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In conducting the research described in this report,
the investigators adhered to the "Principles of Laboratory
Animal Care as established by the National Soclety for
Medlcal Research."
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Project 3A014501B71R RESEARCH IN BIOMEDICAI, SCIENCES
Task 01, Surgery

Work Unit 091, Metabolic problems associated with injury

Investigators.
Principal: H. Kenneth Sleeman, PhD

Associates: Arthur 8. Dobek, PhD; John W. Diggs, BS; Clarence E.
Emery, BS; Paul B. Lamborn, CPT, VC; Teruo Matsumoto, LIC,
MC; Madiline Bluemle, MAJ, ANC; JAWayne Stromberg, L’i‘c,
MC; Irwin R. Berman, CPT, MC; Edward T. Dickson, Cecil
Pugh, SFC

Part I
pesctiption,

The Departmwent of Surgical Metabolism conducts research on the
metabolic problems associated with injury und provides professional
consultation and technical support to other departments of the Division
of Surgery and the United States Army Medical Biochemical Research
laboratories. The purpose and wajor areas of investigation include:

1. Metabolic Alterations Produced by Endotoxemia. Research
wes continued on the metabolic changes which resulted from endotoxin
injection into the dog. Previous studies showed that the activity of
selected servm enzymes wag elevated during endotoxemia, and that the
activity of serum enzymes could be correlated with death or survival.
S8ince these enzywes are released as a result of tissue damage, the
patterns of enzyme activity in serum and tissue were studied to
deternine the specific organ(s) affected by endotoxemia.

2. Riffects of Antibiotics, Corticostercids, and Pexitoneal Lavage
on Experimental Peritonitis. The value of antibiotics, corticosteroids
and peritoneal lavage in the treatment of peritonitis and surgical
infections has not been established, Conflicting evidence on the
effectiveness of these treatments probably results from differences in
dosage and time of initiating therapy following the infection. Using a
standardized peritoneal infection in the rat, thesze therapeutic agents
were studied from the initiation of the infection to & time near death.
The effectiveness of single treatments and coubinations of treatment
was evaluated.

3. [Jactors Responsible for Morbidity and Mortality in Bacterial
ghocl:. Studies were continued on the adjuvant action of hemoglobin in

exporimental Bscherichia colf peritonitis. Previous studies indicated
that hemoglobin produced lethality of retarding the clearance of
organisms from the peritoneal cavity, hence permitting their prolifer-
ation and the ralease of toxins, which ultimetely produces death.
Altcrnstive hypotheses of the adjuvant effect of hemoglobin were

‘investigated,

4. Jerticipation in Research Projects with Other Departments.
The Dopartwent of Surgical Metabolisw provides both professional
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consultation and technical assistance in support of the research of
other activities. Projects in which the department has partic,pated
are: (1) the role of lymph drainage in endotoxin and heworrhagic
shock, (2) oxygen toxicity, (3) the role of the central nervous system
in endotoxin shock, (4) the evaluation and toxicity of cyannacrylates
of tissue adhesives, and (5) studies on metabolic alteration produced
by shock in humans,

Progress.

1. Metabolic Alterations Produced by Endotoxemia. Studies have
been continued oa the metabolic alterations produced by endotoxends,
Many metabolic processes fail or are vastly altered in the late stages . 5
of endotoxin shock, therefore experiments were designed to monitor T -
metabolic changes over the period of time from the initial insult until
death or recovery, The approach was the weasuvrement of selected
enzymatic activities and substrate concentration in serum. Since scrum
enzyme sctivity reflects tissuc damage, the enzywe patterns of tissue
were deterixined also in an attempt to relate serum enzyme levels with
specific tissue f{njury.

j Previous studies showed that serum glutemic-oxalacetic trersaminase
(SGOT) and glutamic-pyruvic transaminases were elevated in endotoxewia,
and provided an indicator for predicting eventual death or survival.
Preliminary studies at that tiic suggested that lectic dehydrogenase
(LbH) activity was a morc sensitive indicstor for predicting mortality
and co:ld be used for indicating possible tissue damage. Therefore,
studies were undertaken to evaluate the serum IDI as en indicetor of
eventual mortality, and to determine if LDH isozywe patterns would
suggest specific tissue damage. Concomitent analyses cf sevvm and
tissue transaminsscs and isocitric dehydrogenasc, and blood levels of
lactate and pyruvate were perforwmed.

Mongrel dogs were anesthetized and placed in @ supine positicon.
Caonulae were inserted for injections, sampling, and wonitoring
arterial pressure. Blood was collected from the fewmoral arteriecs, and
sanples vere taken prior to endotoxin injection (control) and 1, 3, 5,
and 7 hours following endotoxin fnjection., Additional blood samples
vere taken at 24 and 48 hours if the snimals survived., Tissues were
excised from norwal dogs and those that died by 7 hours after eadotoxin.
One dose of endotoxin (E. coli Ol11:B4-Boivin), calculated to produce 7C¢ -
percent wortality, was injected intrevenously. Animals which died with-
in 48 hours after endotoxin aduinistration were considered fatslitics,

Serum LDH activity in non-surviving enimals incvcased with time
after intervencus fnjection of endotoxin, By the third hour after
endotoxie finjoction, LDH was increased significently over controls
(t~test, p <.01) and high levels of activity wvere matntained until
death. 1In contrast, the surviving aniwals had no sigaificant increase
in sorum LDt octivity, The elevation of both IbH and the transaminases,
in all instances, fndiceted & poor prognosis.
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Other enzyme activities and substrate concentrations were modified
but could not be correlated with death or survival, The serum ICDH was
elevated by the 3rd hour after endotoxin injection, and in non-surviving
animals attained levels 2 to 3 times that of LDH. However, ICDH activ-
ity was elevated also in surviving animals, but to a lesser extent, and
remained elevated even 48 hours after endotoxin injection. The ICDH
activity was probably related to tissue damage caused by endotoxin,
Acid phosphatase activity was slightly elevated by the 3rd hour after
endotoxin but usually returned to ncvrmal by 7 hours. Lactate and
pyruvate concentrations were elevated in non-surviving animals and also
in some samples in surviving animals, However, the levels fluctuated
during the testiug period, and usually returned to normal values by 7
hours whether che animal died or survived., Excess lactate accumulation
was found in some samples,

Freheparinization of the animals had no effect on the LDH activity,
but did decrease the activity of ICDH and the transaminases. This in
vivo action of heparin probably resulted from the effect on cellular
permeability, since its in vivo effect on the analyses was slight,

Electrophoretic separation of the serum LDH into the five isozymes
revealed a distinctive pattern of increased LDH isozyme aciivity. The
initial rise in total IDH activity was associated consistently with a
marked increase in only the 2 and 3 LDH isozymes. (The isozymes were
numbered consecutively with the most anodic designated as 1.) Persist-
ently high levels of total ILDH activity frequently resulted in increases
of isozyme 5 and a lesser extent 4. An increase in isozyme 1, the
heart isozyme, concomitant with an increase in isozymes 2 and 3 occurred
in only one animal.

The unique isozyme pattern obtained during the endotoxemia suggests
that initially only one organ was involved. LDH isozyme patteras on
tissue homogenates and blood constituents showed that only the lungs,
adrcnals, and intestines coatained an isozyme pattern which could be
equated to that found in t..e serum, Histological studies on the lung
showed nc apparent cellular abnormalities, and the ICDH content of the
lung »as very low, therefore, it is unlikely that enzyme activity found
in the serum resulted from the lung damage. Sequential damage to either
the adrenal cortex and then the adrenal medulla or to the intestinal
seross muscularis, and mucosa could account for the observed LDH
isozyme pattern in scrum. Further studies on the enzyme levels and
isozyme content of tissues from normal and endotoxemic dogs arec under
favestigation to determine the organ(s) primarily affected by endotoxin.

2. [Effects of Antibiotics, Corticesteroids, and Peritoneal Lavage
on Experimental Peritonitis. Studies on the prevention 8nd treatment of
bacterial scpsis and shock were continued and expanded. The most common
infections, those causcd by gram-negative organisws, frequently become
refractory to therapy, and despite recent advences in medicine, the
moxtality rate remains high., The therapcutic agents most frequently

J




used for these infections are antibiotics, corticosteroids, and in
addition for peritonitis, a peritoneal lavage. However, conflicting
results as to the effectiveness of these agents have been reported, and
these differences probably result from the dosage and the time of
initiating treatment following the infection,

The present study was undertaken to study the effects of selected
antibiotics, dexamethasone 21-phosphate, and peritoneal lavage on the
lethality of a standardized Escherichia coli-hemoglobin peritonitis in
the rat, The study was designed to test the effectiveness of these
therapeutic agents from the initiation of the infection to & point
near the expected time of death,

Table 1 shows the route of administration, the amounts and the
effectiveness of each treatment (deaths/group) when given at selected
times after inoculation with the E. coli-hemoglobin preparation., This
model produces about 70 percent mortality in 24 hours as shown by the
control groups. All the antibiotics significantly reduced mortality
when given up to 8 hours after the initial infection. HLowever, by 12
hours mortality was not significantly reduced by antibiotics and by 16
hours antibiotics were totally ineffective. At 12 hours, tetracycline,
choramphenicol, and neomycin did reduce mortality by about 25 percent
which would be considered beneficial althLough not statistically
significant (chi-square). Xanamycin, which has been used extensively
in the treatment of peritonitis, was the least effective antibictic in
this study. The ineffectiveness of the antibiotics after 12 hours
probably results from the death and lysis of the bacteria. This would
produce large quantities of toxins at a time when the resistance of
the host was minimal.

Dexamethasone was the most effective treatment in decreasing
mortality and was effective even at 16 hours after the inoculation.
Dexamethasone, although not shown in Table 1, also afforded protection
if given 1 hour prior to the inoculation. The protection provided by
dexamethasoue probably results from its effect on cellular integrity
and cellular permeability.

A peritoneal lavage, which physically removes the organisms and
possibly provides some dialysis of toxic materials, was very effective
up to 8 hours; at 12 hours, it was totally ineffective. The failure of
the peritoneal lavage to protect the host at 12 hours indicates that
death at this time did not depend upon a high concentration of organisms
in the peritoncal cavity.

Since neither the antibiotics nor peritoneal lavage werc effective
therapeutic ageats at 12 hours, combination of trcatmeants was investi-
gated. when dexamcthasone was administered simultaneons with the
fnoculation or at 4 and 8 hours after the inoculation, and antibiotics
vere given to the same animals at 8 and 12 hours after the inoculation,
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mortality was not reduced significantly over that found with dexa-
w2thasone alone. A peritoneal lavage at 12 hours after inoculation
followed by dexamethasone, again did not reduce mortality significantly
when compared with dexamethasone alone. However, a peritoneal lavage
followed by kanamycin did reduce mortality from 77 percent with kana-
mycin alone to 33 percent in the combined treatment., Therefore, a
peritoneal lavage containing kanamycin or followed by kanamycin would
be an effective therapeutic regime.

Preliminary studies on the mechanism by which dexamethasone
increases survival in this model were considered. It was found that
dexamethasone increases peritoneal absorption of dye-tagged protein.
Since colloidal substances (protein) and particulate matter (bacteria)
are absorbed by the same mechanism, dexamethasone may provide a more
rapid clearance and destruction of bacteria, and in this way protect
the host. Other factors such as lysosomal integrity and RES function, i
however, miust be considered to fully explain the action of dexa- '
methasone,

3. Factors Responsible for Morbidity and Mortality in Bacterial
Shock. Studies were continued on the adjuvant effect ~" hemoglobin in
E. coli peritonitis. Previous siudies have shown that nLemoglobin
inhibits the clearance of bacteria from the peritoneal cavity. The
organisms, thus isolated from the host's defense mechanisms, proliferate
and ultimately release sufficient toxins to cause death., The present
experiments vwere designed to test alternate hypotheses as to the effects
of hemoglobin: (1) Hemoglobin increases the rate of bacterial prolifer-
ation. (2) Hemoglobin acts to increase the toxicity of E. coli-endotoxin,
and (3) Hemoglobin acts systemically rathex than locally.

The rate of bacterial proliferation of two concentrations of E.
coli in nutrient broth and in nutrient broth-hemoglobin mixtures w2s
studied. In three replicate cxperiments, hemoglotin was found to have
no effect on the growth of the organism in vitro. The lethality of
E. coli was compared in two groups of rats. One group received an
intraperitoneal injection of E. coli-hemogi~bin which had been incubated
for 18 hours, the other group received scparate but simultaneous injec-
tions of B. coli and hemoglobin. No significant difference in lethality
was found between the two groups. The virulerce of E. coli therefore
was not increased by preincubations with hemog'otin,

The lethality of E. coli and heroglobin was compared when sep-
arate but simultaneous injections into differant sites were given.
Only when BE. coli and hemoglobin were injected intraperitoncally did
a significant death (28/38) occur, The combination of E. coli injected
subcutanecously and hemoglobin intraperitoneally produced only about 10
percent mortality. All other possible combinations were not lethal. The
effects of non-simulteneous intraperitoneal injections of hemoglobin and
E. coli on the lethality were studicd. A significant number of deaths

-3
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occurred only when the injections were separated by one hour or less.
: If the hemoglobin injections preceded or followed the E, coli injection

by more than one hour, mortality was reduced markedly and was propor-
tional to the time interval between injections,

Finally, the effect of intraperitoneal injections of hemoglobin
and E. coli endotoxin was examined. Hemoglobin did not increase or
modify the mortality of graded doses of endotoxin., The possible systemic
effect, RES blockage, of hemoglobin could not be shown. Therefore,
hemoglobin appears to act locally by inhibiting the clearance of
bacteria and isolating them from the normal defense mechanisms of the
host .

4, Participation in Research Projects with Other Lepartments and
Activities, Studies conducted in cooperation with other departments
will be included ir reports from the respective activities in the
bivision of Surgery and the United Statec Army Medical Biomechanical
Research Laboratories.

Summary and Conclusions.

The research of the Department of Surgical Metabolism was concerned
with metabolic problems associated with injury and ircluded the follow-
ing areas of investigation: (1) Metabolic alteration produced by endo-
toxemia was studied by determining selocted enzymatic activity affected
by endotoxin injection in the dog. Serum elevations of lactic dehydro-
genase, glutamic-oxalacetic transaminse, and glutamic-pyruvic trans-
sminase activity were correlated with death or survival, Lactic
dehydrogenase isozyme activity indicated that only one organ was
primarily damaged by endotoxin, and that organ was either the adrenzls
or the intestine. (2) The effects of antibiotics, corticosteroids, and
peritoneal lavage on experimental peritonitis were evaluated. The
corticosteroid, dexamethasone 21-phosphate, was the most effective
agent in preventing mortality. The combined treatment with peritoneal
lavage and kanamycin was more effective in reducing wmortality than
either treatment alone. (3) The role of hemoglobin as a lethal adjuvant
in E. coli peritonitis was studied. After testing several hypothesis,
it was concluded that hemoglobin acts locally by retarding the clearance
of organisms from the peritoneal cavity. This permits the proliferation
of organism and the release of toxins, which ultimately produce death,
(4) Professinnal consultation and technical assistance were given to
support other research activities.
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S - Description,

' " 1. Survey of Quantitative Antibiotic Sensitivity of Isolates

I - fzom Infected Wounds in Patients at WRGH. The object of this study
R | vas (1) to determine quantitatively in vitro the minimum inhibitory

y concentration for eight standard antibiotics for the microorganisms
i from infected wounds and (2) as a continuation and extension of a
similar project reported in the 1966-67 annual progress report, An
analysis of 134 broth cultures, provided by Miss Maddox of the WRGH
bacteriology laboratory from patients with infected wounds, was per-
formed in this study,

2, Therapeutic Regimens in Contaminated Soft Tissuec Wounds of
Rabbits and Guinea Pigs. This study is a continuation of the one

reported in the 1966-67 annual progress report, As before the objects *
of this study were primarily (1) to compare infection promoting

yproperties of several soils from Vietnam with an increased sampling of

animals and (2) to evaluate antimicrobial regimens used prophy-

lactically in the management of wcund infections, This study was con-

i ducted in conjunztion with the research project of LTC Matsumoto,

3., Bndotoxin Assay of Lymph and Serum from Dogs in Hemorrhagic
| . Shock., The object of this study was to uctermine the lethality of
lymph and serum from shocked dogs via chick embryo assay, Protection
of the embryo by pretreatment was also investigated, This study was
conducted in conjunction with the research project of CPT Berman,

R

4, PBacteriological Monitoring of Suctioned Material from Four
acheostomized Patients (Neurosurge WRGH). The object of this

i study was to determine what influence the one-catheter versus the
two-catheter suctioning procedure had upon the microflora of the
traches and nasopharynx in selected tracheostomized patients, This
study wvas conducted by MAJ Bluemle as a research project in conjunc-
tion vith her military nursing research program., The Department of
Surgical Microbiology provided professional guidance and research
facilities,

