animals used in the ler 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 5Cr 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 5tr-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 3'Cr 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.

The mean erythrocyte survival time as calculated by in vivo 59 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 31Cr is used to label sheep erythrocytes. The
rapid loss of 51Cr activity from the circulation appears to be due primarily to
rapid elution of the isolope from the labelled cells. Approximately one-third of
the injected 'abel disappears from the circulation and appears in the urine during
the first 24 hours. The urinary 31 Cr-activity is not associated with hema-

turia or hemoglobinuria, 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 Slcr 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, 51 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 31Cr 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 31 Cr from red cell
binding sites remain undefined. In human erythrocytes, the major binding
of S1Cr is at residue 93 on the B-chain (9). Additional binding also occurs
to glutathione and other low molecular weight proteins (10-12). It is not
clear from which pool the 31Cr 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 Sicr binding sites remain to be determined.
It may be that no B-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 2 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 circutation

and excreted into the urine 24 hours after injection of labelled cells.

Fig. 2. The mean half-life of S1cr-tagged autologous erythrocytes in the

five sheep was 13.7 days.
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Percent in vitro loss of 31Cr and hemoglobin into the plasma from

Fig. 3.
labelled and non-labelled erythrocytes.
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3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00 In-House laboratory Inrdependent Research
Work Unit 198 Spin labeling »f biomolecules

Investigators.
Principal: LTC Douglas J. Beach, MSC; CPT James A. Cella, MSC;
Edmund S. Copeland, Ph.D.; Bhupendra P. Doctor, Ph.D.;
Assoclate: Billy G. Bass, M.S.; Betty J. Boone, Ph.D.;
MAJ Michael E. Boykin, MC; LTC Gale E. Demaree, MSC;
CPT James A. Kelley, MSC; SP4 Edward F. Kenehan, B.S.

A number of problems of blochemical and clinical importance 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 1s a need, not only for application of
synthetic organic chemistry to biomedical problems, but also for pre-
1liminary research into the development of new and better methods for
synthesizing blologically important molecules. It is this approach
which has been appllied 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 chemlstry, blo-
chemistry and cellular biology.

I, Characterization of the narcotic binding site in the central nervous
system using spin labeled morphine (SIM) as a physical probe.

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.

1. Spin labeled oplates.

After several unsuccessful attempts at selective alkylation of
morphine or codeine at the sterically hindered 6-position with alkyla-
ting agents derived from stahle nitroxide radicals, the mode of the
reaction was reversed. Instead, the oplates were converted to alkyla-
ting agents while the nitroxide containing moiety acted as the nucleo-
phile. Treatment of morphine with thionyl crloride afforded a-chloro-
morphide, 1, which reacted with 4-amino-2,2,6,6~tetramethylpiperidine-
l-oxyl in diglyme at 100-110° to produce the 8-spin labeled derivative,
2, in ca. 25% isolated yield.
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Similar treatment of codeine with thionyl chloride followed by Sn2'
displacement of the chlorlde, la, with the same nitroxide reagent
afforded 8-spin labeled codeine, 2a. Brcmination of codeine with PBr'3
afforded bromocodide, 3, which reacted with radical 4 in an Sn2*
fashion to yleld 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 glve satisfactory ESR
and mass spectra and have correct elemental analyses, 1t has not been
possible to differentiate the positlonal isomers, l.e., 2a and 5. At
this point, crystalline samples of 2a and 5 are in preparation and
these should yleld more definitive Information about the structure of
these 1somers.

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 pharmacological activity not too different from the
unlabeled compounds. Second, these derlvatives are hydrolytically
stable and will not lose the spin-label under ordinary physlologlcal
conditions. Third, the method of synthesls of thece compounds allows
for structural variation not only of the position of attachment of the
label to the oplate 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, 1s an interesting molecule in that removal of a
proton, hydride ar and hydrogen atom all occur with facility to afford a
relatively stable anion, cation and radical respectively. It has been

-~
Y
L -
10 11 12 13

‘proposed that 9-azaphenalene, 11, should be interesting in that it 1s

isoelectronic with the anion derived from 10. Moreover, 1n view of the
remarkable stability of the radical derived from 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-allylpyridine, 13, which can be prepared
in several steps from camercially available 2,6-dihydroxylutidine.

3. Clinical applications of stable radicals.

A number of substances interfere with blood glucose determinations,
notably I~Dopa and ascorbic acid. The redox potential of nitroxide
radicals is such that they are reduced by many of the interfering sub-
stances but not by glucose. Conjugation of a nitroxide with a protein
should afford a high molecular weight non-dializable compound capable
of reacting with the intefering substances in a continuous flow analysis.
Accordingly, U-amino-2,2,6,6-tetramethylpiperidine-l-oxyl was conjugated
to bovine thyroglobulin using a water soluble carbodiimide. Dialysis
of the reaction mixture afforded a solution of the protein containing
covalently bound nitroxide. ESR spectroscopy confirmed that the
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nitroxide was indeed bound to the protein. Preliminary tests with this
protein in the AutoAnalyzer system indicate that interference by
;. ascorbic acid is only partially removed. Further studies will be con-
3 ducted to attempt to eliminate thils interference.

i, Characterization of the narcotic binding site in the central nervous
system using spin labeled morphine (SIM) as a physical probe.

3 It has not been possible to detect bound SIM in studles with CNS

: subfractions. Until ESR evidence can directly demonstrate morphine

3 immobilization by a brain organelle or membrane, it will not be possible
] to obtain data leading to the characterization of narcotic binding

5 i sites. However, we have obtained sone evidence pertaining to the

r megnitude of the binding phenomenon using whole brain synaptosomes and

- SIM at 1 uM concentration with 10 min incubation at 23° and ESR observa-
[ tion at 4°. The reduction in concentration of free SIM during various
incubation processes showed that a total of 36.1 + 1.1% of the SIM

| present was bound; 28.9 + 2.5% of the SIM was bound during incubation

E and 21.1 + 4.8% of the STM binding was prevented by preincubation of

] the synaptosomes with 1 mM nalorphine. Maximal binding of SIM by

1 synaptosames was reached at 50 mg of synaptosomal protein per ml. At

- higher synaptosomal protein concentrations, SLM binding remained constant.

}_. Further work on this project awaits completion of efforts in progress

3 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 blological
activity than 2-SIM, and 3) localize and concetrate the narcotic bind-
ing site in appropriate brain subfractions.