50 s

Ihe Bffect of X-irradiation Followed by Dermel Wounding
on the Occurrence and Extent of Microbial Invasion in the Adult
Rat., The object of this study was to determine what effect x-irradiatiom,




followed four days later by a standard skin disc removal, would have
upor the occurrence and extent of microbial invasion in various organs
and tissues of adult rats, This study was conducted on an interdivi-
sional level with LTC Stromberg et al, of the Division of Nuclear
Medicine,

Progress,

1, Broth cultures obtaianed from infected wounds were periodically
collected over several months from the WRGH bacteriology laboratory.
Pure cultures were selectively isolated, identified and tested against
chioramphenicol, tetracycline, cephalothin, bacitracin, neomycin, peni-
cillin, polymyxin B and lincomycin individually in a concentration range
of 200 to 0,1p g or units per m! medium in a two-fold dilution series,
The procedure used was the agar plate dilution technique with 4 hr broth
cultures applied via the Steexis inoculator,

Tables la and 1b summarize the pertinent data, The data indicate
that tetracyclire was inhibitory against some S. aureus, S. epidermidis
and streptococcus cultures, Neomycin showed a moderate degree of inhib-
itory activity, especially against the Klebsiella-Aerobacter group, as
well as against S, aureus and S. g¢pidermidis. Bacitracin was very in-
hibitory for S. aureus and streptococcal cultures, Cephalothin and
lincomycin inhibition of S. aureus varied, being either very effective
or only moderately irhibitory, Penicillin can be placed in a similar
category for both species of staphylococcus, but in contrast was quite
inhibitory toward the streptococcal cultures. Antibiotics which are at
the same time very inhibitory and moderately inhibitory tend to encourage
the developmert of resistance in such a varied bacterial population,

Chloramphenicol and polymyxin B have generally no inhibitory effect
on the microorganisms tested,

As might be expected Pscudomonas cultures were quite resistant to
the antibiotics tested, with ouly bacitracin showing a slight inhibitory
activity for some cultures, The same general situation occurred with
the Klebsiella-Aerobacter, the Proteus and the E, coli-Citrobacter
groups, but in this case with neomycin,

2, During the year 1967-68,25-30 rabbits per week and later the
60 guinea pigs per week were monitored bacteriologically following the
infliction of a standard crush wound of the thigh muscle and contami-
nation with 0,75 g of soil from Vietnam and 1.0 ml of a mixed 24 hr
culture of Staphylococcus aureus, group D streptococcus, and Pseudomonas.
The rabbits were monitored at 3, 12, 24 and 48 hr after wounding and the
guinca pigs at 5, 24 and 48 hr,

The wound area was swabbed, the swvab immersed in broth and the broth

streaked for colony count using the Lindsey technique onto plates of
macnitol salt agar, MacConkey's agar, SF agar and blood azide egg yolk

12
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agar, With these selective media, wounds were monitored primarily for
8. aureus, S, epidermidis, streptococci, lactose fermenting and non-
fermenting enterobacteria, Pseudomonas, Proteus, Clostridium perfringens
and other clostridium species.,

Depending upon the particular experiment,the rabbit and guinea pig
wounds were treated at various time intervals after wounding with an
antibiotic or combination of antibiotics, Summarization of the data on
the basis of high bacterial counts of the major microorganisms monitored
at 24 hrs after wounding .is. presented in Table 2, The groups were
~ divided into survivors and nonsurvivors for the antibiotic-treated and
saline control groups.

The 24 hr monitoring period was selected as representing the gen-
eral trend in bacterial quantitation of microogganisms isolated from
the wounds, IZ£ we further select counts of 10° cells (or greater) per
ml of wound exudate, & general pattern of microorganism concentration
is apparent. There appears to be a general decline in the percent of
10-day-survival animals with high bacterial counts of streptococci com- !
pared with the nonsurvivors at 24 hrs after wounding. The remaining
bacteria show no such general trend, but it should be noted that
Pseudomonas remain quite persistently high among survivors and non-
survivors regardless of the antibiotic given. However, the effect on
survival is not apparent at this monitoring period., High staphyloccal
counts tend to remain fairly consistent among survivors and nonsurvivors,
A low percent of animals with high bacterial counts for clostridia was.
found, This percent may have increased with survival time, but at 24 hrs
after wounding the aerobic microorganisms are predominant, as would be
‘expected, The rapidly proliferating and antibiotic resistant Pseudo-
monas already are most predominant among the aerobes,

3. The assay was accomplished by injecting 0.1 ml of a filter-
sterilized sample or a dilution thereof into a prominent vein >f a
10-day-old chick embryo and recording embryo mortality for ten days
following injection. Control eggs were inoculated with 0,1 mi sterile
saline,

The lethality of serum and lymph from dogs in hemorrhagic shock
appears to be related to the degree of acidosis and duration of shock,
The pretreatment of the chick embryo with steroid has afforded no
protocl:ion.

&, Tracheal catheter suction specimens were taken every two days
with a total of eight specimens from each patient., One patient expired
after the fifth specimen, At the time of each tracheal sampling the
nasopharynx was swabbed for culture, The tracheal secretion vas
ctreaked for bacterial counting ou mannitol salt agar, MacConkey's agar
a.d two blood agar plates after appropriate tube dilution in brain heart
infusion broth, One blood plate was incubated anaerodbically, For com-
parfison the Lindsey streaking technique for microbial quantitation was




performed on ten-fold diluted secretion. The nasopharyngeal swabs were
incubated in brain hecart infusion and in thioglycollate broths for 24
to 48 hrs, The resultant cultures were streaked for single colony iso-
lation on the aforemeaxtioned plated media for identification.

An overall survey of the quantitative results indicates that tracheal
colony counts showed marked variation among the patients., Two possible
explanations for the variation are: (1) the fluctuation in volume and
density of the secretions, and (2) the influence of antibiotic chemo-
therapy, There was no apparent relationship between bacterial counts
and the type of suctioning procedure used,

-+ The qualitative data for tracheal cultures are presented in Table 3
and for nasopharyngeal cultures in Table 4, These tables indicate that £,
epidermidis and Diplococcus were predominant in throat cultures, whereas
Klebsiella and Proteus were most frequently found in tracheal cultures,
Pseudomonas, Proteus, Diplococcus, Klebsiella and Aerobacter were ¢.ite
prevalent in both types of cultures. (Table 5)

S. Pour days after adult rats (175-200 g) were x-irradiated (800 R)
the dcrsal skin was shaved and a full-thickness disc (3.0 cm diameter)
of skin was removed, The rats were individually housed and the wound
left untreated and opened. Control groups included irradiated non-
wounded and nonirradiated wounded rats,

A representative number of rats from each group was sacrificed at
various {ntervals after treatment and a standard amount of tissue was
ground in a Tenbroeck tissue grinder with 4 ml of trypticase soy broth
after being aseptically removed from each of the following anatomical
areas: heart, spleen, liver, lung, kidney, back muscle bencath the
wound site and leg muscle., A 5 ml aliquot of heart blood was used to
inoculate the standard blood culture bo:tle, The homogenized material
was streaked onto plates of blood agar using the Lindsey technique for
bacterial cell count, Duplicate plates were incubated anaerobically,
In addition broth cultures (brain heart infusion broth and reinforced
clostridium medium) were included for comparison,

The data indicate that those irradiated wounded rats from which
positive cultures were obtained yielded primarily nonhemolytic strep-
tococci, Aerobacter, B, coli, and Protcus, An occasional Pseudomonas
and alpha-hemolytic streptococcus were isolated, Among the very few
positive cultures from control groups, alpha-hemolytic and nonhemolytic
streptococci were almost exclusively present,

The bacterial counts were in the range of 10° to 107 cells per ml
of sample for nonhemolytic streptococci and E, coli; 5 x 107 cells per
ml of Aerobacter were found, The Proteus isolated was a swarming type.
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Of the organs and tissues cultured, the liver, lung, kidney and
back muscle most frequently yielded positive cultures, The spleea was
positive less frequently, Positive cultures were isolated inronsis-
tently from heart blocd, This may have been due to the time after
irradiation and wounding chosen for bacteriological monitoring.

Summary and Conclusions.

1. Bacitracin, tetracycline, cephalothin, penicillin, lincomycin
and neomycin showed varying but generally satisfactory degrees of inhib-
itory activity in vitro toward some cultures of S. aureus, S, epider-
midis and streptococcus. Chloramphenicol and polymyxin B were inef-
fective., None of the antibiotics tested were inhibitory toward the
gram negative microorganisms,

2, At 24 hrs after wounding high cell counts »f Pseudomonas are
predominant among the aerobes in both surviving and nonsurviving animals
regardless of antibiotic chemotherapy, Among survivors there is gen-
erally a lower percent of animals with high streptococcal counts, The
low percent of animals with high clostridia counts was expected at 24
hrs after wounding, when aerobes predominated, -

3. The lethality of serum and lymph from dogs in hemorrhagic
shock may be related to the degree of acidosis and dutacion of shock.
This study is incomplete,

&, There was an evident degree of fluctuation in bacterial cell
counts among the tracheal cultures, Pseudomonas, Proteus, Diplococcus,
Klebsiella and Aerobacter were frequently isolated from both tracheca
and. nasopharynx., The type of suctioning procedure used had no effect
on the microbial flora in the trachea or nasopharynx,

S. Rats exposed to x-irradiation and wounding showed a more
frequent microbial invasion of internal organs and tissues than did the
controls, Streptococci (ncnhemolytic and hemolytic), Aerobacter, B, coli
and Proteus were the predominant invasive microorganisss of the liver,
lungs, kidneys and muscle beneath the wound site, The spleen and heart
blood were invaded less often,
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TABLE 3

Isolation Frequency of Microorganisms in 29 Tracheal Cultures

Isolation Frequency
Organism Number  Per Cent
Staph epidermidis 23 79
Diplococcus 19 65
Alpha hemolytic strep 16 55
Pseudomonas 16 55
Bacillus 15 52
Proteus 13 45
Staph aureus 12 41
Acrobacter aerogenes 12 41
Klebsiella 11 38
E. coli 7 24
Citrobacter 7 24
Serratia 5 17
Arizona 3 10
Yeast 2 7
Alcaligenes 2 7
Moraxella 1 3
Providence 1 3
Beta hemolytic strep 1 3
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TABLE 4

Isolation Frequency of Microorganisms in 29 Nasopharyngeal Cultures

: Isolation Frequency

Organism Number Per Cent
*~ Klebsiella 21 72
Protecus 19 65
; Aerobacter aerogenes 16 55
§ Staph aureus 16 55
‘ Diplococcus 16 55
; Bacillus 12 41
E, coli 12 41
Pseudomonas 12 41
Citrobacter 10 34
Alpha hemolytic strep 10 34
Yeast 7 24
Staph epidermidis 7 24
Arizona 6 20
Edwardsiella 2 7
Providence 1 3
Alcaligenes 1 3
Herrelleae 1 3
|
|




TJABLE 5

Isolation Frequency of Microorganisms in
Both Tracheal and Nasopharyngeal Cultures

Organism

Number of Isolations

Proteus

Pseudomonas
Diplococcus
Klebsiella
Aerobacter aerogenes
Staph aureus

Staph epidermidis
Bacillus

E, coli

Alpha hemolytic strep
Citrobacter

Yeast

Arizona

12
10
10
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Project 3A014501B71R, RESEARCH IN BIOMEDICAL SCIENCES

Task 01, Surgery
Work Unit 092, Intensive study and treatment of shock in man

Investigators.,
Principal: CPT Arthur M. Martin, MC
Associate: CPT Henry B. Soloway, MC; LTC Teruo Matsumoto, MC

Description. :

During the past year the Department of Surgical Pathology has con-
tinued its studies into the role of the cardiopulmonary system in hemor-
rhagic shock and trauma, both clinically and experimentally. 1In this
regard,detailed analysis of autopsies of combat fatalities was carried
out, a pathology section was added to the Trauma Study Section, U, S.
Army Medical Research Team (WRAIR) Viet Nam, and experimental studies
of pulmonary oxygen toxicity were initiated. This Department has con-
tinued to work in collaboration and support of other departments in
the Division of Surgery, especially the Department of Human Studies,
Department of Experimental Surgery, and Department of Anesthesia and
Resuscitation,

A. Pathology Section, USAMRT (WRAIR)V: For several years the
Division of Surgery, WRAIR, has maintained in Viet Nam the Trauma Study
5 Section, USAMRT(WRAIR)V, formerly the Surgical Research Team. Through
4 i the clinical studies of this group, attention has been focused on the
Ed: ! clinical problems of the pulmonary complications after combat injury.
X3 ‘ The Pathology Section was established in November 1967 to work in con-
junction with this Trauma Study Section in the performance of autopsies
on patients dying of combat injury and to study tissue or organs that
way be removed at surgery on such cases.

B. Autopsy Review of Combat Deaths: In order to set guidelines
. for the Pathology Section, USAMRT (WRAIR)V, a review was made of the
sutopsy reports in the files of the U. S. Army 9th Medical Laboratory,
Viet Nam. Particular emphasis of this review was directed toward deter-
mining the extent of pulmonary findings in thes: cases.

C. Pathology of the Heart in Clinical Shock: In experimental ani- -
mals specific cardiac damage, myocardial zcnal lesions, {s a consistent
finding at autopsy following hemorrhagic and septic shock. This type of
damage has not previously been identified in man., Autonsies were per-

. formed in Viet Nam on combat fatalitiecs including specific examination
‘*’ of the hearts for these lesions.
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Progress.
A. Pathology Section, USAMRT (WRAIR)V

in November 1967, the Pathology Section was added to the U. S.

Army Medical Research Team (WRAIR) Vietnam. This section was established
to work in conjunction with the Trauma Study Section in order to permit
clinicopathologic correlations of the problems in management and treat-
ment of combat injuries. An autopsy facility was established at Long
Binh Post, RVN, in the morgue of Graves Registration. From the middle

of December 1967 to the end of January 1968, eleven autopsies were per-
formed on combat fatalities dying in hospital and one surgical specimen
(lung) was received. The material is presently under study and aralysis.

B. Review of Autopsies of Combat Deaths

To obtain a better understanding of the pathological response
to trauma, the autopsy files of the U. S. Army 9th Medical Laboratory,
RVN, were reviewed. Approximately 800 autopsy reports were screencd
for the period from July 1966 to January 1968. From this file 100 re-
ports were selected for detailed analysis. Sclection was made with the
fcllowing criteria: (1) death occurred following trauma, (2) except
for thrce cases, all patients lived long enough to receive resuscita-
tive care at a hospital installation, and (3) the autopsy reports were
sufficiently cowplete, usually with microscopic study, to permit de-
tailed analysis,

The results of this review showed a high incidence of pulmonary
changes at autopsy in deaths due to trauma. This was espacially true
of pulmonary edema and congestion, pleural effusion, and,interestingly,
an 112 incidence of pulmonary hyaline membranes. With the exception
of hemothorax and atelectasis which were more common after thoracic
injury, there was no significant difference in the incidence of pul-
monary findings betwecn thoracic and non-thoracic injury. This review
emphasizes the need for more detailed study of the lungs to permit
better understanding of the clinical problems of pulmonary complications
and to provide for more effective therapeutic management of the seri-
ously injured pa*ient.

C. Pathology of the Heart in Clinical Shock

Myocardial zonal lesions arc a consistent result of experi-
mental hemorrhagic and endotoxic shock but had not been demonstrated
in man. During the opcration of the Pathology Section, USAMRT (WRAIR)V,
& young soldier was autopsied who had died shortly after arriving at
the hospital. The causc of dcath was due to acutc exsanguination from
8 perforated femoral vein. At autopsy,markcd subendocardial hemorrhage
wvas prescnt, and with special histochemical methods, extensive myo-
cardial zonal lcsions werc obscrved throughout both ventricular valls
and intcrventricular septum.
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The full significance of this finding is not known., Myocardial
gonal lesions appear quite early during experimental hemorrhagic shock
and become more extensive as the period of shock is prolonged. To a
large extent the heart itself is responsible for production of these
lesions in that the heart must be in shock for thesc lesions to occur.
Bypovolemic hypotension of the systemic circulation alone does not
cause these lesions to develop. The etiology of these lesions is re-
lated to the cardiac response to shock. If either trachycardia is elim-
inated from the shock syndrome (as with complete heart block) or a
positive inotropic response is prevented (as occurs after beta sympa-
thetic blockade with pronethalol), cardiac damage will not develop.
Studies are required to define the effects of such anatomic change on
ventricular function. The finding of a similar damage to the heart in
humans as well as the experimental animal permits a more direct extra-
polation of laboratory results to man in undcistanding the role of the
heart in clinical shock.

.
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Summary and Conclusions.

A. A pathology section has been added to the U. S. Army Medical
Research Team (WRAIR) Viet Nam. This section will work in conjunction
with the Trauma Study Section in evaluating the clinicopathologic find-
ings in combat injury. Particular attention is being devoted to the
problem cf the pulmonary complications of non-thoracic injury as well
i as thoracic injury.

B. Review of autopsy reports of deaths due to trauma indicates
& high incidence of pulmonary findings at necropsy. This is especially
L5 true for pulmonary edema and congestion, pleural effusion, and a sig-
%ﬂ : nificant incidence of pulmonary hyaline membranes. Except for heme-
- thorax and atelectasis, the incidence of pulmonary changes is similar
for thoracic and non-thoracic injury.

C. MNMyocardial zonal lesions have been identified in a human case
- of hemorrhagic shock. This finding will permit a more mcaningful ex-
- trapolation to man ol information obtained in laboratory studies of
shock and thereby permit a better understanding of the role of the
heart in clinical shock.

Publications.

None
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Project 3A014501B71R, RESEARCH IN BICMEDICATL SCIENCES
Task 02, Internal Medicine
Work Untt 085, Vascular components of cardiorespiratory disease

Investigators.,

Principal: Donald E. Gregg, Ph.D., M.,D.

Assocjates: LTIC Ray A. Olsson, MC; MAJ Arthur S. Leon, MC; MAJ Colin
M. Bloor, MC; CPT Bertram Pitt, MC; CPT Ellis L. Jones, MC;
Eric C. Elliot, M.D.; Lino Granatr, M.D.; Darrell W. Haas,
Ph.D.; Nicholas M. Papadopoulos, M.D.; Eugene E. Joyce,
M.D.; Stanislaw Pasyk, M.D.; Edward M. Khouri; Howard S.
Lowensohn; Charles E. Cain; R, Richard Gray; William J.
Mitchell; David E. Donald, M.D.{(Surgical Research Section
Mayo Clinic); Victor A, McKusick, M.D.; and W. B. Elliott,
Ph.D.

Description,

Development of standardized biological preparations for long term
hemodynamic and biochemical studies of the controls of the circulation
and of myocardial activity in the normal state and under the influence
of abnormal and pathological stresses.

Progress.

Development of instruments and methods for cardiovascular research.

A switching dzvice has been designed to permit the measurement of
temperature in up to four different regions of the body simultancouvsly,
and through the same amplifier. This arrangement makes it possible to
use only one channcl of the recorder for four varjables, and to have the
very samc gain for all therwistors used. The "on" time for each ther-
mistor is about Z0% of a cycle, so that between the temperature samples
a base line is obtained. This base line is the amplifier output with no
transducer connccted and yields a continuous check on amplifier drift.
The device has been used successfully in the measurement of temperature
in various layers of the kidney in the monkey, and of the heart in the
dog, for blood flow determinations in these organs by the heat dilution
technique.

Effects of exercise and its cessation on the heart and its blood
supply.

Studies were carried out in rats of different ages on the effects
of daily and intermittent excicise on heart sjize, cross-sectional areas
of cxtracoronary collateral arterics,and capillary-ventricular muscle
fiber ratfos. Cardiac hypertrophy occurred in younz exercised anjmals
and was abscnt in adult exercised animals. 0Old excrcised rats had an
sctual loss of heart ucight. Collateral bdloed supply to the heart in-
creascd in exercised animals of all ages. Capillary-fiber ratios
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increased in young exercised animals and were associated with an in-
crease in the total number of capillaries. 1In cld exercised animals,
the number of capillaries remained constant; thus, the incieased
capillary-fiber ratio was secondary to a loss of myocardial fibers.
The effects of exercise are dependent not only on the amount of exer-
cise but also on the age of the animal.

Since relative hypoxia had been suggested as the stimulus for
certain changes observed in exercise, quantitative histologic studies
were undertaken in chronically exercised animals to see if their organ
and cellular development might be similar to that observed in animals
residing in a hypoxic environment. The rate of body growth was reduced
in exercised animals, Cardiac hypertrophy was proportionate to the
severity of exercise, Czllular compositions of the liver, widney,
adrenals, and spleen of erxercised animals were similar to those re-
ported in animals residing in a hypoxic environment. However, cellular
changes of hearts of exercised animals were different from those re-
ported in hypoxic animals, suggesting the influence of factors other
than relative Lypoxia.

Similar cuantitative histologic studies were conducted in rats of
different ages which were subjected to different amounts of svimming.
In young animals, exercice caused a retardation of over-all growth pro-
portionate to the severity of the exercise. Body and organ weights of
the exercised animals were less and associated with a reduced cell
number in the varicus organs. Cardiac hypertrophy was also present in
this age group. In adult animals, exercise appeared to have little
effect on body and organ weights. The cell numbers of the heart and
liver of adult excrcised animals were less than controls, but the cyto-
p:asmic mass of the individual cells of these organs was slightly
greater than controls. In old animals, exercise elicited a catabolic
response. There was an actunal loss of body weight and organ weight
proportionate to the severity of the exercise. It is evident from
these findings that when analyzing exercise studies, the age of tke
subject should be taken into consideratjon.

In other experiments carried out in cooperation with the Division
of Biochemistry, WRAIR, tissue and blood enzyme changes (lactic de-
hydrogenase (LDH) and its isoenzymes) and blood lipids and lipopro-
teins have been measured in rats subjected to varying amounts of acute
excrcise and craining. Severe exercise (4 hours of swimming) produced
a marked rise of enzymatic activity in untrained animals. Training by
swirming one hour daily for 1-1€ weeks provided little or paitial pro-
tection against severe exercisw. Training 4 hours daily for 6-8 weeks
prevented the enzymatic changes observed after severe exercise. By
isoenzyme analysis, the rise of plasma LDH activity was essociated
with the kidney, heart, liver, and muscle; they further showed that
adaptation to exercise by training varies in the different organs.

These enzyme studies and qusntitative histologic studics werc
undertaken in rats wihich were trained (swinming 4 hours daily for 10
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weeks) and then subjected to acute exercise (4 hours swimming) at dif-
ferent times after the cessation of training. At the end of 10 weeks
training, no enzymatic changes were observed after acute exercise.
Cardiac hypertrophy, indicated by an increased heart weight-body weight
ratio, was associated with an increased number of myocardial fibers.
Two weeks after the cessation of training, heart weights of the post-
trained rats were less than controls, When these animals were acutely
exercised, plasma LDH reached levels nearly five times that observed
in the controls. These values were also significantly higher than
those observed in untrained rats after acute exercise, Quantitative
histologic analysis at two weeks after the cessation of training
showed smaller nuclei and a loss of myocardial fibers while the amount
of sarcoplasm in each myocardial fiber was increasing. These changes
suggected that a change in membrane permeability of the myocardial
fiber may be responsible for the marked enzymatic activity response to
acute exercise in these post-trained animals., Four weeks after the
cessation of training, cellular measurements of the post-trained
animals and their enzymatic response to acute exercise were similar to
those observed in controls.

Studies of the effects of training and acute exercise on plasma
lipids and lipoproteins were carried out in rats. In the untiained
rat following acute exercise (4 hours swimming), plasma cholesterol
and non-esterified fatty acids (NEFA) were significantly elevated
while plasma triglycerides were significantly decreased. There was
no significant change in the plasma levels of cholesteryl esters and
phospholipids after acute exercise. Training (4 hours swimming daily)
for four weeks reduced plasma cholesterol to one-half the control level.
There was no significant change of plasma cholesterol in the trained
rat following acute exercise. The level of plasma triglycerides was
also reduced in the trained rats. A further reduction of plasma tri-
glycerides was observed after acute exercise in the trained animals.
Training caused no significant changes in NEFA, cholesteryl esters
and phospholipids from control levels. However, when trained animals
were exercised, NEFA were elevated iimediately therea{ter.

Inheritance of coronary artery anatomical patterns arnd the
rclationship to coronar: artery disease.

Our previous work showed that coronary artery patterns in rats
are subjected to polygenetic inheritance. Quantitative genetic
analysis demonstrated that the genetic contribution to coronary varia-
bility was 20%-25%, with the remainder of variability being due to
prenatal environmental circumstances. These findings suggested that
it may be possible to increase the frequency of '"favorable" coronary
patterns in offspring by manipulating the prenatal maternal environ-
ment. In an initial test of this hypothesis, pregnant female rats
were subjected to prolonged exercise, ejther treadmill or swimuing,
during periods when the fetal heart is known to be developing. No
significant differences in the frequency distribution of coronary
patterns were observed when the resulting offspring were comparcd to
those from control mothcrs.
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Since the variability of coronary artery anatomical patterns
present in these rats is similar to that seen in man, we have sub-
jected rats of different familial backgrounds with different patterns
to atherogenic ("high fat") diets in order to produce coronary artery
disease. Animals were sacrificed at regular intervals and their
hearts removed for gross and microscopic examination. Histological
sections were coded so that their origins were unknown to observers,
and the coronary artery lesions were assigned quantitative scores ac~
cording to the method of Wissler. Preliminary observations indicate
that the severity of the coronary artery lesions more closely cor-
related with the familial background of the animals rather than
specific anatomic configurations of the coronary arteries.

Other rats of similar familial background, but of different ages,
have been subjected to daily exercise while on atherogenic diets, in
order to determine if exercise reduces the severity of coronary ar-
terial atherosclerosis. Quantitative histologic studies are now being
conducted on these animals.

Effects of Dimethyl sulfoxide (DMSO) on experimental myocardial
necrosis.

The effects of DMSO on the healing of isoproterenol-induced myo-
cardial lesions have been determined. The various stages of healing
of myocardial lesions were quantitated according to the method of Gal
and colleagues. These preliminary observations reported last year
were confirmed, {.e., DMSO treated animals had myocardial lesions that
were quantitatively less severe; less myocardial fiber necrosis was
present with the lesions consisting chiefly of stromal alteration; and
residual myocardial fibrosis was less. Additional series of animals
were completed in order that appropriate statistical analysis could be
carried out, These studies are now being prepared for publication.

Hemodynamic and metabolic studies in simian malaria.

Studies of the hemodynamic and metabolic responses to P. knowlesi
and P. coatneyi malaria infections in rhesus monkeys have been com-
pleted. In 5 animals, blocd pressure and cardiac output vere maintained
throughout infection, but at the expense of a marked increase in heart
rate. Right atrial pressures were low. Renal blood flow remained at
normal levels until hemoglobinemia and hemoglubinuria developed, where-
upon it virtually ceased. At the time renal blood flow fell, all the
animals had been oliguric and azotemic for as long as 36 hours. Water,
sodium, potassium, and nitrogen metabolism were studied by balance tech-
nique in 4 monkeys. There was curtailmeat of renal sodium and water
excretion and increased renal excretion of potassium and total nitrogen.
Fecal electrolyte and nitrogen excretion also increased. Plasma elec-
trolyte studies suggest that the salt and water retention was isotonic.
Studies of intrarenal blood flow distribution and blood volume distri-
butjon have been severely hampered by technical difficulties, mainly
related to the small size of the animals, and to abnormal vascular
permeability.
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Regulation of the coronary collateral circulation.

Experiments were continued to study in chronic dogs the relation-
ship of collateral flow during the development of the peripheral cir-
cumflex pressure secondary to chronic constriction, but the experiments
to date have not been successful owing to technical failures. 1In view
of the difficulties encountered, these experiments were discontinued
for the time being and Dr. Pasyk was instructed in the use of the coro-
nary tube in chronic experiments. It appears the method can be used
by others; no trouble was encountered with the method of implanting
the tube, however, there were some complaints about the method of seal-
ing it off. It appears that the flared portion of the tube does not
stand up to repeated usage. Also, the method of bringing it out through
the vibs and skin can be improved. Dr. Pasyk's suggestion of bringing
it out more posteriorly, as opposed to the side of the chest, is worth
pursuing, The work of the previous year was written up and published.

The effect of vasodilators on the coronary circulation before,
during ,and after corouary artery occlusion.

Studies have been made of the effects of the coronary vasodilators,
nitroglycerine,and persantin;” o. the coronary circrlation and on the
corouary collateral circulation in intact, unanesthetized, fully con-
scious, trained dogs. Estimates of coronary blood flow were obtained
from electromagnetic flow transducers implanted on the left circumflex
branch and from precordial measurcments of myocardial clearance of the
isotope Xe-133. The isotope was given intracoronarily via a modified
Barger tube implanted in the left circumflex branch. The vasodilators
were given either intravenously or through the coronary tube. 1In ad-
dition, nitroglycerine was administered sublingually and orally.

When 1-8 ug doses of nitroglycerine were given instantaneously
into the coronary artery, transducer flow did not change from the
control level. However, Xenon clearances were higher than control
values and were associated with a small change in phasic ccronary flow
pattern. This dissociation in response of transducer flow and clearance
suggests a redistribution of flow. At dose levels of 15 pg and more of
nitroglycerine, Xenon clearances and transducer flows increcased in
parallel. A peak response was elicited with 30 pg nitroglycerine given
intracoronarily with no systemic effect occurring. The responsc oc-
curred immediately after injection and was transient in nature. Intra-
coronary persantin gave a similar response but the increase in flow
was much larger and wmaintained.

When nitroglycerine was given as a continuous intravenous infusion
or sublingually, the observed changes in isotope clearance and trans-
ducer flow werc similar to those obtained after intracoronary injection.
At low doses there wvas a 20%-407 increase of isotope clcarance while
transducer flow remained unchanged, At higher dosc levels, a marked
increase in both transducer flow and isotope clearance was noted. Fol-
lowing sublingual administration, coronary flow increasc began at 30
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seconds, peaked at 1% minutes, and continued for 3 minutes. With con-
tinuous intracoronary and intravenous administration, coronary flow
remained elevated as long as the infusion continued. Large coronary
flow responses could be obtained following intravenous slug or comn-
tinuous injection with minimal effects on heart rate, cardiac output,
and blood pressure. Up to 50 mgm of nitroglycerine prepared for oral
administration did not affect the coronary or systemic circulations,

The ability of the coronary vascular bed to dilate was also
measured by determining peak reactive hyperemia following short occlu-
sions of the left circumflex branch, In the normal animal, it was ob-
served that peak reactive hyperemia increased proportionate to the time
of occlusion, i.e.,a 40 second occlusion resulted in a higher peak reac-
tive hyperemia than did a 10 second occlusion., With low doses of nitro-
glycerine and persantin administered during the occlusive period, reac-
tive hyperemia was increased over the value obtained by occlusion only
for the same time interval. When vasodilators were given in massive
doses, the reactive hyperemia response to short occlusions was abolished
indicating the coronary vascular bed was maximally dilated,

Estimates of the coronary collateral circulation were obtained by
measuring the residual pressure in the circumflex branch distal to the
point of its temporary occlusion (peripheral coronary pressure or PCP)
and by measuring isotope clearance during the temporary occlusion. In
the normal dog, PCP remained at a constant level for days even though
multiple short temporary occlusions had been performed. The level of
PCP was partially dependent on the level of systemic arterial pressure.
Vasodilators decreased the PCP pressure pulse but not the mean PCP.

After completion of these studies in the normal dog, the left cir-
cumflex branch was occluded for 24 hours. The development of the
coronary collateral circulation was cbserved., Vasodilators were given
into the coronary bed distal to the site of occlusion, and also intra-
venously in order to ascertain their effects on coronary collateral
blood flow. It is of interest that coronary collaterals appear to
develop rapidly during acute occlusion as evidenced by an increase of
PCP to levels 4-5 times control values within 8 hours of the onset of
occlusion. Isotope clearances showed a similar directional change.
Nitroglycerines and persantin appeared to have no significant effect on
coronary collateral blood flow during this period. ECG recordings

during the course of acute occlusion showed transient ischemia initially.

Aftrer 3-4 hours of occlusion, evidence of transmural infarctjon with
conduction disturbances appeared.

Whan the occlusion of the left circumflex branch was released at
the end of 24 hours, the reactive hyperemis response was greatly di-
minished. The response to nitroglycerine and persantin was also less
than that observed in the control period. The recactive hyperemia
response and the response to vasodilators gradually increased over the
ensuing days and approached control levels 5 days after the release cf
occlusion. After the release of the 24 hour occlusjon, ECG's

33

.,




s i ————————_—. . .

e e A ot e s s e WAt oy e P e T G W e s 4t

RS TR 0t e A A

demonstrated a rcturn to sinus rhythm within 48 hours. However, evi- iy

dence of myocardial infarction persisted.

The coronary circulation in the conscious dog with cardiac
neural ablation.

The controls of the left coronary circulation and myocardial
energetics in the well-trained, unanesthetized dog were delineated by
our earlier studies. The present study was designed to test the im-
portance of the external innervation of the heart to such regulation
under the influence of normal and abnormal stresses. The hearis of
10 dogs were denervated by a stripping technique., Electromagnetic
flow transducers were implanted on the ascending aorta and left circum-
flex coronary artery. A pneumatic cuff was placed distal to the coro-
nary transducer for temporary and permanent coronary artery occlusion.
Tubes were placed in the aorta and corcnary sinus for pressure re-
cording and for biochemical studies., Finally, a tube was chronically
implanted in the left circumflex for drug injection and for measurement
of two indices of the state of the collateral circulation. These were
the level of residual pressure (peripheral coronary pressure) and Xe-133
clearance during temporary and permanent occlusion of the circumflex
branch. Studies werc made for 8-9 wceks on 5 of the 10 dogs. Their
clinical status was excellent. Their acid-base balance and electrolytes
(K and Na) were normal. Their ability to respond after the operation
to stresses such as exercise was equal to that before denervation,
Pharmacological, biochemical and physiological tests for cardiac inner-
vation were negative throughout the study. The systemic and coronary
circulations did not respond to large intravenous doses of tyramine
and atropine; stimulation of the stellate ganglia and their cardiac
fibers just before sacrifice did not affect the heart; the hearts
after sacrifice contained only negligible amounts of catecholamines.