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 sample temperature at fixed values in the 0° to 40° range.
Using a speclally constructed variable temperature insertion Dewar with
an ID of 7 m (vs 5 mm), 1t has been possible to insert a modified vari-
able temperature flat cell with .015 inch Tygon tubing leading along
each side from the top to the bottom of the flat cell where the sample
can be pumped at .64 ml/min 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 sample in regions of minimal microwave electric
fleld concentrations, to allow flow of the sample 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 computer system, it has been
possible to detect and characterize spin label preparations of less
than 10-7 M. Refinement of the systéem should permit detection and
characterization capability for 10~0 and 5 x 10~9 M preparations.

The software for the S-122 computer 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
fram relatively nolsy 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 1s 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 temperature. Because of the markedly larger size
of this flat cell in the sensitive volume of the ESR cavity, this flow
system 1s currently an order of magnitude more sensitive than the
modified varlable flat cell system described above. However, sample
volumes of about 5 ml are required with the current design and it 1is
not as amenable to continuous sample analysis as 1s the smaller system.
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Project 3A161101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task G0 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 catecholamines on electro-

' lyte transport by the gut and the effect of mesenteric vascular obstruc-

tion on the mucosal membrane potential.

t Experimental Approach. In vitro studies of a rabbit's large intes-
tiral mucosa were performed using modified Ussing chambers. The effects

E of catecholamines 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
I by comparing control and ischemic loops of intestine.

Results and Discussion. Epinephiine 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 COp and bicarbonate
bathing the mucosal surface of the tissue. Since the effect was
blocked by the alpha adrenergic antagonist pherioxybenzamine, it would
appear there exists an alpha adrenergic mechaunism 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 catecholamines.

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 N
necessity of performing an enterocomy in order to measure the elec-

trical potential. j

it neit ot e

(Two manuscripts are in preparation on these areas of research.)
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Project 3A161102B71P BASIC RESEARCH IN SUPPORT OF MILITARY MEDICINE
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Work Unit 070 Antigen-antibody reactions in vivo and in vitro

Investigators.

Principal: LTC Carter L. Diggs, MC, M.D.

> Associate: MAJ Carl Alving, M, M.D.; MAJ S. M. Phillips, MC, M.D.;

E: 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.3 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 in vivo.
A major effort is in the application cf approaches used in other areas of
immunological research to infectious disease processes, These projects

Ad 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-

3 nation of the highest dilution of antiserum which provokes a positive
: reaction when challenged with antigen (1). Treadwell et al. (2),
5 utilizing the end-point titration, expressed their results as PCA units/
3 ml, which are determined by dividing the reciprocal of the highest
3 dilution of antiserum giving a minimal reaction by the volume of anti-

serum injected.

3 Although these methods of quantitation are useful, they are prone
4 to large error. 1In addition, there is a wide range of animal respons-
3 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 -btained with various vascular permeable sub-
stances is directly proportional to the logarithm of the dose injected
(4). 1In 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 obtalned 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 slqpe 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 1s 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 appareut
by end point titration.

Table 1
Comparison of Slope and End Point Titration

PCA Titer*

Antisera  End Point Titration** Slope Titration¥***

Fi 220 377
F2 160 26
F5 320 L83
A300 640 769
ALOO 80 120
F300 6L0 1540
320 640 2000
F10 640 885
FLO 320 476
A50 160 704
A20 6L0 1087

*Reciprocal of the dilution.
**The last dilution giving a positive reaction.
*¥*Extrapolation of slope to obtain dilution
giving a Smm 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
£ b =]
3 Km
B 1 + =
: Ab
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).

4 Tentative acceptance of this application of the data allows the

E comparison of various parameters derived from this equation. Table 2

3 lists the Bmax, Km and the slope obtained using the linear portion of

1 the Michaelis-Menten plot of some of the antisera analyzed. It is
apparent that the Bmax, that is, the meximal diameter attainable, is
within the range of 15-20 mm, that the Km varies considerably as would
be erpected and that the slope of the line for all the antisera analyzed

3 fall either between -2.4 to -3.1 or -1.3 to -2.0. Table 3 demonstrates

j - the inverse relationship between the Km and the titer of various anti-

3 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 19.41 75.65 -3.1

y S10 18.78 106.50 -3.1

F20 15.85 39.36 -2.4

F30 17.97 77.68 2.7

3 A20 19.37 6.78  -3.1

3 S50 15.72 69.24 -2.5

3 F50 16.01 39.82 2.7

ALO 15.62 1.86 -1.3

A10 15.87 5.96 -2.0

sko 15.98 24,89 -1.7

830 17.87 15.22 -1.9

7200 15.43 15.33 S

F10C 15.15 56.92 -1.6

F50L 17.59 32.59 B i

: shol 17.2k 88.ok  -1.h
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Table 3
Relationship Between Km and Titer

Sera Boost Titer Km

A300 3B Loo 75.65

4B 833 34.6L
: 5B 769 28.00
i S10 LB 313 106.50
] 5B 690 41.68
3 6B 1170 34.13
' &) 3B 862 51.86
LB 1587 32.59
5B 7042 4.59

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 nct reflect the
true Bmax that can be obtained experimentally. Work is planned to
determine the Bmax with various pharmacologically active substances.

It 1s 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: Tris investigation wus vndertaken 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 immunoglobulins 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 g
was selected for immunization so as to limit “he production
of antibody and thus to augment the effects cf the various adjuvants i
with regard to antibody potency and specificity. The results of this g
report will deal exclusively with IgG production, i

3
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The antigen used for immunization was p-aminobenzoate conjugated
by & 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 -50°C until assayed for antibody
activity by the passive cutaneous anaphylactic (PCA) reaction. The
technique used was essentially the same as reported by Ovary (7) 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: TFigure 1 illustrates the percentage of guinea pigs pro-
ducingTé@I nomocytotropic 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.2n
emulsified in complete Freund's adjuvant (Ag-CFA) produced antibory
after 4 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 firit booster
injection. This is contrasted with guinea pigs primed with antigen
diluted in saline (Ag) where only the group boosted with the combination
of Ag-CFA responded maximally after 6 booster injections whereas only
25% 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 vith 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 tne animals produced antibody, the response was never
maximal and with the group boosted with Ag there was a decrease in the
number of guinea plgs 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 4 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 boostirg. This is
most proncu. 2d in the animals boosted with Ag (no adjuvant) where 86%
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. 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 34% 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 14% and none of the sera from animals primed with Ag were
positive when boosted with Ag-A or Ag, respectively.

over 250 out of | of 294 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 varioun
groups the data is expressed as the percentage of guinea pigs producing
a perticular 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 were obtained with the schedule
using Ag-A for priming followed by boosting with Ag-CFA.