At rest, circumflex flow (20-30cc/100gm/min) and myocardial
oxygen usage (3-4cc/100gm/min) were lower and myocardial oxygen extrac-
tion (14-15 vol.%) higher than in the normal dog. Exercise and excite-
ment incrcased greatly the mean cardiac output and coronary flow and
stroke coronary flow. In the denervated heart, heart rate increase
was delayed and only moderate so that the circulation relied for an
adequate response mainly on a large increase in cardiac output and
coronary flow per hcart beat. This contrasted with the dog with
intact cardiac nerves in which aortic and coronary flow responscs
were obtained mainly by a large increase in the number of heart beats
per minute with only a small increcase in stroke flows even under very
heavy stress. Tilting (head up) also greatly increascd mean and
stroke coronary flow. Exercise increcased oxygen extraction whereas
excitement and tilting decreased greatly oxygen extractions, the coro-
nary sinus oxygen saturation at times incrcasing to as high as 707,
thus indicating massive active vasodilation and a plethora of blood
flow. :

After permancnt coronary occlusion, the findings that pain and
arrhythmia did not develop during the first 3-4 hours were similar
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to those in the innervated heart of the conscious dog (Federation

Proc. 27:632, 1968). K efflux into the coronary sinus was also de-

layed 3-4 hours, Within the first hour, there was a transient rise !
in circulating norepinephrine and, in one dog, the indices of col-

lateral development, Xe-133 clearance, and peripheral coronary

pressure rose considerably,

Myocardial metabolism.

In addition to the findings reported last year on the guanidine
and biguanide derivatives, we now have evidence for specificity to
all three phosphorylation sites by some of these blocking agents,
Most of these studies hgve been done on a system utilizing the energy-
linked reduction of NAD by either succinate or tetramethyl-p-phenylene-
diamine (reduced by ascorbate). This reaction is allowed to proceed in ;
the presence of cyanide with energy supplied by exogenous ATP. Under ;
these conditions, high energy intermediates are generated at all three
phosphorylation sites along the electron transfer chain. As long as
the two reduction reactions are not so tightly coupled as to inhibit
electron flow when one or more of the energy transfer intermediates
are bound to the blocking agent, high energy intermediates formed at
any of the three sites can drive reversed electron flow along any
segment of the respiratory chain. By the use of multiple additions of
the various guanidine derivatives, it has been possible to titrate the
sequential phosphorylation sites and determine the major target of
these inhibitors. These multiple titrations have been carried out on
several of these compounds and several more are in the process of being
done.

We now have direct evidence for the transfer of reducing equiva-
lents from the inside to the outside of heart sarcosomes via the
malate-oxalacetate couple. These experiments were carried out with rat
heart mitochondria using succinate to furnish the reducing equixalents.
1f, after the addition of succinate to the system, cyanide, NAD , and
ATP are introduced into the reaction mixture, there is no significant
reduction of the exogenous pyridine nucleotide. However, when malic
dehydrogenase is then added to the system, there is a short lag phase
followed by a slow reduction of the added NAD . The reaction is faster
in rat liver mitochondria than in the heart sarcosomes but this may
reflect differences in isolation conditions. We plan to further study
this reaction utilizing the PEP carboxykinase of the mitochondria to
furnish malate from added pyruvate. Since this enzymc is present in
some species and absent in others, it should provide a good internal
control for the role of the malate-oxalacetate couple.

Summary and Conclusions.

A heat dilution technique is being evaluated for regional blood
flow estimation fn various layers of the ‘heart and kidney of conscious
animals,

Studies in rats have delineated the effects of exercise and trajn-
ing on the hcart, cardiac blood supply, organ and ccllular development,
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LDH and its isoenzymes, and plasma lipids and lipoproteins. It is
evident that the response and adaptation to exercise vary in different
organs and are dependent on the scverity of excrcise and the age of
the subject.

Genetic studies in rats have shown that prolonged exercise during
pregnancy has little effect on the frequency distribution of genetically
determined coronary artery patterns. The severity of experimentally
induced coronary artery diseasc is related to the animals' familial
backgrounds. Furthermore, exercise, while on atherogenic diets, ap-
pears to reduce the severity of coronary artery disease,

Dimethyl sulfoxide (DMSO) administration to rats with isopro-
terenol-induced myocardial infarct-like lesions altered the healing of
such lesions. The severity of these lesions was quantitatively reduced
in DMSO-treated animals when compared to untreated controls,

The renal responsc to P. knowlesi and P. coatneyi malaria in
rhesus monkeys is characterized by the develcpment of oliguria and
azotemia in the face of normal renal blood flow, intact concentrating
ability, and renal restriction of sodium excretion.

Improvements have been made in the method of chronic coronary
artery intubation,

Studies have been made of the effects of coronary vasodilators
on the normal coronary circulation and on the coronary collateral
circulation in intact, conscious dogs. During coronary occlusion of
24 hours duration, coronary collateral circulatjon increased rapidly
as indicated by peripheral coronary pressure measurements and isotope
clearances. Vasodilators did not change collateral flow during acute
occlusion. Reactive hyperemia and the response to vasodilators were
reduced after release of the 24 hours occlusion, and approached con-
trol levels some five days later.

Chronic cardiac denervation decreascs resting coronary flow and
myocardial oxygen consumption. Adequate response of coronary flow to
exercise, excitement, and positional change is attained by a much
larger increase in stroke coronary flow than in the normal dog. In
tilt and excitement, coronary flow is so high that oxygen extraction
across the myocardium is greatly reduced. Early after coronary occlu-
sion, circulating norepinephrine and indices of collateral development 4
rise, but pain, arrhythmias, and K efflux into the coronary sinus do 3 .
not occur before 3-4 hours. -

Characterization of several inhibitors of cnergy metabolism which
show specificity for certain phosphorylation sites has been carried
out with the aid of a multiple titration technique. Dircet evidence
for the transfer of reducing equivalents across the mitochondrial
membrane via the malate-oxalacetate couple has becn cobtajined. This
system may be of value for studics on the role of high energy inter-
medfates in fntact mjtochondria.
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Description,

Basic and clinical studies to investigate the functions and dis-
orders of blood and the blood forming organs.

Progress.

Patients dying with an infectious disease frequently succumb with
findings of hemorrhage and thrombosis in post mortem specimens from
multiple body organs, These combinational findings sugaest the occur-
rence of disseminated intravascular coagulation in which accelerated
utilization of coagulation factors occurs during the formation of
thrombi and causes a depletion of essential coaqulation factors from
the blood with the subsequent development of hemorrhaoic phenomena.

The importance of this abnormality is that it can frequently be averted
or lessened in severity by prompt anticoagulant therapy., During the
last year, we have undertaken studies of humans and animals with viral,

- bacterial and parasitic diseases in which hemorrhage and thrombosis

have been observed as complications of the disease state,

Serial studies of rhesus monkeys infected with 2 virulent yellow
fever virus (Asibi strain) showed coaoulation abnormalities within 72
hours after injection. At that time and coincident with the onset of
clinical illness there was a prolonaed one stage prothrombin time and
prolonged partial throuboplastin tine, reflecting measured deficiencies
of factors II, V, VII, VIII, IX, X, and XI. Prolonnation of both the
euglobulin lysis time and thrombin tire sugqested that there was a
depression of plasminogen sctivation and accurulation of fibrinogen
degradation products. The latter was confirmed by examination of
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sera with a fibrinogen antisera. Early in the incubation period the
platelet count and fibrinogen levels were normal and did not become
a@norral until the animals were terminally i1l. Since the coaqula-
tion changes occurred coincident with detectable vircmia and before
alterations in liver function tests and evidence of hepatic necrosis
in liver biopsy specimens, there is convincing evidence that hemor-
rhagic manifestations are caused by a consumptive coagulopathy in
addition to hepatic failure.

Studies in quinea pigs infected with Argentinian hemorrhagic

* fever (Junin) showed these animals died with widespread evidence of
thrombosis and hemorrhage. Coagulation tests becowme abnormal approxi-
mately seven days after viral inoculation and just prior to the onsct
of clinical illness and worsen when the animals become moribund, These
animals show a marked thrombocytopenia and leukopenia in addition to
deficiencies of factors V, VII, VIII, IX, X, XI and XII with evidence
of fibrincgen degradation products in sera.

Studies of the consumptive coaqulopathy observed in malarious
rhesus monkeys and reported during the previous fiscal year were con-
tinued, Heparinization of monkeys not only prevented the occurrence of
marked changes in coagulation but also depressed the number of circu-
lating parasites in the blood of anticoagulated animals. The effect of
heparin secmed dissimilar to the effects of other antimalarial drugs
because parasitemia recurred and the animals died within a few days
after cessation of therapy. Ve believe the heparinization produces
alterations in the host rather than a pharmacologic effect upon the
parasite either by making the invasion of red blood cells less suc-
cessful or by decreasing the availability of substrates which ave
required for optimal parasitic growth.

Coagulation studies have been performed in humans with chloro-
quine resistant P, falciparum malaria, fulminant meningococcemia and
Korean hemorrhagic fever. In each of these diseases coagulation ab-
normalities exist which sugqgest the occurrence of accelerated intra-
vascular coagulation. Only severely i11 patients with marked coagula-
tion abnormalities have been heparinized. In malarious patients
heparin therapy seemed to have a demonstrahle salutory effect. Evi-
dence is less convincing in the patients with meningococcemia and
Korean hemorrhagic fever. Whether patients who are moribund with
a consumptive coagulopathy are beyond help with anticoagulation
therapy or whether they should be administered fresh plasma to re-
place depleted coagulation factors coincident with the administra-
tion of heparin demands further investigation.
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Since the advent of corrective surgery for patients with congen-
ital cyanotic heart discase, disordered hemostasis has been recoq-
nized in those with marked secondary erythrocytosis., Hemorrhage and
thrombosis are frequently observed as complications of surgery and
thrombocytopenia has been reported in many children with a hemato-
crit greater than 65 per cent. The referral of a cyanotic child with
transposition_of the great vessels because of a platelet count of
17,000 per mn3 led to the performance of coagulation studies. These
tests showed deficiencies of the labile clotting factors (V and VIII)
with evidence of excessive accumulation of fibrinogen degradation
products in serum specimens. Heparinization markedly improved these
abnormalities, indicating that they vere caused by excessive de-
struction and not by impaired production of coagulation factors. This
correction of severe coaqulation abnormalities permitted the perform-
ance of corrective surgery. Subsequently, we have performed coaqula-
tion studies in additional patients with cyanotic congenital heart
disease and found evidence of a consumptive coagulopathy in all pa-
tients with severe erythrocytosis. It is believed that these findings
h?ve provided a method for reducing the risk of surgery in these pa-
tients,

Studies are in progress to delineate the etioloay of the consump-
tive coagulopathy in cyanotic congenital hecart disease, The possibilily
that the coagulation abnormalities were caused by erythrocytosis led
us to perform coaqulation studies in monkeys at intervals during their
stay and following their removal from a hypobaric chamber, The pos-
sibility that this might produce abnormalities was suggested by the
frequent occurrence of thrombosis among persons exposed to high alti-
tudes. The rhesus monkeys were brought to a simulated altitude of
17,500 feet and maintained at approximately 0.5 atmosphere for 28 days.
Animals developed a prolonged prothrombin {ime and partial thrombo-
plastin time, reflecting decreases in factor V, VIII and XI activity
in the circulating blood., Thrombin times were prolonged despite
normal fibrinogen levels, suggesting the presence of circulating
fibrinogen degradation products. This was confimed b, inmuno-
diffusion studies with antifibrinogen antisera. These changes did
not occur until the animals had marked erythremia and could be
averted by heparinization of the animals, Removal of the animals
from the hypobaric chamber caused hemostasis to return to normal as
the hematocrit decrezsed touards norinal values, This latter finding
suggests that the cecagulcpathy is more related to increased erythro-
cytosis and changes in blood viscosity rather than hypoxia. Further
studies are needed to investigate this hypothesis.
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The military requirement to station large numbers of soldiers
in malarious areas has led to renewed interest in the chemoprophy-
laxis and treatment of malaria, Obviously, drugs which markedly alter
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the metabolism and survival of the malaria parasite are likely to be
toxic to man, Throughout the last two decades the therapeutic and
chemoprophylactic doses of chloroquine and primaquine have been ad-
Justed to permit maximal antimalarial effectiveness with minimal side
effects to humans. This problem is complicated by the increased
susceptibility of humans with certain genetic defects which make them
less tolerant of certain of the antimalarial drugs. This latter prob- ;
lem was initially recognized by Alving because many U. S. Negroes |
have a mild deficiency of glucose-6-phosphate dehydrogenase in their i
red blood cells and the administration of primaquine caused a moder=~ 5
ate hemolytic anemia, The current drug regimens for malaria were ad-

Justed to permit the administration of effective doses of primaquine

that would not cause sufficient hemolysis in affected Negroes to

impair their normal state of health or performance, Caucasians with

G-6-PD deficiency usualiy have a more severe enzymatic deficiency and

develop a more profound anemia in response to primaquine therapy. We

have attempted to quantify the response of Caucasians with G-6-PD

deficiency to conventional doses of primaquine to ascertain problems

that can be antfcipated with continued large scale administration of
antimalarial drugs and to formulate recommendations regarding the

proper utilization of these individuals, A standard prophylactic

antimalarial dose of primaquine causes a destruction of about twenty

per cent of circulating red blood cells in Caucasians in comparison

to an eight per cent hemolysis in Negroes with G-6-PD deficiency.

Compensation of the anemia occurs rapidly in both groups because of

the reserve capability of the bone marrow to produce excessive quanti-

ties of red blood cells., Even though a mild anemia and jaundice are

usually observed in Caucasians, no serious side effects or impairment

of performance occur in the normal state of health of these individuals.
Howaver, based upon clinical histories of these patients, it was as-

certained that they sought hospitalization usually with an infectious

disease and that the anemia was more profound following administre-

tion of primaquine during the acute or convalescent phase of the

other {1lness than was observed in our experimental studies. This

would seem to be related to an impaired reserve capability of the

bone marrow during the course of many viral illnesses, More recently,

patients have been evacuated from Vietnam because they developed

cyanosis and fatigue in association with the ingestion of anti-

malarial drugs. Studies of these patients have shown that they

develop significant and clinically apparent methemoglobinem:> in

response to conventional doses of antimalarial drugs, These patieris

have been shown to have a heterozygous enzymatic deficiency of NADH
methemoglobin reductase, Studies with the various antimalarial drugs

used for thorapy and prophylaxis have shown that chloroquine, prima-

quine and diaminodiphenylsulfone (DDS) will increase blood levels of
methemoglobinemia 1n affected subjects. Studies are {n progress to

quantify these effects.,
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Studies of the effects of localized irradiation to a single
extremity of rats showed that doses of 1,000 or 2,000 R were fol-
lowed by a disappearance of normal bone marrow with a reappearance
of hemopoietic rells in the irradiated marrow several months later,
However, if the radiation dose was 4,000 R or greater, a permanent
marrov aplasia ensued and there was no repopulation of the marrow
space with hemopoietic tissue either from adjacent nonirradiated
marrov or following the intravenous transfusion of donor marrow,
However, if the marrow spaces were mechanically disrupted and
curetted and then normal marrow was injected into the cavity, there
vas regeneration of bone marrow with restoration of normal paren-
chymal and sinusoidal architecture, Intravenous administration of
bone marrow to animals following curettage failed to produce this
salutory effect.

Previous investigations in both man and animals showed per-
sistent changes in circulating erythrocytes after splenectomy. 1In
humans, hypertrophy of accidentally implanted splenunculi can nullify
the therapeutic effects of splenectomy. In experimental animals
splenic implants become functional and enlarge in response to certain
stimuli and atrophy when deprived of their normal hemolytic function,
To ascertain and quantify the capability of splenic implants.to restore
normal splenic function, we splenectomized rats and returned the ex-
cised organ to the peritoneal cavity of one-half of the animals. The
tissue remained viable and was forty par cent of the weight of spleens
in comparable nonsplenectomized animale, This amount of regenerated
tissue prevented the morphologic erythrocytic abnormalities observed
in asplenic rats, leptocytes and red blood cells with inclusion bodies
did not accumulate in the peripheral blood and prevented the changes
in ratio of volume to surface area usually observed in splenectomized
animals. Contrariwisz, abnormalities in osmotic fragility studies
persisted indicating that various splenic functions require various
amounts of splenic tissue.

Heme binding to albumin and to the beta globulin hemopexin was
studied in plasma from normal subjects and patients with hemolytic
disorders utilizing electrophoresis and irmunodiffusion techniques.
Deficiency of hemopexin was found in some patients with depleted
haptoglobin and was related to elevation {n the plasma heme pigment
levels, Hemolysis unaccompanied by hemoglobinuria did not result
in hemopexin deficiency. After cessation of hemolysis, hemopexin
reappeared in the plasma prior to or simultaneously with haptoglobin,
It was shown that hemopexin deficiency can exist with normal hapto-
globin levels in patients in wiom nonhemoglobin heme is released
into the plasma.

Investigation of a soldier evacuated from Vietnam with a

hemolytic anemia which occurred coincident with the ingestion of
antimalarial prophylactic drugs demonstrated a previous undescribed

hy
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red blood cell enzymatic abnormality. Studies of the soldier's family
demonstrated a similar defect which seemed to be inherited as an
autosomal dominant, Unlike reported cases of pyruvic kinase deficien-
cy, these patients had an erythrocytic enzyme activity with a normal
Vmax but a markedly elevated Ky indicating a reduction in the affinity
o?athe enzyme for its substrate, although at high substrate levels

its activity vas almost normal,

The 1aboratory has continued collaboration with the International
Committee for Standardization in Hematology. The purpose of the organi-
zation is .to provide uniform methods and standards throughout the
world so that results of nutritional hematologic studies from various
geographic areas can be compared, Previously, this laboratory contrib-
uted significantly to the standardization of hemoglobinometry by the
development of acceptable standards, Current vork involves the de-
velopment of an acceptable standard for serum iron and transferrin
measurements and the standardization of methodology.

Summary and Conclusions,

Coagulation studies in selected viral, bacterial and parasitic
diseases have demonstrated that accelerated intravascular coagulation
occurs and may play an important role in both tiie morbidity and mortal-
ity. Similar abnormalities were found in congenital cyanotic heart
disease and in animals exposed to an environment simulating 17,500
feet altitude. The coagulation abnormalities in.certain of these
disorders and presumably the complications of bleeding and thrombosis
can be averted by heparin therapy. The adverse effects of antimalarial
prophylaxis in Caucasians with G-6-PD deficiency and subjects with
NADH methemoglobin reductasc deficiency were described and quantified.
Studies of the effects of large dose localized irradiation were per-
formed. Permanent damage to the bone marrow was corrected by curet-
tage of irradiated tissues and replacement with normal bone marrow.

A new enzymatic abnormality of red blood cells was studied. Quanti-
tative studies of splenic function were performed. Collaborative
efforts to establish internationally accepted standards for hematoloqy
were continued,
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Project 3A014501B71R, RCSEARCH IN BIOMEDICAL SCIENCES
Task 02, Internal Medicine
Work Unit 087, Gastrointestinal disease
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Description.

The Mission of the Department of Gastroenterology is centered on
the basic investigation of the pathophysiology of diarrheal diseases.
Studies in progress include intestinal water and salt transport, neural
control of motility and its pharmacological control, the intestinal
disaccharidases, gastric and intestinal vascuiar architecture. The
response of the liver to chemical trauma is also under investigation.

1. Pathophysiology of Diarrheal Disease.

Description.

Several investigators in this department have embaiked upon an
integrated study of the pathophysiology of diarrheal disease. The areas
of investigation being pursued include studies of intestinal transport
of water, electrolytes and glucose in diarrheal conditions, intestinal
enzyme activity in malabsorption and diarrheal conditions, intestinal
smooth muscle reactivity during diarrheal conditions, and the micro-
vasculature of the intestinal mucosa. Activities during the past year
have been mostly concerned with gathering control information in the
above areas plus stand~rdizing animal models of diarrheal disease.
Actual studies of intestinal pathophysiology in Salmonella typhimurium
infection have been completed in several of these areas.

Progress.

A. Intestinal Smooth Muscle Reactivity and Neuropharmacology.

The receptor mechanisms involved with the adrenergic innervation
of intestinal smooth muscle have not been resolved. The effects of
differential receptor site blockade techniques on periarterial nerve
stimulated inhibition of the intestine have been studied in this de-
partment. The results clearly indicate that the adrenergic nerve
supply in the rabbit is distrubuted to beta receptor mechanisms. In




light of recent histochemical evidence that the intestinal adrenergic
nerves terminate in the region of Auerbach's plexus, the study was ex-
tended to gather functional information on this possibility. A series
of experiments was performed in which mecamylamine was used to achieve
blockade of Auerbach's plexus. The results showed a definite attenua-
tion of beta receptor site action with no loss of alpha activity, and

& decreased nerve stimulated inhibition of rhythmic contractions. This

observation indicates that sympathetic nerve inhibition of the intestine
is mediated via beta receptors which are, in some way, functionally
associated with the neuronal elements of Auerbach's plexus. The func-
tional implication of the study is that the sympathetic nervous system
functions to adjust the excitability of the intestinal contractile mass
by buffering the excitability of the cholinergic post ganglionic para-
sympathetic neurons. These data have been submitted for publication.

The actions of many bacterial agents or toxins on the gastro-
intestinal system are strongly influenced by the functional states of
the innervation and the adrenergic control mechanisms. A study is under-
way, in collaboration with the Department of Applied Immunology, to eval-
uate the effect of Salmonella typhimurium infection on the fundamental
properties of intestinal smooth muscle excitability and pharmacological
reactivity. In a pilot study of a group of infected rats, changes in
both cholinergic and adrenergic responses were detected. The intestinal
sensitivity to cholinergic stimuli was increased, vhereas the inhibitory
effects of alpha and beta stimulation were decreased. Since the guinea
pig terminal ileum possesses exciiatory alpha and inhibitory beta adren-
ergic receptors, as described in this laboratory last year, this animal
has been adopted as our model to elucidate the effects of Salmonella in-
fection on pharmacological responses. In an in vitro study of guinea
pig ileum subjected to acute Salmonella enteritis, it was obscrved that
there is an increased sensitivity to acetylcholine, a marked diminution
of beta inhibitory responses and essentially complete loss of alpha ac-
tivity. In many instances the alpha response was actually reversed to
become inhibitory in nature. In addition, the ileal segments demon-
strated spontaneous, large amplitude contractions which occurred rhyth-
mically. These latter contractions may be a result .i the loss of beta
receptor inhibitory influence on the ganglionic cells of Auerbach's
plexus. This study is being extended to characterize intestinal cholin-
ergic and adrenergic responses in long term chronic Salmonella infections
and early phases of the acute infection.

A study is being conducted in collaboration with The Department
of Pharmacology, Division of Medicinal Chemistry,on a radiation pro-
tection agent, WR-2823, which has secondary action as an alpha adrenergic
receptor blocking agent. WR-2823 and its thiol derivative, WR-1729, have
been tested in several animal species by an in vitro analysis of the
effects of the agents on intestinal and aortic strips. Tissues from an-
fma)s pretreated with the agents demonst:ate blockade of aortic alpha re-
ceptors and no loss of intestinal alpha activity. The addition of the

nds to & organ bath containing nontreated tissues also results in

alpha blockade of the aorta with no effect on the intestine. It is only
after exposure to repeated high doses of WR-1729 in the tissue chamber
that there occurs attenuation of intestinal alpha receptors. The rate
of onset and effectiveness of b!ockgﬁF with the thicl derivative is
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greater than with the parent compound, suggesting that WR-2823 is
metabolically dephosphorylated in vivo to yield the active form of the
agent. This material is being prepared for publication.

Preliminary experiments are unde'way to establish two new protoco]s
in this segment of the departmental mission. The first entails an in
vitro a'4 in vivo analysis of the interactions between intestinal longi-
tudinal and circular smooth muscle layers. These procedures, when per-
fected, will be employed in determining the mechanisms involved in adren-
ergic inhibition of longitudinal and circular muscle layers; the neuro-
logical and pharmacological basis of reflex interactions of the muscle
layers; and the effect of various diarrheal agents on the interactions
between the layers. Early results indicate that there is an inhibitory
effect on longitudinal muscle resulting from circular muscle contraction
and that this response is independent of neurcnal elements.

The second new protocol involves the characterization of intestinal
mucosal reflex mechanisms and their associated mucosal receptor mecha-
nisms. An intestinal perfusion procedure has been developed to test the
interactions between luminal distension and the action of mucosal 5-hydro-
xytryptamine receptors. These studies are being done in collaboration
with The Division of Biochemistry. The procedure is to be applied imme-
diately to an evaluation of mucosal reflexes in the human. To this end,
liaison has been established with The Gastroenterology Service, WRGH, and
procedures for measuring human intestinal motility developed. An initial

trial of dual perfusion/fluid sampling and motility recording is scheduled.

B. Microcirculation of the Gastrointestinal System.

A study of the normal microvascular architecture of the monkey
(Maccaca mullata) small intestina) mucosa has been published. With the
aid of a silicone rubber injection procedure, the following observations
were made: The arterial supply to the mucosa is distributed to the under-
surface of the mucosa and runs directly into the capillary plexus sur-
rounding the crypts of Lieberkuhns. The villus blood supply is derived
directly from the cryptic plexus by an extension of capillary channels
that lead into the villus to form its capillary net. Venous return of
the villus is accomplished through a single, centrally located vencus
channel that extends through the villus to join the mucosal and evertu-
ally submucosal venous return vessels. There is a secono set of venous
channels that extend directly from the cryptic plexus to mucosal veins.
It was proposed that these secondary venous channels represent a mech-
anism to regulate the distribution of blood in th: mucosa of the gut.

In such a mechanism, regulation of the state of constriction of the
secondary veins would possibly adjust the blood flow through the villus
capillary net. A paper describing the technique of using silicone rubber
for microvascular studies, tissue processing and microscopic photography
has been published in collaboration witi. Mr. John E. McClain, Photo-
micrographic Section, Medical Audio Vi-ual Branch.




“tion studies, there are no data in the literature regarding what possi

-In collaboration with Dr. Melvin Small, Dept of Gastroenterology, D. C.

C. Intestinal Transport of kater, Elecirolytes and Glucose in
Diarrheal Conditicns.

~ In order to study the alterations in the intestinal -transport of
water and solute caused by infectious diarrhea, experimental systems and
techniques of analysis have been devised and perfected. Polyethylene
Glycol (PEG) is a commoinly used nonabsorbable reference substance for
measuring net water changes in intestinal absorption studies. This lab-
oratory has modified the turbidimetric analysis of PEG by use of a veg-
etable gum (qum arabic) as an emulsifying agent which has resulted in
a simpler, more accurate, and reproducible chemical determination. This
method has baen published.

“Although PEG has been fairly extensively used in intestinal absorgi
e
effect this substance may have on the absorption of water or other solutes.

General Hospital, the effect of graded amounts of PEG on D-Xylose absorp-
tion has been studied using a modified Cori technique in rats. No effects
on D-Xylose absorption could be demonstrated with concentration of PEG

up to 32.5%, verifying the usefulness of PEG as a nonabscrbable water
marker in intestinal absorption studies. The details of this study are
currently being prepared for publication. A small animal intestinal per-
fusion technique has been perfected and intestinal water, electrolyte,
and glucose transport have been studied in jejunum, ileum, cecum and colon
of rats and guinea pigs in order to find a suitable animal model in which
to study diarrhea. These studies of normal intestinal transport have af-
forded data for the following two comminications. 1) The relationship
between water and solute transport at various levels of rat intestine has
been examined in devuil. It was found that fluid is transported isoton-
ically with respect to the osmotic activity of the mucosal solution from
the jejunum, but the transported fluid becomes increasingly hypertonic

in ileum and colon. Furthermore, net fluid transport was, in general,
zero when net solute movement was zero. These findings probably reflect
the decreasing membrane permeability (i.e.,effective pore radius) as one
moves distally in the intestine and lends support to the theory of a pas-
sive mechanism of water transport by the gut. This report is currently
in press. 2) Examination of the patterns of water, electrolyte, and glu-
cose transport by the different segments of rat and guinea pig intestine
has revealed significant species differences. The use of a glucose con-
taining perfusion solution results in a 2-3 fold increase in water absorp-
tion and a 1 1/2 fold increase in sodium absorption from rat small bowel.
By contrast, in guinea pig small intestine, a significant secretion of
H,0 and NaHCO, occurs during intestinal perfusien. The gquinea pig may
sgrve as a us2ful model for the study of the int stin?ﬂ secregory phenom-
ena which have been suggested to occur in several pathological conditions
in man. An abstract of these experiments has been published and a full
report has been tentatively accepted for publication.




In conjunction with Dr. Semuel B. Formal, Departrent of Apglied
Inmunology, and Dr. Ronald Maenza, Department of Experizental Pathology,
Halter Reed Army Institute of Research, a model of Salmonella enterocolitis
(S. typhimurium) in the white rat has been devised. An abstract describing
this disease model has been published, and a full report is in preparation.

Water, electrolyte, and glucose transport were studied in the jejunum,
ileum and large intestine in rats with Salmonella ileocolitis. In ani-
mals with ileocolitis, but no diarrhea, a diminution of water and solute
transport was apparent at all three intestinal levels. In animals with
ileocolitis and severe diarrhea, transport at the jejunal and large intes-
tinal levels was decreased, but to a no greater extent than in the pre-
vious group. However, in these animals with diarrhea there was, in all,
secretion of water and electrolytes into the ileum. Thus,ileal secretion
appears to be a major physiological determinant of diarrhea in this dis-
ease model. An abstract of this study has been published and a full re-
port is in preparation.

Future work will be concerned with elucidating the mechanism of
ileal secretion in this experimental diarrheal condition. This will in-
volve study of bidirectional fluxes of electrolytes by use of radioactive
tracers, and determination of transmembrane electrical potential differ-
ences. These studies will be performed in vivo and in vitro in this and
other models.

D. Intestinal Enzymes.

The adult population in Thailand exhibits an intolerance to lactose
correlating with a very low level of lactose splitting enzyme in their
intestinal mucosa. Feeding lactose did not stimulate an adaptive en-
zyme response. The lactose intolerance appears to develop at about 2
years of age following a period of milk utiiization from birth.

There are apparent enviromental effects on intestinal enzyme systems.
In cooperation with the U. S. Component, SEATO Medical Laboratory, Bangkok,
disaccharidase activities on biopsy from the small bowel are being deter-
mined on Peace Corps workers upon their arrival in Bangkok and again after
1 to 2 years in this environment.

Certain correlations between mucosal and fecal enzyme activities
have been studied. Fecal material from germ-free mice show considerable
disaccharidase activities. Since there are no bacteria present in these
specimens, the activities must be due to either the sloughed off mucosal
epithelial cells or enzymes secreted into the intestinal lumen. Prelim-
inary studies on conventional mice to note the effect of fecal bacteria
on the fecal disaccharidase activities have given results equal to or
slightly less than that of the germ-free animals. Correlation studies
on Lhe disaccharidase activities of human stools and their paired intes-
tinal biopsy continue. -
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2. Experiments with Liver Demage.

Description.

As the major metabolic organ of the body,the liver is vulnerable
to injuries through a wide spectrum of nutritional and metabolic dis-
turbances, and through a wide variety of toxic and infectious diseases.
These problems can become acute whenever the situation which brings
about strenuous environmental conditions in a large mass of people a-
rises. In this respect, liver injuries from nutritional, tcxic and in-
fegyigus causes always constitute one of the major problems in military
medicine.

With the great regenerative capacity of the hepatic organ, acute
liver injury heals relatively easily with removal of causative factors
and, in clinical cases, with proper medical treatment. When injurious
effects on the Tiver persist for a prolonged period of time, however,
the pathogenetic mechanism which cause permanent 1iver damage, cirrhosis,
is initiated. The main aim of this project is to study experimentally
the pathogenesis of cirrhosis; that is, why and how an acute liver in-
Jjury progresses to a permanent, irreversible Tiver damage.

Progress.

The first experimental model adopted for the project was the liver
damage caused by carbon tetrachloride poisoniug in rats. A substantial
part of the work was already described in the last progress report. This
project was completed during this report period, and the detail of the
work was published in two parts in the American Journal of Pathology.

In these studies, the pathogenesis of carbon tetrachleride induced liver
damage, from the acute state to the cirrhotic stage, is explained, delin-
eating four stages of the cirrhotic course.: (1) diffuse destruction of
centrilobular microvasculature; (2) hepatic venous regeneration aleng

the circulatory periphery of sinusoids; (3) lobular dissection by regen-
erating hepatic venous radicles with formation of portahepatic venous
shunts; and (4) sclerotic change of mesenchymal tissue with formation

of cirrhotic scarring.

The second experimental model used was liver damage caused by
butter yellow (p-dimethylaminoazobenzene, DAB) feeding in rats. The
experimental phase of this work was completed, and a paper dealing with
the results is being prepared for publication. The resuits of this work
showed that, in butter yellow feeding, the distortion of hepatic micro-
architecture and the development of cirrhosis occur because of abnormal
proliferation of hepatic cells in the periportal areas. Thus, the hepat-
ic lesion in butter yellow feeding develops differently from that in
carbon tetrachloride poisoning. This pathogenetic difference of exper-
imental cirrhosis between carbon tetrachloride poisoning and butter
yellow feeding seems to be particularly interesting in analyzing the
pathogenicity of different types of human cirrhosis.
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Studies on liver injuries caused by other hepatotoxins (phosphorus,
allyl formate, etc.) and nutritional deficiencies (choline deficiency,
protein deficiency, ethionine feeding, etc.) are still in early phases
of development. Through the accumulation of these data, this project
will assist the understanding of the pathogenetic mechanisms in which a
zariety of acute liver injuries progresses to chronic, irreversible liver

amages.