Table U

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
2 L/5 1/5 0/5
3 L/5 2/s /L
- 4 5/5 L/s 3/4
& 5 L /L L/5 3/4
i 6 b/l L/5s Ly
< i L /4 h/s L/l
Total
1-7 27/32 19/35  15/30
1 L/s 0/5 o/k
2 L/5 1/5 o/h4
3 L/5 1/5 o/k4
I 4/5 2/5 Wik
5 5/5 L/5 1/k
< 6 5/5 L/5 1/4
3':0 i 5/5 L/5 1/l
Total
1-7 31/35 16/35  L/28
1 3?5 o;s o;s
2 3/5 0/5 0/5
3 L/5 2/5 0/5
L 5/5 2/5 0/5
5 5/5 3/b 0/5
» 6 5/5 2/h 0/5
7 5/5 2/h o/L
Total
iy 30/35 11/32  0/3L

*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 nrder. FEach 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
l appear to peak even after 7 boosts in spite of the high titers obtained.

7000+ Primed with AgA
4 Boosted with Ag CFA
Kk omao Primed with Ag CFA
] | Boosted with Ag A
4 6000 9
4 &
i & 40001
3 [
] <
k- a
: 3000¢
o
Ll ™
" e
20004
-
" —
3 ¥
: %
¢ * 10001+
- 4 1
tZ BOOSTS

Fig. 2. 1IgGl antibody production using adjuvant
combinations of Alum and complete Freund's adju-
vant,

1 Discussion and conclusion: The data obtained demonstrates the

1 importance of first contact with antigen and the effect subsequent

; boocter injections with a different antigen-adjuvant combination has

on the production of TgGl in guinea pigs. The group primed with antigen
in Freund's complete adjuvart produced antibody earlier regardless of
the antigen-adjuvant comtination used for booster injection. This is

| in contrast to the group primed without adjuvant where the response was
3 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 perc:ntage of positive
sera obtained from the sroup primed with antigen in Freund's complete
adjuvant was the same regardless of what antigen-adj vant combination
was used for boosting whereas the response obtained frcm 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 immunogenicity only if an extrinsic adjuvant is

H 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 Freund's complete adjuvant in
that the number of responders was less than maximal and the titers
obtained were relatively low.

TR Sy W T .

The guinea pig possesses at least 3 homocytotropic antibodies; two
heat stable IgGl'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 4 hour IgG confers good re-

3 actions after a latency of 4 hours which is weak or absent on the fourth

4 day whereas the 7 day IgG gives little or no FCA activity at 4 hours,

- bnt strong sensitivity after 16 hours which persists for 7 days. The

: tibody assayed in this investigation appears to be primarily the
ype using Parish's criteria. Preliminary results indicate that
= types are produced and investigations are in progress to de-

e the effect various antigen-adjuvant combinations hnve on the

ST Sl

selective production of these 2 IgG antibodies as well =a antibody.
The most interesting finding is the synergistic ef 1 IgG pro-
duction when either antigen adsorbed to alum or antigen Freund's

complete adjuvant are used for priming and/or boosting whicn 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: Thls project is designed to explore the efficacy of
' gamma irradiated Plasmodiunm 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-
5 strated the feasibility of immunization of mice and rats against Plas-
medium berghel and of Aotus monkeys agains Plasmodium falciparum by the
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use of gamme 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 parasltized erythrocytes. The blood was centrifuged and the plasma
removed, replaced by physiologic sa”ine, and the suspensions irradiated
at 25,000 rads in a cobalt 60 irradiator. This procedure was repeated
5 imes at biweekly intervals, the animals receiving a total of approxi-
mately 2 x 109 parasitized erythrocytes over the 2 1/2 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 100 parasitized erythrocytes from a syngeneic donor. The
results are summarized in Table 6 in which the number of animals dead
by day 45 in each group is cepicted. 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 o/2k
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 unimmunized animals as opposed to the 75% mortality observed
in the present study. Immunized ICR mice exhibit a varying degree of
mortallity 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 immpnization obtained through the use of erythrocytic
(9) or sporozoite (10) immunogens is similar.

4. 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 meterial for the study of in vitro culture and even-
tual application to the study of the immunolcgy 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 primte parasite Plasmodium knowlesi (11). 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 approaching
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. £An
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 c¢he 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 Actus 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 Jdifficulties 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 glyrer.' with
subsequent freezing at -70°C followed by storage at -70°C or in liq.id
nitrogen. After thawing, the cells are reconstituted to isotonicity
by stepwise addition of solutions of decreasing solute concentraticn.
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The parasitized erythrocytes are then used for infectirg experi-
mental animals or for short term in vitro culture experimeuts which are
monitored by the ability of the parasitized cells to incorporate cl
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 copditions outlined above retained both the
capacity to incorporate cl* isoleucine into protein and to infect ani-

mals. It was alsn 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 50% of the grythro:ytes parasitized on day 10 after
receiving approximately L x 10° of the cryopreserved parasitized cells.

Initial -tudies of protein synthesis in vitro vsing 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 uninfected erythrocytes which were also cryo-
preserved. Additional evié nce of the specificity of the reaction was
obtained from inhibition studies with chloroquire (Table 8). 1In this
experimeni 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 107° molar) result in 507 inhibition of the rate ot
protein synthesis.

Table 7

Incorporation of C-1L Issleucine into
Protein by Cryopreserved Plasmodium falciparum In Vitro

Counts per Minute

Time of Incubation, P. falciparum Uninfected
Hours Infected Erythrocytes Erythrocytes

0 230 200

1 730 180

2 1190 180

3 1390 160

D 1780 160
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Table 8

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

Molar
Chloroquine Initial Rate
Concentration of Incorporation
x 100 (cPM/nr)
0 2900
0.8 2750
2.3 2350
6.8 1350
20.3 300
61.0 0

Discussion: The studies described provide a basis for the develop-
ment of methods for culture experiments of suafficiently long duraticn
to allow experiments designed to measure the inhibitory effect of anti-
body on the growth and development of the pcrasite. 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 rnot 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 (1h4)
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-
i 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
5 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.
3 Finally, such in 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-
49 ! toxic activity of antibody.

We chose to approach the develovment of an assay for antibody cyto-
toxic to Trypanosoma rhodesiense by exploring the capacity of these
cells to synthesis protein in vitro and to then examine the effect of
4 ] 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 fov
malaria parasites, and diluted to an appropriate concentration. The
organisms are then mixed with additional serum (normal or immune) and
4 tritiated or C-14 labeled precursor amino acids in tissue culture medium
E 199 supplemented with extra glucose are added. As a function of time
after pulsing with the isotope, samples are removed and applied to
3 filter paper discs. After drying these are extracted with cold tri-
chlorocacetic acid, dehydrated in alcohol and ether, redried and counted
in a liquid scintillation spectrometer.

iy

B

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
3 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 »f serum was apparently very bencficial to parasite
survival, and this was instituted as a routine part of the reaction
mixture.

Figure 3 illustrates the incorporation of C-14 leucine into the
trypanosomes in the presence of normal or immune serum. Each point
represents a sample containing approximately b x 106 organisms. The
duplicate samples are taken from duplicate reaction mixtures. It is
apparent from this data that essentially linear incorporation occurs

183




P ook s iy oy

. ot T P U T o XN

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 1t 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.

3000 | p
2500 + 4
w
5
z 2000 With Normal Serum T
b3
@x
& 1s00} )
(7]
-
z
8 1000 WHh Immune Serum J
(8]

500

o] 10 20 30 40 50 o)
TIME OF INCUBATION, MIN

Fig. 3. Protein synthesis by Trypanosoma rhodesiense
in the presence of normal or immune serum. Organisms
incubated 20 minutes before addition of C-1h leucine.

Heating of the immune serum abolishes its capacity to inhibit
protein synthesis (Fig. L4). 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 tn heat lability of the responsible antibody;
studies to distinguish between these alternatives are in progress.
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Immune Serum
Meoted 56 C, 30 Min

unmeabed Tmmune Serum

COUNTS PER MINUTE

'

TIME OF INCUBATION, MIN

Fig. L. Abolition of cytotoxic effect of immune
rat serum on Trypanosoma rhodesiense by preheating.

MINUTE / HOUR

INITIAL RATE OF INCORPORATION
COUNTS PEF

Fig. 5. Linear dependence of rate of protein
synthesis on Trypanosoma rhodesiense cell con-
centration.




Table 9

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

9 Inhibition of Protein

Immune Serum, ml Synthesis
0.02 6
0.04 33
4 0.06 i
0.08 87
3 0.10 85
] 0.1k 98

3 ¥Forty-five minutes incubation

. Whether or not the in vitro cytotoxic activity will correlate with neu-

4 tralizing activity has not yet been determined; these experiments are
also underway. Plans are being made to study the effect of preincubation

3 of immune serum with antigens of Trypanosoma rhodesiense to determine

4 whether or not reversal of the inhibiting effect of antibody can be

E 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 rhodesiznse in Rhesus monkeys.

Description: Profound changes in total immunoglobulin levels,

1 egspecially IgM, have been noted in humans and animals infected with

1 T. rhodesiense (15). Along with specific antibodies, heterophile anti-
‘g 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 -20°C,

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 al. (16). Specific fluorescent anti-human IgM
and IgG was obtained commercially. 'Trypanosome organisms were isolated :
from L-day infected rats by the method of Lanham and Godfrey (17), i
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 7.4 containing 1% ;
rabbit serum. Absorptions of anti-trypanosome sera were performed
using 1 ml packed sheep erythrocytes for 30 minutes at 37°C incubation.

The initial absorption mixture contained 3 ml 1/40 dilution of anti-
Two tenths milliliter was removed for study after

trypanosome serum.
each of 5 absorptions.

Anti-SRBC sera (0.2 ml) were absorbed with 0.1 ml packed glutar-
aldehyde fixed trypanosome organisms at 37°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
site: in all monkeys, control or experimental, 17 days after inoculation
with T. rhodesiense. BSA titers were determined by the Farr method (18),

using 0.12 ug I2OI-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
42, 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 L2 days.
The increase in IgG level was less than two-fold at its peak at 28 days.
The level fell slightly wfter that. Individually, 3 of 4 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 1L). Fase 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

.

? Tnoculated Monkeys

1 Monkey Day After Inoculation

: Number 6 32 L2
4 1 320° 360 700
2 300 390 320
1 3 680 1210 1300
: hc 500 680 700
3 0| 530 510 o=
! c2 580 500 =
i

aInoculated monkeys
Poerun IgE in nanograms/ml

Ccontrol, non-inoculated monkeys

Table 12

. ® Log, Fluoreszent Antibody Titers at Various Days After
Tnoculation of Rhesus Monkeys with T. rhodesiense

Days After Inoculation

Monkey Number 0 6 10 17 28 35 42

1! TgG 3 ) 8 11 12 11 9

________ M 2 3.9 .1 12 10 2

2 TeG s 1 6 9 10 10 10
e IeM .. el g B .20 ..l P
3 TgG L L 8 10 9 11 12
. w3 6. 9. 10 9. 1 .39
b TeG 5 L 8 8 11 9 9
TeM & 7 1 11 11 9 8
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Table 13
Log2 SRBC Titers After Inoculation with

T. rhodesiense on Day O

Q Monkey Days After Inoculation

No. 0 6 10 17 28 35 L2
? 1 1 1 3 9 8 10 8
%’ 2 1 1 2 6 8 8 7
3 S L 6 11 10 9
L 2 2 10 10 10 8 7

Table 1k

Absorption cf Anti-SRBC Activity by
Glutaraldehyde-Fixed Trypanosomes

f Day After Trypanosome Number of Absorptions

; Inoculation 0 1 2

Day 10

{; Monkey # 1 g% Y 3

2 7 3 1

1 3 9 7 L

/1 = S S L e 11

i' Day 28

i Monkey # 1 13 12 12

i 2 12 12 11
3 13 13 13
4 13 13 10

a
Ioge anti-SRBC titer

190




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% 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 rnoteworthy. 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
varicbility 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. 1IgG 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 anti-
SRBC activity. Characterization of this antibody with respect to
specificity for Forssman antigen is a likely next step.

Immuinodepression 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

Ahsorption of Fluorescent Anti-Trypanosome
Antibody with SRBC

é Monkey Day After Number of Absorptions

3 Number Inoculation 0 5

1 17 IgC 1280° 320

i L IgM . 1280 ________ 160 _

35 Teg 1280 1280

1 TgM 6L0 160

17 IeG 1280 610

; 5 e TeM . 1280 .. 20

: 35 IgG 1280 320
IgM 1280 80

8’Reciproca.l of dilution of sera showing 1+
fluorescence as end point.

Table 16

1 Farr Assay Binding of 125I-BSA by Sera of Monkeys Injected
L with BSA 17 Days After Inoculation with T. rhodesiense
1 Monkey Number Days After BSA Injection
‘%: Tnfected 0 11 18 25
1 3 o® £R t t
1 2 0 0 t t
i 3 0 0 t t
1 4 0 0 0 0
E Non-infected
3 1 0 t 1.39°  1.15
] 2 t 6.95 5.68 3.58
i 3 0 0 £ 1.28

®No binding of “-’I-BSA.