Summary and Conclusions.

Several areas of normal and pathologic intestinal physiology have
been investigated which are pertinent to the understanding of altered
mechanisms involved in diarrheal diseases. They include the studies
concerned with neuromuscular mechanisms of the intestine: 1) The local-
ization of the intestinal beta adrenergic receptors in gangalia; 2) The
findings suggesting that the beta rather than alpha adrengic receptors
are innervated, and 3) The finding that Salmonella infections are asso-
ciated with intestinal hypersensitivity to acetylcholine, and depression
of alpha and beta adrengenic receptor reactivity. Studies concerned with
salt and water transport in the normal rat and guinea pig; and the depres-
sion of salt and water abhsorption in Salmonella infections with reversal
of the direction of bicarbonate passage. Concepts ragarding the intes-
tinal microvasculature have been altered significantly due to the studies
described herein.

A survey of the small intestinal disaccharidase activities of normal
Thais revealed low levels of lactase activity aleng with reduced lactose
absorption. The activities of these enzyme systems were drastically re-
duced in monkeys subjected to shigella infections. Studies are in progress
to describe the distribution of these enzyme systems in the intestinal
tract of several animal species as well as an evaluation of enzyme sta-
bility during sampling, handling and storage procedures.

Studies of the pathogenesis of carbon tetrachloride intoxication of
the liver cdemonstrated destruction of centrilobular microvasculature with
hepatic venous regeneration along the circulatory periphery of the sinus-
oids and sclerotic changes of mesenchymal tissue. I studies in which
changes were induced with p-dimethylaminoazobenzene tke changes include
abnormal proliferation of hepatic cells in the periportal areas.
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Project 3A014501 B71R, RESEARCH 1N BIOMZUICAL SCIENCES
Task 02, Internal Medicine
Work Unit 088, Military Nursing

Investigators, :
Principal: LIC Phyllis J. Verhonick, ANC
Assoclate: LIC Miriam K, Ginsberg, ANC
LTC Glennadee A, Nichols, ANC
VAJ Rosemary T. McCarthy, ANC
MAJ Beverly A. K., Glor, ANC
CPT Zane E. Estes, ANC '

Descrigtion.

Investigations in Military Nursing are planned to explore verious
aspects of nursing practice in the military. The overall aim of
research under this work unit is to idertify and test principles
underlying nursing care and to recognize differences in military
nursing from civilian practice. Nine nursing studies are reported.

Clinical manifestations and rursing care requirerents were
described after observation in the Republic of Vietnam of fifty
patients with falciparum marlaria. This study will serve as a
basis for identifying areas for future study.

When fever is present in disease, sponging to reduce fever
is frequently indicated and it is the nurse!s rcsponsibility to choose
on gppropriate method for the desired effect. Selected techniques
for fever reduction were comwpared in nine patients with falciparum
malaria for their effect on body temperature, pulse rate, respiration
rate, and blood pressure measureent.

Previous studies of the reproducibility of blood pressure have
indicated a need for further exploration of similarity of readings
between graduate nurses, rursing students, and nursing attendants.
This phase has been cormpleted and is being reported in the open
literature.

Exploration of the validity of the recordings made by obscrvers
is under current study. Film sequences, electronically synchronized
with sound of the mercury monometer, showing the cffect on mercury
during the blood pressure meagurerent process were made {or norro-,
hypo-, ard hyper-tensive subjets., These films were displayed with s
model arm, blocd pressure cuff, and stethoscope ¢ b used in mass
collection of data, Each sudject was given two blood pressures to
record; the second reading was the only one used for analysis.
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Chlorpromazine hydrochlorice is 2 peolerly used trongnilizing
drvg which may cuto-oxidize in the presince of lizht, In erder to
define margins of safety during periods of huindling prior to actual
administration to the patients, a study was desipned to cvaluzte the
- rapidity of avito-oxidation and ihe intensity of light rcquired.

This study is currently being prepared for publication,

Observation and evaluation of decubitus ulcers in patients
returning from Vietnam have been made, This concludes the study
concerned with identification of the pathology in this type of
nursing care problem,

Continuity of care, as defined by administrativc nurses, health
nurses, and hospital care nurses has been anzlvzed. DNifferences in
perception will be compared in relation to age of nurss, ycar of
graduztion from school of rursing, public health elucaticn, and
experience,

The Arwmy Nurse Corps sponsors a greduate lc.el cducational
program in basic sciences, application t¢ nursirg practice,
commmnication skills, and rcsearch rethodology c2lled the Military
Nursing Practice and Research Course, The gracuctes of this progran
are 25 in nurber, The militery assignrents of these ANC officers, from
entry on active duty until present, have been surveyed in order to
observe career patterns.

Classic methods of indirect colorirsatry will be used to evaluate
the energy cost of selected patient and nurse activities. This study
is an extension of work done by the investigastor at a civilian
university,

Progress.

The observations of falciparum ralaria cere rade in Vietnanm are
nov in press. Exploration of the original data has indicated
differences in syrptomatology beticen these patients who had no
relapses and those who did. Follow-up letters to the original
fifty patients and further study of grcater numbers of malarial
cases wil) be used to develep, if possible, a scrics of syrptons
wvhich could be used as a predictor of future relapse.

Two techniques for fever reduction were corpared, Cne was the
use of ice bags to groin and axilla, and the other was applicatien of
cold packs to the cintire bedy, Results of this corparison show a
statistically significant differcnce in reduction of body terperature
but in no other physical parareter under study. It is anticipated that
this regearch will be extended to include these and other fever
reduction methods on a larger sarple of cascs.




Ire find o €7 rediztiliyy af blood presswre rrasarerond wore
eonsisient with all olicr suoh stuilcez; d.c., there is no diffcre. ce
betwecen observers if they are usirg the ga:> procedure 2:d equipiiat,
In the validity strdics, blood pressure readings were made and recerded
by more thzn & thousand persons aticnding the Averican Kurses!
Convention this yeur. Cf this nurber of subjects, about 800 readings
w2re made by registered nurses and are currently being coded for
sutomatic data processing and analysis.

The study of auto-oxidation of chlorpromazine hydrochloridc
showed only tap water caused oxidation to any appréciable extent
ani that the prime factor was the neutrality or alkalinity of the
diluent.

Five orthopedic patients with decubitus ulcers who were injurcd
: in Vietnam vere observed during tuis fiscal year, Their response to
1 carc will be added to the corplete census of decubitus ulcer patients
: and will be reported in the open literature.

Tho perception of administrative, hcalth, and hospital cere
mrses in relation to continuity of carc has beer analyzed as follous:

Differences in Concepts of Continuity by Taree
Groups of Arry Hurse Carps Officers

Selected Avmy Healtl] iwurse Hospitsl
Corcepts Nurses Administrators Care Nurses
Percent Percent Pereent
Total Patient Care 35 32 32
Team Approach to Care 5] 31 28
Uninterrupted Care 34 3 35
Prevention 20 3L Lé
Functions ¢f Mursing 27 50 23
Fanily Involverent ke 3l 17
Military Concern 33 Lk 23

Thirty-one malc and forole Ariy nurses aave begun the Military
Rursing Practice oand lcscarch Course. Ons class was curtailed due
to exigencies of the war in Vietnam, One student withdrew frox
the course belore conpletion,
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Tebie 1 s the cucentiv sy acveecis of the ro xinineg 23 pracuztes

8§32z oo pdohiog e courres

Table 1 Deprees o Graduates of 0Pl Course

Uo7 BREGr Ing TreT Courso
Depree BS FS Total

Since 3 7 - 7
Gradu.
ation | S by 13 17

X 0 1* l

Tou 11 U 25

Twlfow 1 ULl ting scuooling Yov uhis degree.

Table Il shous the nuwrber of kcy assignuents vhich required individeal
consideration by the assignrient branch, such as instructor, career
counselor, chief nurse, and rezearch assignuentr,

Teble I1 Kcy Assigrinenvs of Gracduntes of the Mii&il Coursc

S

DilihE AT Slnivany

BS e IS

3uux 535 a5

Age at Survey 35

Key Prior to Courve 2 0 0 2
Assign-
nents Since Ccurse 0 1l

o
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Both Prior &
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0
Never 3 1 0 1
TCTAL 5 3 0
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Surmary and Conclusions,

The nine studies being conducted related directly or indirectly
to the nursing care needs of the military patient, The nursing
observations of the care of patients with falciparum malaria will
be a guide to patient care expectations, Fever reducing techniques,
vhen more data are obtained, will provide guidelines for all levels
of medical service, Reliability and validity evaluations of blood
pressure measurements will provide information leading to more accurate
and reproducible readings in patient care areas., Auto~oxidation has
been found to be of a lesser factor in the administration of chlorpro-
mazine hydrochloride than heretofore considered. A summary of decubitus
uwlcer nursing care is anticipated for the futurs, Health nurses,
administrator nurses, and hospital care nurses have similar perceptions
of continiuty of care which suggest that further study might prove
helpful, More time is needed to evaluate the effect of the Military
Nursing Practice and Research Course in the career development of
Army Nurse Corps Officers., Energy cost studies will provide knowledge
of energy needs of patients during different activities.

63




Publicatiqgg.

, 1. Verhonick, Phyllis J. "Teaching and Resecarch in Nursing,"
“ Bulletin des Infirmiercs Catholiques Du Canada, 3k:
L7220, TuilTet=Uctolre 1967, Wo. L-5, (iravawd:
du Congres Nord-Americain du CICIANS, Montreal 20-2l
juin 1967)

2. Nichols, Glennadce A. and Verhonick, Phyllis J, "Time
and Temperaturc.” The Anerican Journal of Nursing,
67: 23042306, Novewber L1967,

3. Verhonick, Phyllis J.,, Nichols, Glennadee A,, Glor,
Beverly A. K., and McCarthy, Rocemary T. "I Came,
I Saw, I Responded: Nursing Observation and Action
Survey." HNursing Research, 17: 38~lL), Januvary-
February 1965, -

S

L. Nichols, Glenradeec A, and Glor, Beverly 4. K. "Supportive
Research Roles in Army Nursing," Nilitary Medicine,
133: 57-62, January 1960,

5. Ibid "Temperature Taking Times in Vietnam," kilitery Medicine, 3
133: 151158, Februvary 1968. ;

oy gara
SR 4

6. Nichols, Glennadec A. "Sterile Shelf-Lifc Prolonged by Use
of Plastic Quter-irap," FKospital Topics, D-63-6l,
February 1968,

7. Ibid "Measuremenis of Oral Terperature in Children,®
T Journal of Pediatrics, 72: 253-255, Februsry 1968,

8. Nichols, Clennad.e A. and Verhonick, Phyllis J. "Plazement 3
Times for Oral Thermometers: A Nursing Study Replication.*
Nursing Rescerch, 17: 159-161, March~April 1968, 3

9. ANA Rescorch and Studies Committee (1966-19€8). Verhonick,
Phyllis J., et al. "ihe Nursc in Research: ANA
Guidelines on Efhical Values." Nursirg Research, 17:
104-107, March-April 1968, -

it B T R

64

e i e AR b




'
]
C i
'

PR AP YN UL SEPRI S PR Y
h han

—— e es

e e etmaitoe

1 ke e merais o . —— 1 & Pt v 2% e ot s e e ¢ Al e ek | Ak A AR e ) oo An i g et et

RLLEARCH ;'\‘!J TACHHOLOGYT REsUAE

2 GOV, ACCtEulaN 1y Al mv)\fn Chatot I [Ny TP T XTIt N

. - v . —— e e - ' - " ’ f ‘L l

ST TR S RIaT OF MLDURG 'v. '.\.ukn B R T A O R T SR RO T R T R Y
: P R . "

. wl ¢! 40 0. C*Uonb" ¢1L ¢t 61 l U U WA CA |

B RN TR B T T STt b AT s e .n, Priichl ol i adm T T e

' 61145011 2AC149 ll 118 02 049 o .

K

(L) BEDY FLUID ALD SCLLTE AdD RSLAL BOMELSTASIS

WASHEHGTON € € 20C12

INVESTIGATONS TCSChaM, COL F. Co

i
—— e e}

T ARG GR Tich, AvA T CERSOUTCUIT AL ¢ UTE L BT5TM R TG e i GTRG AR
;5 !f)()‘ PHYS(JUGY 0[02(70 Sl:'fﬁ) i (H’l((,r 09 54 I I GIHER 0y
sV WG TMEV RS VGG RACTFSRANTL T T ¥y Ve HEE30ETS s, T i'.;“v:«l:r‘...‘;' S | SV EN- PR R Forr ity S
’ DATE B e AT T T o 2 -
b MO hA .o Lrui .’.'_.__!) (“..., VSN S e et e fane ————
__C . h\"‘“LLSr TRILE NA R d _avaut tA CrariNT Ly (’9 ? 70
11 SOV, LA INSTALLATIDN ASTIVITY B 0. PLRFORAING ORGAFIZATION - - ]
e WALTER RECD ARPY TNST(ETHES wase WALTER REED ATVYINST GF RES
AZUKEES RASHINCGTCH D C 2C01L2 R DIV OF HEDICHLE

.

)

i

}

! {U)  APPROACH- CONVENTICHAL CLEARANCE YECWLICUZLS, E?’TCR?UL!Y SOVITURID 1SOTUPE TECHNIQLES
B KCGTU?c CILLTICNy CXPCRIVINTAL FCNELS €% ACUYE RELAL FAILLGC, IM VIVO REMLL TL3ULE

I BICXGPULCTLRE, IN VITRO RONEL TUBLLE PICRCPERFUSICH, |'L."‘.Rf\‘.f TAANSDPCAT LIGHT AND ELECTROG
‘ 1Icro oy,

i

i

I

f (L) PROSAESS = JLL 67 THRL JUN €8 STUDIES CEFCASTRATING THE LACK OF 4 KOLL FCX THE RENAL

{ CAPSLLE in MODLLATING THY RMAYARIUSRETIC RESPCHSE TO VCLUNME CXPAISTIO MZ3C CO'PLETCL. STLLIES
! kgdlx Y20 RILATING THE PASNITUDE CF MATRIUAITIC RESPCHSE fCLLF“l%G 1NFUSICNS TO THE

! M IWYE OF CHANGE IN BLCY FLUIL CCreARNTPENTS,. MATRIURSESIES LEST CANRIZLATED HITh CHALGE 10
O ISTERSTETIAL FLLTO VOLUME, ZUT PESPCHSE WaS PCOULATLC 8Y CHONCGES IN BL/S A S2TILM

} CoreENTRATIONS EXVEQANALLY FORITCREE INFUSICH SETHCLS FOR ESTINAVING RE.Lal ELOCD FLOW AND

] GLCVIRAULAR FILTRATICYH RATE #UWE CEVELIPIO AXD FOULL TC CC SUFFICI&NTLY PACMIESLLS 10

“ LUUINTARE PRELIXFIRARY STUGIZS IN FATIECHTS, EXTERSIVE STUCICS WESTIGCATIELE POS3InL: SLITNoLE
1 1256550 amco FLCL MARRKERS CTUTR THAN FAM WERE CCHPLETEC. STLULIES I THE KMEYLINOSLOSIN
HorElACCYAY MOOEL GF ACUTE RINAL SALLURE ESTIOLISKHES YHE nICHOSCOP(C PICTIVAE OF THE LESION
2 AWy ] QLAJ|XFIED THE EXIENY AND CCLE5C CF CASTY ¥C¥8y ION ANMD [lSAPPL"'“‘E CF VISICLE
i‘GLDFERULl FRCY THE CCARTEX. PICACPLLCTURE STUCIFS QF IMTOATULLLE P2TSSURE AFTIR INDUCTION COF
i ACUTE RENAL FALLURS SHQLSC 8 CECRCAST it PRESSURE, COHPARALLYE CelNLGES LATE ATISR URETLAAL

: TALCYION SLGASESTZ0 THE PCSSI2ILITY CF AM 1aTRMALMNAL PRESSUNE-IIGLLATEC FUZCBACK reChanl S
y
|
¥
?
{
}
13
{

f\

.'-uULlTl 10 RENAL \.‘\S"LLAQ RESECHSES 20D/700 TUPULE RESORPYICN . ELECTRO! FICRI3CGPY STLULIES CF
IN VIND MICACPLNCTLRY AFLSIC TLOULLS weE UNLDEFYALEN, 2020 AL HISTOLQGY ¥aAS DEFINCO,
RISICCHEYICAL SYLTIRS m LCCALR2T STCIUY TRANSOCRT SITE AMC EVSLUATY EFFECY UF TRANSACR1Y
POALCCRING ARENTS DOALN, CONMPLEX ZQUIDIINT FLR FEAFCAPZING In VWITED TRAMTZIRT STLOICS 1N
1SOLATED PERFLSED RAINAL TULRLLES 25 2CCUIRER, INIVIN EXPIR1enC: wiTE KICEOOISSSCTIC OF

1
'; i TLOULE SEGYENTS AND MCURVING N FICHTPIPCTTLS GALLECD, STUDIEZS GF PYLRUJEN 1T SSCRETICH BY

15 PREMARATION DEGLN. STLCIES (F URINE ACIGIFICATIEN 10 #ICE SELUED A OIRICY RELAVICNSHI?
BETAEEN FLOW RATZ 20D Py aSTRIVH L-‘.f‘ EILARTCHNTE EXChETl'.m' \Hl(:LT CrARGY TN NEY ACIO,
' ?PC.&."HHF. CPEATIND L ORGAMIC 3CHP 4D FPEL 27 3ONTY SXCRET,TM. SYUCLES OF o ILTTICS CF FLULID
O SCLLIE FLOA ACTUSS ATTIFICIAL [.l‘l‘(T!C ACIO FERITQGREM POUTAANES MERT LOTRATIAEN,
!r""\‘hCnL CORSICTRATIT WGARUING BuLl FLCL, SCLYENT CRAG, 240 CLIRAFILIRGILO &Rk

- . PRINCIPAL
P MERONEYy CCL e ko “s,m”‘ CIRNSENAy LIC We J,
-y ~ 202-576-35%1 TeL. 0 “.)7(:"’_(__'_(} wez DA
20, TECHNOLOGY UTILIZATION ‘ 22, COORDINATION o -
NA L
[ 25 REYHORDS - T -
PERITENEAL OIALYSIS, ACID-FASE. . _ e ]
(UY TECH CAJECTINE = TO IWVESTIGATLD THE PIMAL AND BELATED ¥ LCOPANMISHS FC MALLTAINING ECOY
FLUIS ALD ELECTROLYYS MGICCSTASIS IK RESPECHSET TU CIStEAStEr INJUNYy ANC ENVIRONMENTAL STAESS,
10 ELLCINAYI THE PATHOGENZEIS CGF PCUTE RONAL FATLURYL, YU COVZILOPR A0 IHPADVE YETHODS FOR
PASVENTICH AND IR EAH‘E‘H CF ALTERED TLUID aNC SCLUTE +ONEQSTASIS AILD ACLTZ AND CP.C 1C RENAL
FAILY X€E.