Pprace of binding equivalent to 5% binding. 5
Cug BSA bound at 33% endpoint using 0.12 ug 27-BSA.
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The mechanisms of hyperimmunoglobulinemia 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-
munological 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 iacrease 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 (20,21). 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 by lLydrolytic 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 i1 vivo.
Bovine serum albumin (BSA) was incorporated into the polymer—Es 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 conceatration of BSA in the polymer-BSA prepa-
ration was determined by redissolving the dried particles in acetone
and assaying the protuin residue by the Lowry micro method (22). The
particles used in tris study contained 0.37% BSA (w/w). Control polymer
particles were prerared 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 26-25 gms. Fach 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 -209C. Twenty-five
hundreths ml of sera from each individual animal was pooled to form a
single sample from each experimental group. Each pcol was made of sera
from 10 animals.
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Table 17

Experimental Groups of Mice

Group Antigen
FBSA Free BSY in saline 0.025 mg BSA/site !
4

AFBSA Acetone ti.-.ted T2A in  C.U25 mg BSA/site

saline

FICA-BSA BSA in Freund's incom- 0.025 mg BSA in 0.1 i
plete adjuvant ml FICA/site :
Poly + FBSA Plain polymer particles 8.7 mg polymer in ;
(same site) in : saline solution 0.1 ml saline con- \
containing BSA taining 0.025 mg f
BSA/site 3
Poly + FBSA Plain polymer in saline 17.4 mg polymer/each ﬂ
(different of two sites i
sites) Saline solution of BSA  0.05 mg BSA/each of )
two sites B
Poly-BSA Polymer-BSA matrix 8.7 mg polymer site E

with 0.025 mz 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 FICA were given in 0.9% saline.

Aiiv1-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 logy of the reciprocal of the highest dilution of serum
showing agglutination. f"he second method was the ammonium sulphate
antigen-binding capacity (ABC-33) technique of Farr (24). The ABC values
wers 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 y
injected with polymer and free BSA (poly+FBSA) in the same or different
sites developed lower peak antibody responses which plateaued sooner 4
than the FICA-BSA or poly-BSA groups.
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|
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7 21 35 49 T

Days post immunization

Fig. 6. Log, anti~BSA hemmagglutination 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
ﬁ and one that received 0.1 mg acetone treated BSA showed no
detectable HA response.
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Table 18

Log, Anti-DSA 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 (dlL7) After Initial Antigen Injection

Pre-secondary ] .
Days Post-secondary Immunization

Trmmunization

Group Day 140 7 14 28
FBSA - 13 16 12
AFBSA -- 13 14 9
FICA-BSA 20 18 BIe 1k
Poly+FBSA 9 17 20 14
(same site)
Poly+FBSA 3 12 15 9
(aiff. site)
Poly-BSA 13 20 >e2 14

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 response 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 difierent 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 immunoglobulin 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. TForssman-containing liposomes: Complement-dependent damage due to
interaction with a monoclonal IgM

Since 1968 liposomes have been employed as a model for studying
the moleculay 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 fe.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
report 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 Waldenstrom 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 leads tc 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

1igosomes

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 sphingomyelin. 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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Fig. 7. Each point corresponds to the glucose
measured in a cuvette which contained 5 ul of
liposomes, 500 ul of glucose assay reagent (5), 120 ul of
either fresh guinea pig serum as a complement source
or, as a control, guinea pig serum which had been
inactivated by heating at 56°C for 60 min (heated C).
Hemolysin (rabbit antiserum in 50% glycerol, Difco
Laboratories, Detroit, Mich., diluted 1:5 with 0.15 M
NaCl and heated at 56°C for 60 min) or macroglobulin
(4.9 ug protein/ul) 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 (ca. 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 preseance 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). 1In 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 damege. Inhibition occurred only
when retinal was present during the initial formation of the model
membranes. Innibition 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 Schistoscma 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. 11). 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-dependeat immune response
against lipids may be observed during the ccurse of schistosomiasis in
monkeys. T.ue antibody activity can be detected by utilizing liposomal
model memb: ines which contain schistosomal lipids.

12. Immunochemistry of A; and Ao human blood group substances; dif-
ferences in the reactivities of homologous and heterolognus
antisera in quantitative hemagglutination inhibition reactions
with hog and human saliva Ay and Ao substances

The chemical basis for the differences in the serological reactiv-
ities of the subgroup Al and Ao antigens of human erythrocytes has been
widely disputed. One view holds that the differences are merely quanti-
tative in that Ay cells possess a greater number of A sites. The
opposing view contends that the determinants on Ao cells differ struc-
turally from those on Ay cells. The latter view is strongly supported
by recent findings of Moreno et al. (25) with A; and Ay substances
purified from human ovarian cyst fluids., This reocrt describes the
differences in reactivities of antisera prepared in humans to hog A
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Fig;tj Effect of retinal on the time course of immune damage to liposomes. The liposomes
contained sufficient retinal to make a final concentration of 1.0 mM in the swollen suspension.
4.8 pl of liposomes were preincubated for 10 min with 128 sl of fresh guinea pig serum (comple-
ment). 500 gl of glucose assay reagent and sufficient 0.154 M NaCl to make a volume of 976 ul
in a semi-micro cuvette. After reading the absorbance at 340 nm the immunological reaction
was started by adding 24 pl of rabbit anticerebroside 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 49, of the available trapped glucose
was released in 30 min in control cuvettes in which complement had either been omitted or
inactivated by heating 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 Fig.8. Retinal was incorporated directly into the hposomes
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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Fig. 10. Time course of serological activity of 5 infected monkeys
against schistosomal lipids. Each point corresponds to a separate
reaction cuvette which contained 4.7 ul of liposomes, 50 ul of appro-

; priate monkey serum 120 ul of fresh guinea pig serum as a complement

A source, 325 ul of 0.15 M NaCl and 500 ul of glucose assay reagent (10,

- 12). Glucose release was measured at room temperature (ca. 220) 30 miL.
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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 FZ (e--e) 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 200 with 4 mg of a homogenized suspension of adult
worms (2 ). 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 Ao 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;, Ao, A1B and A2B blood types by the method recommended
by Kabat (26). Antisera to the Ay and Ao 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 dosesgg (HDSO) units of anti-A activity of one
zach of the anti-hog A, the anti-human A; and anti-human A, 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 HD50 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 Ay, A1B, Ao or AoB 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 dosegq (H1D5o) was interpolated from the assay curve ob-
tained by plott?ng percentages of agglutination against the 2-fold con-
centrations of substance on probability-log paper. HID5g is defined as
the micrograms of blood group substance required to inhibit 6 HDSO units
of antibody activity from 977 to 50% agglutination.