. ‘: |Vl”'f"“ I JUIL BaTa Cateqee FrCy PATILATS. . ] ) _
SN AREER TR L A n . ev0cost 12. 3uD3 LT CODE
- Tivgei e v e .
< ;5{:97_?‘-(_5_:3:._.”.-.‘.Lz-.F-‘- e e e e o AR e 2 —— s
SRV eREtat ) 'iu. PANTKPATION
14)353 A .
o mm e e T h e mmmn M s s cin e e o ——  £a- Sy 2t mt s e sAtmra e 8 % e s £ o B A 4 e A e = a4 £t nmo ¥ e o oS
VL LITN- WY A ln AL 1AL RO LT
:;I—I'::'::nu-"' »’-‘:’.—‘;-- - -‘.!;“a--‘. . N LA LR e e —— L S —— --.--.[ -
e ey smmama

"X l e m P FLALYN TOITIGN OF 1 JUN 3 Wain il MAY GE USEG (1rent 178 23 sleeine’ tu Fi 14 foem 1223

AN Y /s 65

e s WA e e




'y

8 RN A a0 en v e o e - O it X it

Project 3A014501B71R, RESEA "H IN BIOMEDICAL SCIENCES
Task 02, Internal Medicine
Work Unit 089, Body Fluid and Solute and Renal Homeostasis

Investigators:
Principal: COL Paul E. Teschan, MC .
Associates: LTC William J. Cirksena, MC
MAJ Jessie Hano, MC
MAJ Howard Keller, MC*
CPT Craig Tisher, MC
.CPT Lionel U, Mailloux, MC
CPT Edward Regal, MC#**
CPT Richard Tannen, MC
CPT Karl Nolph, MC
CPT Robert W. Schrier, MC
CPT Richard Finkel, MC
CPT Richard Fein, MC#**
Gerald McCormick, Ph.D.
John Gagnon
Lloyd Clayton
Natalie Lawson
Amy Lee
James McNeil
James Roberson

Description.

Human and animal studies have been directed at evaluating the
homeostatic mechanisms involved in the maintenance of body fluid and
electrolyte homeostasis under normal physiologic conditions and in
response to disease and injury stress. Renal function and adaptive
mechanisms and interrelationships with other body homeostatic mechanisms
have been emphasized because of the central role the kidney plays in over-
all fluid and electrolyte honeostasis, and the relative ease of study of
this organ by a variety of techniques. Where feasible, light microscopic
and ultrastructure changes have been correlated with physiologic altcration.
Specific studies have been undertaken to evaluate: 1) control and
influences of body fluid volume and toxicity; 2) sodium and water handling
by normal and diseased kidneys; 3) measurement of renal function in normal
and disease and injury states; 4) acid-base homeostasis including renal
mechanisms; 5) effect of heat-exercise stress on body homeostasis; 6)
pathophysiclogy and prcvention of acute renal failure; 7) mechanisms of
fluid and solute flow across dialytic and other membranes.

*Fellows
**Assigned WRGH




Progress.

1. The control and influence of body fluid volume and toxicity:
Previous studies have suggested that the reabsorption of sodium by
the renal tubule is influenced by extra-renal factors other than changing
levels of known hormones or by changes in glomerular filtration rate.
The relation of body fluid compartment alterations to sndium excretion
has been investigated in this regard. Solutions of varying colloid and
osmolar composition have been infused in dogs to give constant amounts
of sodium chloride, and the measured changes in body fluid compartments
correlated with the extent of natriuresis. Control studies in which
no volume expansion has been interposed between repeat studies of body
fluid spaces have indicated the feasibility and creliability of the
isotope dilution methods used for repeated acute studies. Infusion of
hypooncotic saline solutions as hypo~, iso~, or hypertonic solutions
demonstrated natriuresis to correlate best with the degree of interstitial
fluid volume expansion. Hypo- and hypernatremia were found to modify
significantly the degree of natriuresis. Studies have recently been
completed in which the effect of isooncotic saline solutions infused in
a similar manner on body fluid spaces and resultant natriuresis werc
assessed. More marked increases in all body fluid compartments occurred
in -the normal saline group and natriuresis was at least as marked as
in the hypooncotic isotonic group. Studies are currently being completed
in which hyperoncotic solutions are infused in an effort to dissociate
the changes in plasma volume and interstitial fluid volume in a further
attempt to distinguish the effect of changes in these fluid volumes
on natriuresis,

Studies of the effect of the renal capsule on the natriuretic
response to saline infusion have been completed. Both acute and chronic
decapsulation of the kidney were found to have no effect on the response
of the kidney to volume expansion. This may be due to lack of effect
of the capsule on intrarenal pressure or failure of any such effect to
alter the renal response to ECF expansion.

Preliminary studies have demonstrated the feasibility of studying
the effect of left atrial stretching on proximal tubule sodium reabsorption
by micropuncture techniques. Transthoracic placement of ligatures into
the left atrium has been accomplished while maintaining physiologic
stability in the dog. Gross clearances have demonstrated no chang2 in
net natriuresis of urine flow by this mancuver. Changes in proximal
readsorption without change in net natriuresis may yct be demonstrable.
Micropuncture studies have been deferred pcnding interpretation of
results from other laboratories suggesting that total denervation of
the heart does not alter the natriuretic response to volume expansion.

2. Sodium and water handling by normal and diseased kidneys:
Study of sodium-conversing capacity and concentrating and diluting
ability of patients with chronic renal disease was concluded with the
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addition of several patients to the study. Patients with chronic
glomerulonephritis, chronic pyclonephritis, and polycystic disease
were studied on normai and low sodium intakes. Metabolic balance
studies demonstrated a delay in sodium~conserving capacity and sub-
maximal response to salt deprivatlion. Aldosterone excretory rates
were within the nourmal range. On salt restriction, net free water
clearance regularly resulted in all patients; maximum achievable
urinary osmolality always decrecased but dilating ability improved as
indicated by lower minimum achievable urine osmolality. Studies
using aldosterone-blocking drugs and exogenous supramaximal adrenal
mineralocorticoids suggest thit these effects on concentrating and
diluting ability may be mediated by changing levels of aldosterone.

Preliminary studies of the intermediary mechanisms involved in
sodium rejection by the proximal tubule following volume expansior
have been continued by micropuncture methods. Previous studies
concluding a humoral response from data showing decreased proximal
tubule sodium reabsorption after infusion of plasma from saline loaded
animals may have been confounded by ECF expansion of the test animal
by the volume of infusate. Conflicting results regarding the effect
of dialysate cf saline loaded plasma on split droplets half disappearance
time have been obtained by several laboratories. Because of the central
importance of these findings to understanding of the body's ability
to excrete a salt load, two studies have been undertaken: 1) the effect
of intravenous infusion of minimal amounts of saline loaded plasma
on proximal sodium reabsorption and the response after stopping such
infusions will be studied in the same tubule segments by micropuncture.
Preliminary studies show no trend effect of prolonged repeated collectious
from the same tubule segments on inulin TF/P ratios. 2) Necessary
photomicrographic equipment for split droplet-studies is being procured

to test the effect of dialysate of saline loaded plasma on reabsorptive
half-tine.

Necessary manipulator equipment has been constructed to allow study
of dissected individual tubule scgments from rabbit or flounder by
microperfusion and microcollection techniques. Such techniques will
extend the capability of free flow micropuncture to analysis of the
function (and ultrastructure) of single nephron segments under
exquisitely controlled environmental conditions.

The relation of urinary concentrating ability to the morphology
of Henle's loop was comparcd in the Rhesus monkey and man to determine
‘the functional contribution of the thin ascending segment in producing
& concentrated urine. Studies showed the maximum urinary concentiating
ability of the monkey to be slightly grcater than that of man. Yet, the
length of the monkey mcdulla which contains the water impermeablc portions
of the loop of Henle were shorter than in man, duc to a very short irner
wedullary zone containing thin ascending scgments. Virtually all of
the ascending limb of llenle's loop in the monkey was found to be
composed of the wore complex cubcidal spithelium characteriatic by

68

» M%




light and electron microscopy of the thick segment, while in men half

of the ascending limb is lined by squamous epithelium. These observations
coupled with findings of a definite contribution of the ascending thin
segment to concentrating ability in other species suggest that cellular
composltion of the ascending limb rather than its overall length may be
of primary importance in determining urinary concentrating ability,

The techniques « f renal tubule micropuncture and electron
microscopy have been cuuwiied to study the functional and morphologic
aspects of sodium trensport and its control in the rat kidney. Poiassium
pyroantimonate was perfused through individual nephrons on the kidney
surface as a histochemical marker of areas of sodium concentration
within the tubule cell. Ouabain was perfused through tubules to
determine the effect of this inhibitor of active sodium *ransport on
sodium localization within and on ultrastructure of the tubule cell.
Tubules were fixed by perfusion with fixative in vivo, and dissected
individually for electron microscopy. Preliminary studies have established
the normal ultrastructure of vitally-fixed tubules, the distribution
of sodium deposition within the tubule cell, and suggest that ouabain
may modify both the basic ultrastructure of the cell and the distribution
of sodium within the cell. Studies are in progress to define further
the effects of ouabain and other metabolic inhibitors on cell sodium
transport and cell histology as well as to explore the functional and
structural consequences of alterations in osmolality, volume expansion,
and induction of acute renal failure.

3. Measurement of rensl function in normal and disease and injury states:

Potential sources of error inherent in the conventional methods used
to determine effective renal blood flow (ERBF) in man has led to the develop-
ment of an externally monitored isotopic (1131 iodohippurate) technique for
instantaneous measurements of ERBF independently of urinary ccllestions in
the dog. The advantages of this method, which balance the rates of infusion
and renal excretion by monitoring the plasma activity externally,are that
1) 1t obviates the need for bladder catheterization; 2) it detects an
unsteady state; 3) it simplifies the methodology and, 4) it provides an
ERBF measurement within a matter of minutes after withdrawval of a blood
sample.

Application of this infusior method fgfsthe simultaneous miggurcments
of glomerular filtration rate, uigﬁizing 1 jothalamste (IV-I*+““} and
effective renal blc. ! flow (IV-1"-%) is presently being investigated.
Preliainary studies su%gest that IV-1125 5 gimilar to the urinary
clearance of either 1122 jothalsmate (uv-1125) or inulin (UV-Inulin) and

that the presence of iothalamate docs not interfere with the clearance
of 1131-01n.
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The application of radioisotopes for the evaluation of renal function
has led to the widespread utilization of 1131 ortho iodobippurate (I131-01H)
for the measurement of effective renal blood flow. Receni re;orts sujgest
that the simultancous clearances of p-aminohippurate (PAH) ... “I71_GIH are
not equal. These findings are in agreement with recent otservations mude
in this laboratory. By measuring the tubular secretion of these two
substances in a sequential manner in the dog, it has been possible to show
that when I131-0IH 1s infused separately it is sccreted at the same rate
as PAH, but it is depressed in the presence of PAH. This suggests that
the discrepancy is due to preferential tubular secretion of PAH and not
protein binding, free iodine or insufficient carrier iodohippurate as has
generally been suggested.

The study of separate renal function in man has been of importance in
evaluating hypertensive individuals for the functional significance of
radiologically demonstrable unilateral rcnal artery lesions. A possible
use of furosemide in extending the usual separate renal functional tests to
a prediction of reversibility of the lesion and its functional consequences
has been suggested since the drug has been shown to eliminate medullary
urea and sodium gradients in the kidney. Individual kidney function was
studied in dogs with unilateral renal artery stenosis without hypertension
and after intravenous furosemide. Results show proportional increases in
urine flow rates bilaterally and equal urine dilution bilaterally,
suggesting that an intact loop of Henle and urea gradient are necessary
for concentration of the urine with renal artery stenosis.

A simple method for split bladder preparation in the dog suitable
for repeated study of individual/renal function over many months was
devised. The trigonal area of the bladder was sutured to the abdominal
wall and repeat catheterization of the ureters performed as desired for
repeat renal function studies extending over periods up to six months.
Post-operative care was minimal, leakage did not occur at the time of study,
and complications were rare in animals kept in drainage cages. The method
was contrasted in there regards with the significant disadvantages of
other reported methods of split bladder preparation and prosthesis
insertion used for chronic studies.

The split bladder preparation was utilized to advantage in a study
of the effects of classic suture closure with adhesive closure by poly-
merizing monomers of large nephrotomy incisions in dogs. Renal function
and response to saline loading were studied in animals before and threc .
months after nephrotomy and function in the incised kidney compared with
the contralateral manipulated control kidney subjected to equal ischemic
time. GFR and ERPF decreased in ncphrotomy kidneys in both groups of
animals. Although there were subtle statistically significant differences
is sodium handling between the suturc and adhesive groups, no significant
advantage of one method over the other in the repair of nephrotomy was
suggested by function studices. The ease of repair and absence of compli-
cations with the adhesive technique suggest furtiier exploration of this
method clinically.
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4. Acid-base homeostasis, including renal mechanisms:

Studles of urine acidification in humans both with and without
renal abnormalities were continued. Utilizing a modified short ammonium
chloride test, 17 patients with recurrent calcium containing renal calculi
were studied and one case of "Partial Renal Tubular Acidosis" was uncovered.
This individual was indistinguishable from the remainder of the group
by Loth history and laboratory studies, with the exception of his response
to oral amwonium chloride. In addition, two other patients with classic
"Renal Tubular Acidosis” were studied and an acidification defect was
defined in a patient with hypergammaglobulinemia. The effects of a
water diuresis on urine acidification were evaluated utilizing paired
studies in six patients without renal abnormalities. Water diuresis
resulted in a rise in urine pH, and an increase in ammonium and bicar-
bonate excretion without any diminution in net acid excretion. The
change in urine pH and net acid composition was interpreted as being
the result of the relative unresponsiveness of urine free base ammonia
concentration to changes in urine flow rate. A number of patients both
with and without renal abnormalities,who had been demonstrated to have
normal acidificetion at normal flow rates, did not decrease urine pH
to less than 5.30 during water diuresis. It is therefore clear that
urine flow rate must be taken into account in assessing tests of urine
acidification. The effects of potassium depletion on urine acidifica-
tion were studied utilizing a similar type paired design. Preliminary
results indicate that sufficient degrees of potassium depletion can
result in a rise in urine pH without any decrease in net acid excretion
or change in urine flow rate. These studies are being continued in an
attempt to more clearly define the mechanism responsible for this change
in pH.

Continued effort has been expended to utilize the technique of
studying perfused isolated segments of rabbit tubule in vitro
(Burg, M., J. Grantham, M. Abramow, and J. Oxr'~fi. AJP 210:1293,
1966) for assessing renal tubule mechanisms {.r hydrogen ion excretion.
With the helpful advice of Drs. Burg and Grantham and the fine work-
manship of the WRAIR Instrument Division, the neccessary apparatus has
been completely assembled, and slow progress has been made in learning
to construct suitable pipettes and to dissect rabbit tubules for
wmonitoring and perfusion. CPT Tannen wili work full time with Dr.
Burg for two months using the apparalis assembled at WRAIR to
accelerate the implementation of this technique and to work out any
flaws ia the perfusion equipment.