Results and Discussion

The 50% endpoint anti-A titers (l/HD5O) of the pre- and post-immune
sera in Table 20 accord with the findings of Kabat et al. (29) that Ao
substance is less immunogenic in humans than are hog A and human saliva
Ay substances. The results in Figure 13 and Table 21 obtained with an
anti-hog A, anti-humcn Ay 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 A1B and AsB
substances were similar to those depicted in the figure for A; and Ap
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 = >0.01).

The HIDgqgr, listed in 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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Table 21

HID 0's Obtained in Hemagglutination Inhibition Assays of
Blood éroup A Substances with Immune Antisera and Al Test Cells

Micrograms of Blood Group Substances
Inhibiting Hemagglutinating Activity
of Antisera

Blood Human sera

Group Anti- Anti- Anti-
Substance hog A human Al human A2
A_ cells and 6 HD50 ug ug ug

antibody units

Hog A 0.52 0.52 0.52
Human Al 0.77 0.52 0.52
Human AlB 0.24 0.15 0.15
Human A, 8.60 5.60 2.90
Human A2B 590.00 476.00 223.00

however, approximately 1 1/2 times more of these materials were required
to inhibit the activity of the anti-hog A serum. The HID5qo'g for human
saliva A, and AoB 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
AoB saliva substance per unit weight to inhibit hemagglutination of

Ay cells is apparent from the inordinately large quantity needed for
inhibition. The fact that Ay and AoB substances were much more effec-
tive in inhibiting hemagglutination of four homologous anti-Ao sera

than of four anti-A, sera shows that antibodies which are elicited in
humans by immunization with human saliva A, and Ap substances do not
possess identical specifications for the inhibitor A, substaices. 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

Ao substances is to be obtained from kinetic studies of the rates of
dissociation of homologous and heterologous antibodies from the A1 and
A2 substances.
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f 13. Filtration of microaggregates formed in vivo

The extent of microembolization which occurs during 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 microembecli 2re 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 (34) 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 whizh 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). 1In the present study, the filtration characteristics
of these two types of microaggregates 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 u and 40 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 blcod 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, 4 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 syring= containing heparin and
ADP. Twenty ote day old human blood donors were the source of the micro-
ageregates (MA) of stored blood.

Results

Filtration of particles of known size: The effective pore size of
the filter was determined by measuring the size distributicon of a saline
suspension & mixture of corn (75-80 u), pecan (45-50u), lyccpodium (27-
28 i) and mulberry (12-14 u) pollens before and after passcge through
each of the filters (Figure 1k). The size distribution of the mixed
pollens afier passage through the 210 u pore filter in Figrre 1 was the
: same as that of the unfiltered suspension. The 4O . pore mesh removed
j all the pecan (45-50 ) and corn (75-80 u) pollr., reduced the lycopodium
(27-28 u)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 u 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.

= \

— L FEEIPD L

—— LAY

—— P CAN
——— O

200 |-
@120, PORE FILTERED
0 40u PORE FILTERED

@ WOOL FILTERED

£

VOLUME OF PARTICLES
X 105 u3/mm3
8
T

10 13 16 20 % 32 40 L L] B

\ PARTICLE SIZE. p )

Fig. Lh.Effects of filtration of particles of known size.
Size distribution of volume of particles in u3/mm3 (ord-
inate) plotted aeainst particle size in p (abscissa) after
filtration with 12up and 40y pore mesh and Dacron wool
filters.

Filtration of microaggregates in stored blood: 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 40 u and larger
in size which is in contrast to the inebility of this mesh to filter
pecan (45-50 u) and corn 75-80 u) pollens (Fig. 14). The LO u pore
filter completely removed particles 50 u and larger and reduced the
volume of particles 40 u and smaller. Dacron wool removed all particles
larger than 13 u.

Filtration of platelet 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 16. 1In striking contrast to the ability of the LO u
mesh to remove 45-50 u pecan pollen in Figure 14 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 wvirtually 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 4
formed during extravasation (37), both types of in vivo aggregate _
larger than LO u were found to be present after passage through the o

LO u pore mesh filter. 1In 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 viiro by ADP were similar 1
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 microemboli 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 LO u were completely
removed by the 4O u pore mesh surface filter (Fig. 15) while the PA of
equal size apparently passed through this filter (Fig. 16) chows 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 44O 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 Plateletsﬁmm3 Leukocytes/mm3
Before After Before After

}11ter Filter Filter Filter

120 u mesh 1,074,000 1,053,000 10,210 9,020

+ 103,000 i89’000 + 700 + 630

LO u mesh 676,000 643,000 9,440 10,160

+75,000 :36,000 + 780 :;,oho

Dacron wool 784,000 175,000 10,680 9,350

iﬁ6,000 + 103,000 + 870 * 780

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

14. TImmune mechanisms in Schistosoma masnoni infection of the inbred
rat

Objective: These studles 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.
A1l animals in subsequent experiments were 4 1/2 weeks of age at
exposure, and were exposed to 1000 cercariae and sacrificed 3 1/2 weeks
after exposure.
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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 expcsed 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 (%)

0 66*
Removal of adherent cells 57*
Removal of non-adherent cells 12
Removal of thymic lymphocytes 17
Removal of bone marrow lymphocytes LB*

*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 s.atigen fraction and in vitro
cell culture work. __

15. Tmmune 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 challenged
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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phenomena are observed. First one finds the liberation of virus to
occur as early as one week after challenge. Table 24 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 (MIC).
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 Iododeoxyuridine 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.

Table 24

Relationship of In Vitro Proliferation and
Activation of Leukemia Virus

Stimulation Source

0 PHA mic?
VirusC Virus Virus
Cell CPMb titre CPM titre CPM titre
GUHR Animal 10LO 1.2 9,700 12 3,800 -
Normal 980 0 29,500 0 10,600 2,2

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

bMean counts per minute, incorporated tritiated thymidine.

“Mean virus titre--TCIDS0/ml (50% tissue culture infectious
doses/ml).

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

There is an increasling awareness of the importance of the thymus
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 i Time in weeks

PHA e

CON-A 2L

SRBC +97

c57BL/6m1tod +133

81 week following single injection of parental cells.
bg weeks following first injection of perental cells.

CResults expressed as percent change of response cf
6VHR animal compared to normal F, animal.

d'Mitomycin treated allogeneic cells (N> 9).

Table 26

Activation of Leukemia Virus from CIAF1 Spleen
Cells Cultured in vitro

Number
tested/ %

pgsitive p_ositive
26/31 8L

9/16 56
5/12 L2
L /34
1/2L
1/12

0/19
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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 PHA 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 weire analyzed (Fig. 22). Furthermore, the
stimulatory and suppressive effects were functionally separable on the
basis of in vitro reactivity wnen 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 MIC. Figure
23 demonstrates an excellent correlation between suppression of MIC
proliferation and subsequent effector capability.

After sensitization, lymphocytes are known to develop specific
response characteristics defined by in vitro assays. One such ability
15> 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 (MIF). 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 immunosuppressive 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 menifest.
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EFFECT OF IMMUNOSUPPRESSIVE a-GLOBULIN
ON IN VITRO BLASTOGENIC RESPONSE

% RESPONSE

Fig. 21. Effect of immunosuppressive alpha glotulins upon in vitro
blastogenic responses. Varicus concentrations of thymic (T31CY and
bovine (B6C) derived alpha globulins were added to cultures of C57B1/6
spleen cells containing either medium 15ug/wl PPD (Ag. Dep.), 1.2ug/ml
PHA, or BALB/c spleen cells (MIC) the concentration of each fraction is
plotted against the resulting degree of isotope incorporation (determinel
by 3H-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: 1480 + 315 at 48
hours (PHA), 1690 + 427 at 72 hours (MIC 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 MLC

200

. ‘ i
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T3C pg/ml

Fig. 2?. Effect of immunosuppressive alpha globulin on MIC. 75 x lO6
C57B1/ + 75 x 100 BALB/c spleen cells were incubated in vitro in the

presence of various concentrations of immunosuppressive a&pha globulin.
After 63 hours of incubation 3H-thymidine, 3H-5-uridine 1%C-DL-Leucine,

or 3H-myainositol were added to replicate cultures which were terminated
at 72 hours. The concentration of fraction is plotted against the

E resulting 1egree of isotope incorporation shown as a percentage of the

E untreated control. Each point represents the mean and 5% confidence

' interval of replicates. Note the dose-dependent stimulation and sup-
pression of all four synthetic rates; however, the most profound effects
are upon DNA synthesis.,
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EFFECT OF IMMUNOSUPPRESSIVE a-GLOBULIN ON MLC AND
SUBSEQUENT EFFECTOR CELL DEVELOPMENT
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Fig. 23. Effect of jmmunosuppressive alpha globulin upon MIC and sub-
sequent effector cell development. Various concentrations of immuno-
suppressive alpha globulin were added to MIC upon initiation (BALB/c +
c57B1/6 irradiated spleen cells) and the resultant cell population
tested for MIC activity by 3H-thymidine incorporation and IMC by Slcr
releast. The ratio of stimulation and percent specific chromium release
is plotted against concentrations of immunosuppressive (B6C) alpha
giobulins sdded to culture. Note the dose-dependent correlation of
stimulation and suppressive effects upon both phenomena. MIC cpm
mixture, 34,300 + 45003 c57B1/6 irrad, 220 * 1503 BALB/c, 2650 # 310.
IMC cpm freeze-thaw, 3020 + 36 cpm, spontaneous release, 1283 1 T1 cpm.
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Description.

Molecular biological and pharmacological as well as microbiological
research studies with three objectives. (1) 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 reouilding.

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
select=d 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. (1) Most compounds (with
the exception of nalidixic 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
S. typhimurium to produce some spontaneous segregation of genetic
markers from plasmids. The activity sequence evident in Table II
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3 b TABLE I
1 Per Cents Elimination of Resistance Determinants in S. typhimurium
g ¢ Compounds Kana Chloramph Strepto Ampicill
6.25 x 106 M
Nalidixic Acid T0 56 60 6k
3 2.5 x 107> M
3 Nitroacridine II 99 96 96 97
E Daunomycin 86 80 T7 81
! Proflavine 86 79 64 68
: 5 x 1072 M
3 Nitroakridin 3582 82 69 70 69
8 x 1074 M
3 Coumadine 70 56 60 64
.
;}-
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TABLE II

Per Cents Elimination of Resistance Determinants in S. typhimurium
Compounds at 10~* M Kana  Chloramph Strepto Ampicill
Ethidium 96 82 84 82
Miracil D 91 82 81 82
Quinacrine 92 79 81 71
Propidium 89 78 71 71
Tilorone 85 80 Th T8%
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 To#
Hoechst 33258 T2 64 6L 6T*
Chloroquine 8o#* 58 52 53
Methylene Blue 68 50 48 ]

#Significant inversions in activity sequence
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is a biological consequence of the DNA-binding capacity of the tested
compounds. A diagrax 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 compoundséare 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 S. typhimurium, resistant
to 2,500 pg/ml of ampicillin are sterilized by combinations of 60 ug/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 lO'6 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 S. 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 de novo
cynthesized 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 DN\; 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 1970.

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-
genr:ity became progressively apparent with increasing concentrations
of DNA as distamycin became more and more bound in the manner which
rejuced 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 ¢X1T4 DNA,
poly dA, poly 4T, poly dG and poly dC; the shift was small with

poly d4C but large with poly dA and ¢X174 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. ¢X174 DNA melted
cooperatively with the antibiotic as did denatured DNA, while the
complex of poly dG with distamyzin partly dissociated with heat,
whereas the complexes with poly dA, poly dT and poly dC remained intact.
We infer that the selective interaction of distarycin 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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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 nalidixic
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 mechanism 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 primagquine. 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 1 C-uracil, exposure to primaquine
resulted in a slow linear (with time) release of l4C-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 corrotora.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—rgy
passage through a French pressure cell) of B. megaterium, failed to
show any detectable ribosome destruction. Other investigators have
shown that high Mge* (10 mM) protects isolated ribosomes from disaggrega-
tion and degradation but that at concentrations of the order of

10-5 M Mg2+, 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
degradei. 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
g zone centrifugation, namely light-scattering, is being employed as an

g alternate and, perhaps, more sensitive method to study primaquine-

y induced disaggregation and degradation of isolated B. megaterium
ribosomes.

1 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 A
3 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"
vhich 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 (50S 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
3 centrifugation for determination of reaction endpoints in terms of the
distribution of equilibriut components influences these distributions
tnrough exertion of hydrodynami~ pressure which induces ribosomal
2 di.ssociation. Therefore, light scattering was used to study ribosomes
&' and their reactions. Efforts were directed toward answering five
questions: (1) What is the influence of the major cellular cations on
the distribution of ribosomal species? (2) What are the time courses
and kinetic characteristics of association and discociation? (3) What
is the influence of the initiation factors upon the distribution of
ribosomal species? (L4) 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. (1) The concentration of Mg2+ controls the proportion
of ribosomes and their subunits in ribosomal suspensions. When the
concentration of Mg2+ was veried systematically between 1 and 20 mM,
the distribution of 70S ribosomes and their 50S and 305 subunits,
depended upon this concentration between 1 and 8 mM; at 10 mM Mga+
the population consisted almost entirely of 70S ribosomes with an average
molecular weight of 2.66 x lO6 daltons, while at 1 mM M52+ the popula-
tion consistgd 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 é
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
1 was in progress, another laboratory, also using light scattering,
' reported that ribosomes and their subunits obey the laws of mass action 5
and that a true chemical equilibrium, controlled by the concentration
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of Mg2*, 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 alterations 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 msec 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 ribcsome 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 ribouvme
association was measured by normal light scattering. IF-3 induced a
slow dissociation of ribosomes, the rate being similar to the slower
of the two dissociation rates following reduction in the concentration
of M32+. 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 ¢f TOS ribosomes from subunits: a light scattering increase
alwayr. occurred when ribosomes were mixed with IF-2. Addi-ion of IF-1
to rihosomel suspensions did not alter their light scattering char-
acteristics, 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 ~ould increase
the IF-3-induced rate of dissociation as well as the numver 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 znd that this
increase could bte eliminated by addition of IF-3, a pa’.tern consistent
with our other observations. (4) 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 ribosome-messenger RNA complex.
Ribosomes could be saturated with p(A,U,G), the formation of this
complex was dependent upon Mgz+ 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




dissoriation occurred mcore rapidly and to a greater :xtent 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

E reactions. The greatest dissociation occurred in the presence of
IF-3, IF-1 and mRNA, 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

o light scattering, we observed each reaction that had been previously

3 found in the separate systems, and also a stable attachment of (3H)-
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: (1) reduction in the rate of factor-induced
) dissociation, and (2) restriction of light scattering decreases to the
3 initial level which existed prior to addition of p(A,U,G), suggesting
; that light scattering increases due to the presence of p(A,U,G) could
be eliminated by factors despite their inability to dissociate T70S
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

3 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 Mg2+ 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 binling to DNA (methyl green displacement). Several
such chemicals, foremost one nitroacridine at 5 x 107° 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 c~11-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 ¢X1TL; it

r binds much less strongly to poly dG, poly dC and poly d4T. The
dissimilation of bacterial ribosomes and ribosomal RNAs, under the
influence of primaguine, has been investigated in detail in vivo and

¢ in vitro. Kinetics and endpoints of association and discohciation of

E. coli ribosomes have been measured in vitro by light scaitering

oy
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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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The objective of this work unit 1s to apply the knowledge gained through
basic and molecular research to military m:dical 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 macromolecules 1n bacteria,
viruses and mammalian cells. These investigations are:

1. Enrichment and characterization of antibodies to morphine.

2. U-methylpyrazole-induced changes in alcohol intake and blood alcohol
levels of alcohol-preferring rats.

3. Enrichment of tRNA cistrons from E. colil using antibody affinity
chromatography.

L, Fractionation and molecular weight determination of DNA fragments
using agarose colum chromatography.

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

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.

9. Stimulation of in vivo incorporation of 11lC-Z-glucose into free

amino acids of rat brain by 5,5-diphenylhydantoin treatment.
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1. Enrichment and characterization of antibodies to morphine.

Since the commerclally avallable 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 commercially avallable antibody sample was re--
moved by ammonium sulfate precipitation. The globulin fraction was sub-
Jected to Sephadex 200 gel chromatography. The fractions thus obtained
were examined for their morphine binding capacity by using spin labeled
morphine (3-SIM) 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
colum 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 immunologlcal as well as physlco-chemical parameters.

Preliminary results obtalned with the oplate binding antibody
show the following: (1) maximal affinity for 3-SIM was at pH 6-7, (2)
there were between 3.7 and 4.9 nanomoles of binding sites for morphine
per mg protein. Syva (commercial) morphine antibody preparation for
FRAT on the other hand, had a rather broad pH optimm fc * 3-SIM binding
(pH 6.5~7.6). There were between 1.1 and 1.4 nanomoles of binding sites
for morphine/mg Syva antibody protein; therefore the enrichment of
morphine binding sites was some 350%. The enriched antibody preparation
appeared to react instantaneously with 3-SLM. The complete Syva anti-
body preparation bound 3-SIM for about 10 min, released 1t in the next
15 min and finally reassoclated with 3-SLM maximally after a total of
45 min. PFurthermore, about 45 min were required for equilibrium to be
reached for the displacement of 3-SIM from the Syva antibody by morphine.
Further efforts are underway to fully characterize thls reaction and to
extend these studiers to other Imunoassays for drugs of abuse, 1.e.,

RIA, EMIT.

2. l4-methylpyrazole-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. Id of the University of Indiana School of Medicine, Indianapolis,
and D. Hawkins, Dilvision of Neuropsychiatry, WRAIR. The following 1s
the sumary of the results.

Alcohol-preferring rats were placed on three different feeding
schedules: 1) solid food ad 1ib and an unsweetened alcohol solution, 2)
food ad 11b and a sweetened alcohol solution, and 3) food restriction
and sweetened alcohol. Water was present in all instances as an alter-
native fluld source. A single intraperitoneal injection of UY-methylpyra-
zole (UMP - 90 mg/kg body welght) inhibited alcohol intakes in all three
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models for as long as U4 days. Blood alcohol levels in the food-
restricted rats remalned unchanged or decreased slightly after the
administration of 4MP whereas the animals given food ad 1ib showed
substantial increases in blood alcohol levels with either sweetened
or unsweetened alcohol. The administration of UMP produced transient
neurologic dysfunction.

3. Enrichment of tRNA cistrons from E. coll using antibody affinity
chramatography .

This projJect has come to a stage where it can be employed for en-
richment of clstrons from mammalian systems. The progress to date is
sumarized 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. coll DNA sheared under
pressure (4000 psi; approx. 400,000 + 40,000 daltons) was accomplished
by incubation at 37° for 10 min in 40% formamide containing 1.3 x SSC.
The DNA/tRNA-DNPH hybrid was bound and eluted from anti-DNP agarose gel
colum Just as with tRNA-DNPH but with 35 to 40% of the efficilenc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>