S. Effe-t of hcat-exercise stress on body homeostasis:

Reports {rom Erooke Army Medical Center (BAMC) and Walter Reed
Army ledical Center have indicated that approximately 10X of acute
ranal failure scen at these centers has been associated with heat
exposvure and strenuous physical exertion. In order to gain informa-
tio.. about the physiological alterations that may precede or lead
to the development of renal injurr attendant to heat illness or
strenuous piivsical exercise, a field study was undertaken at BAMC
during the summer of 1967. Blood and urine studies were done on
91 healthy volunteers from the Medical Training Center, BAMC, Fort
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Sam Houston, Texas, becfore, immediately after, and 12 hours following
exercise, The Combat Proficiency Test (CPT) was, in general, the
exercise of study. The irdividuals were grouped according to status
of acclimatization and degree of physical corditioning. During the
period of study, therc were no cases of heat exhaustion or heat stroke,
All subjects developed proteinuria following exercise, Hemoglobinuria
and myoglobinuria were not seen following the Combat Proficiency Test.
Four of forty~two individuals developed microscopic hematuria after
the 14 mile cross-country march without evidence of subsequent i1l
effects. Serum lactic acid dehydrogenase increased slightly after
exercise with a small elevation of 1soenzyme 5. There was no
difference Letween the unacclimatized and acclimatized physically
conditioned groups. Renal concentrating and diluting ability was
studied sequentially In a group of 12 voluntecrs from the bLeginning
, to completion of basic training. Renal concentrating ability
P ; remained normal throughout acclimatization and physical training,

: and no quantitative comment could be made on diluting ability since
the time allotted for completion of the protocol did not allow for
the development of sufficient hypotonicity. Uric acid clearance
decreased after exercise, and postexercise hyperuricemia persisted
for at least 12 hours.

6. Pathophysiology and prevention of acute renal failure:
Studies of the methemoglobin-ferrocyanide model of acute renal k
failure vere continued. Additional studies of prevention of the P 4

lesion using high doses of the diuretic agents ethacrynic acid and
furosemide and vasoactive agents diazoxide and hydrolazine were
performed in an effort to elucidate factors critical to prevention.
Two greups of rats protected from developing the lesion by adminis-
tration of ethacrynic acid or furosemide were compared grossly and
histologically since in the rat diuresis results from furosemide ]
but nor ethacrynic acid administration despite apparently similar ﬁ
nephron sites of action in other species. Results of these studies i
are pending completion of chemical determinations at this time. §
A group of rats deprived of sodium for four wecks was found to
develop a more severe lesion than that scen after the usual five
day sodium deprivation. Juxtaglomerular granulation was increased.
The relation of the renin-angiotensin system to production of the
lesion is not clear. The role of varying urine flow rates in
modifying the lesion was explored in rats with hereditary diabetes
insipidus. The acute rcnal failure lesion could not be produced
definitely in rats with diabetes insipidus in contrast to that
seen in control animals of the same strain.

The microangiographic study of vascular changes during early
induction and throughout the course of acute failure was accomplished
in order to study the pathogenesis of oliguria and uremia in the
experimental modal., It was found that vascular altcration was
minimal, and occurred at a time of great architectural changes brought
about by cast formation, interstitial renal edema, and tubular dilatation.
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In anggher study, ciearanges of inulin, PAH, inthalamate 1125,
diodrast 1I 1, and hippuran 1131 yere performed in the model. Opera-
tive preparation of the animal was perfected, and several different
analyticel techniques investigated before devising the protocol for
the clearance studies. Preliminary results indicate a rather

marked initial decrease in both glomerular filtration and effective
renal plasma flow without a drop in arterial blood pressure, The
laboratory is in the process of performing clearances at later times
during the course of failure, and in performing micro-osmometry in
order to test tubular function by means of osmolar clearances.

Further micropuncture studies of intratubule pressure following
induction of the methemoglobin-ferrocyamide lesion were completed.
A significant decrease in intratubule pressure was found after 36
hours dehydration in sodium-deprived rats. No further change ir
pressure was found after induction of the lesion in studies witunin
the first hour of injection before and after cast appearance, and
6, 24 and 48 hours later. The effect of complete unilateral
ureter obstruction on intratubule pressure was studied to ascertain
what effect obstruction might be expected to have on pressure,

Early after obstruction, the expected rise in intratuble pressure
was found. However, 24 and 48 hours after unilateral ureter
ligation, pressures in the obstructed kidney were reduced to levels
seen after dehydration or methemoglobin injection and were increased
slightly above normal in contralateral control kidneys. The possi-
bility that intrarenal feedback mechanisms involving distal intra-
tubule pressure may exist deserves further exploration.

7. Mechanisms of fluid and solute flow across dialytic and
other membranes:

Using & surgically implanted, chronically indwelling peritomeal
catheter, a technique has been developed to do chronic or intermittent
peritoneal dialysis in monkeys. The dialysis is run and regulated by
a recently developed machine which seems quite reliable. Preliminary
studies are underway to examine characteristics of peritoneal transport
using this model. Eventually, such dialysis will be incorporated into
the monkey-uremia project to modify or define the type and extent of
retained uremic solutes.

Peritoneal transport kinetics Guring clinical dialysis have been
studied in over twenty different dialyses in a variely of patients.
Analyses of the passive transport of ten solutes of a variety of molec~
ular weights, charge and steric configuration duiing diffusive trans-
port and during ultrafiltration with hypertonic dialysis solutions have
been undertaken. Initial results indicate that these techniques can
be utilized to yield information in the following areas: 1) Permeabil-
ity characteristics of the human peritoncum and its variation; 2) Factors
vhich enhance peritoneal permeability and dialysis efficiency; 3) Advan-
tages and risks of utilizing ultrafiltration to remove solutes; 4) Vari-
ation and conirol of electrolytes transport during ultrafiltration;
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5) Carbohydrate and insulin metabolism during exposure to hypertonic
glucose; 6) Insulin transport across the peritoneum; 7) Peritoneal
handling of larger solutes such as transferring and a specific Beta
globulin of M.W. 10,000.

For purposes of analysis, a two compartment model and basic
principles of diffusion and ultrafiltration have been utilized. Further
studies during the large number of clinically available peritoneal

dialyses are planned. The studies involving passive pcritoneal transport

across other capillary beds and other physiolcgical membranes.
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Project 3A014501B71R, RESEARCH IN BIOMFDICAL SCIENCES

Task 03, Psychiatry

Work Unit 025, Analysis of behavior and of mediating mechanisms:
Experimental psychological factors

Investigators.
Principal: John J. Boren, Ph.D,
Associate: Donald G. Conrad, M,A.,; CPT Philip N. Hineline, MSC;
William Hodos, Ph.D.; Norman A, Krasnegor, M.A.;
CPT Frank J. Sodetz, MSC; and PFC Wendon W. henton

Description,

Three types of projects are included in the research program: 1)
the experimental analysis of basic variables and the development of
complex behavioral repertoires; 2) the study of stress-inducing pro-
cedures by the effects upon both complex behavioral repertoires and
physiological processes; and 3) interdisciplinary applications of
behavioral principles to certain medical, psychiatric, and military
problems, The first group of projects includes studies of a prolonged
vigilance task, warm-up in avoidance, avoidance sessions as aversive
events, reinforcement by the delay of shock, transient conditioned
suppression, escape and avoidance in pigeons, complex timing reper-
toires in chimpanzees, repeated acquisition of behavioral chains,
social interactions awong monkeys, and adjusting avoidance, The second
group of projects involves the control of blood pressure and aggression
by behavioral procedures, the bechavioral effects of septal ablation,
the effects of drugs upon several behavioral and stress-inducing base-
lines, and the effects of aversive control upon discrimination reversals,
In the third group of projects, research has focused upon avoidance
behavior and hemorrhagic shock, cardiovascular function and motor beha-
vior, and some experiments within a psychiatric ward for delinquent
soldiers,

Progress.

1. The cxperimental analysis of basic variables and the develepnent
of complex repertoires.

a. Effects of signal frequency and shock probability on a
prolonged vigilance task, The present rescarch investigated

variables that contribute to the maintenance of visual detection threshold
in a prolonged vigilance task. Rhesus monkeys held in restraining chairs
and houscd in light-tight Foringer monkey booths wevre trained to respond
within 10 scconds in the prescence of a dim light to avoid a brief elec-
trical shock. Once this avoidance response was well trained, the following
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contingencies were established., A response in the presence of the

light avoided the shock and decreased,by a fixed amount, the light
intensity programmed for the next trial, A failure to respond in

the presence of the light resulted in a brief electrical shock and
increased,by a fixed amount, the light intensity programmed for the
next trial. This staircase psychophysical method allowed us to

track the visual detection threshold of a monkey over time, Sessions
lasted seven hours and were run five days per week. To prevent
development of high rates of responding, 50% of all intertrial interval
(ITI) responses were punished, The average number of signals programmed

per hour was systematically decreased over sessions by increasing the
average length of the ITI., During a session, the detection threshold
remained constant when the average ITI was 1.5, 3.0, or 6.0 minutes.
When the average ITI was increased to 8.5 or 15.0 minv-es a marked
increase in detection threshold was observed. A similar within-session
threshold increase occurred when the average ITI was held constant and
the probability of a shock for missing a signal was systematically
varied. These data suggest that a decrease in shock probability may
account for the observed intra-session detection threshold increase.

b. Avoidance sessions as aversive events. Animals in avoid-
ance experiments are usually observed only during the avoidance sessions,
leaving us ignorant of effects the avoidance conditioning may have on
pre-session or post-session behavior, To examine possible effects of
the stressful avoidance conditioning on pre-session and post-session
behavior, l-hour sessions of food-reinforced responding were inserted
before and after avoidance sessions, The avoidance reduced the rates
of food-reinforced responding late in each food session, This reduc-
tion is probably simlilar to conditioned suppression (also known as
"Conditioned Emotional Response") which is commonly produced by a
warning stimulus followed by a brief aversive event (a shock). Here,
the conditioned suppressicn occurred on an expanded time scale, The
warning stimilus was food reinforcement for an hour, and the whole
avoidance session served as the aversive event,

c¢. Warm-up in avoidance. When rats are conditioned to avoid
electric shock, they often take many shocks at the beginning of each
daily experimental scssion even though thcy may avoid all shocks late
in each session. This change in performance during each session is
known as the warm-up effect. Previous investigators have suggested
that the warm-up reflects a build-up of motivation within experimental
sessions; we have demonstrated that on the contrary it is a tramsient
suppression of responding, for the phenomenon remains even when the
animal's response is maintained with food reward simultaneous with the
avoidance contingencies. An experimental program is under way to deter-
mine to what extent this suppression resembles other forms of suppression.
In one experiment the repcated daily growth of warm-up suppression is
being examined as a function of the time between experimental sessions.
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Preliminary work done clsewhere indicated that the warm-up suppression
passes through a maximum at about 4 hours between experimental sessions,
The present work has thus far failed to confirm this; the magnitude of
the warm-up increases sharply within the first hour after a preceding
session, and appears to level off at intersession times of 2 or more
hours, 1If the function passes through a maximum, thie must occur at

a much smaller intersession time than was previously thought., Addi-
tional subjects are now being run to delineate the growth of the
warm~-up,

d. Reinforcement by delay of unaveidable shock. An animal
performing successfully on a conventional avoidance schedulz is accom-
plishing at least two things: each response decreases the overall
frequency of electric shock, and reduces instantaneously the probability
of a shock., In conventional avoidance proccedures it is impossible to
assess the relative importance of these two features, either of which
could reinforce the avoidance response., A procedure was devised that
held the overall shock rate constant yet permitted the animals to reduce
the instantanecous probability of shock, Preliminary work with this
procedure indicated that rats will respond to reduce the instantaneous
shock probability provided that this does rot increase the overull shock
rate, But the original procedure did not eliminate a third source of
reinforcement based on removal of external conditioned aversive stimuli.
A modification of that procedure has been made, eliminating the undesired
source of reinforcement. Present work with the modified procedure is,
so far, confirming the prelimirary results. This work with rats is being
extended by varying both the amount of shock delay and the overall shock
rate. In addition, this procedure will soon be applied to monkeys. It
is hypothesized that the monkey will be more sensitive to long-term response
consequences than is the rat, '

e. Transience of conditioned suppression. It has been proposed
that the warm-up in avoidance conditioning is a kind of suppression
similar to the Conditioned Emotional Response (CER). The CER is observed
when stimulus-shock pairings are superimposed on food-reward cituations,
If they are indeed similar, the CER suppression should be transient
within sessions, as is the warm-up, if many stimulus-shock pairings were
presented in each session. A series of experiments is being carried out
to look for this "adaptation" of the CER within individual sessions., 1If
it is found that suppression decreases with successive stimulus-shock
presentations during each session, we shall look for systemati~ changes
in this transient suppression when the time between sessions is varied,

f. Escape and avoidance in pigeons. Pigeons have beecn uscd
extensively as subjects in studies of positive reinforcement and of
punishment of positively reinforced responding, but they have not often
been used in studics of escape behavior. This may be because it is so
difficult to produce or maintain a pigcon's key pecking by removal of
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aversiva stimuli, Captain Hineline of WRAIR, and Dr, Howard Rachlin
of Harvard University, have devised a procedurc for minimizing most

of the difficulties in conditioning pigeons to peck a key to escape
from electric shock, Work is under way to perfect the procedures
necessary for conditioning the pigeon to make a transition from escape
responding to avoidance responding. This experimental analysis in a
species that does not easily learn to respond under behavioral stress
may well lead to development of procedures for conditioning other
species which avoid more easily, but which could still perform consid-
erably more effectively,

g, Complex timing repertoires in the chimpanzeec, Three
chimpanzees received extensive training to press two pushbuttons in a
program of complex requirements to obtain their daily rations of food.
After pushing the first pushbutton, the chimp was required to wait at
least 60 seconds but not more than 90 seconds, in order to obtain its
food. However, the food was delivered only after the chimp had made
500 responses on the second pushbutton. After an appropriate delay,
the second pushbutton produced a green light which remained on until
food delivery, After delays which were too short or too long, the
second pushbutton produced a red light, and 500 responses were required
to relight the first pushbutton. These conditions generated efficient
timirg behavior. Subsequent withholding of the red and green lights
demonstrated that they maintained the timing performance by mec’iating
the delays in ultimate food reinforcement. Without the red and green
lights, the timing behavior deteriorated, the distributions of timing
respor:se intervals flattened, and peaks shifted to short intervals,
Efficient timing performance was then reestablished by reducing the
500 response requirement to two responses. The fixed number of responses
requirement is being inicreased gradually to the original 500 responses.
To date the data indicate that reinforcement delays produced by up to
50 responses can be sustained without the mediating stimuli to maintain
efficient timing performance.

h. A basic source of errors in the repeated acquisition of
behavioral chains. Monkeys were thoroughly stabilized on

a procedure where they learned a new scquence of lever presses each
session, This experiment investigated the repetition of previously
reinforced behavior as a basic source of acquisition errors. Sequences
were carefully selected so that a given sequence had 0, 2, or 4 res-
ponses in common with the previous sequence. The results showed both
in total errors and in the particular levers pressed incorrectly, that
the monkeys' errors could be largely accounted for by induction from
previously reinforced behavior,
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i. Reinforcement interaction between pairs of monkeys. This
rescarch investigated the question of whether one monkey would choose
to reinforce another monkey. A pair of monkeys was placed in adjacent
lever-pressing chambers, 7Two levers were available, When a monkey
pressed the first lever, he delivered a pellet of food to himself., When
he pressed the second lever, he delivered food to himself and to the
neighboring monkey. After lengthening the intertrial interval and
validating the basic technique against different amounts of reinforcement,
the following results were found. Out of four monkeys, one reliably
pressed the lever which also fed the neighboring monkey, one equally
reliably pressed the lever which fed only himself, and two clearly showed
no preference. While one monkey was apparently behaving altruistically,
neither past history nor the sight of another monkey receiving food was
sufficient to reinforce the majority of the monkeys.,

2, The study of stress-inducing procedures by the effects upon
complex behavioral resertoires and physiological processes.

a. Effcets of drugs on a stress-inducing baseline. Recently
we have developed a new baseline that will help assess the effects of
exogenously administered hormones on behavior, In the present study,a
rhesus monkey is required to make 30 lever presses in the presence of
a blue stimulus light (S1) to avoid the onset of a green stimulus light
(S2). The animal has a maximum of 30 seconds to fulfill the above
requirement, If the monkey fulfills the requirement, the blue light is
terminated and a 60 second time out is in effect., If he fails the
requirement, the green light comes on. In the presence of this stimulus,
the monkey must respond 60 times within thirty seconds to avoid the onset
of a red light. If the monkcy makes the required number of responses in
the time allotted, the green light is turned off and a 30 second time
out is put into effect. Should he fail the response requirement in Ss,

a red light is turned on for 3 seconds and the animal receives 3 unavoidable
shocks., At the termination of the red light, a 25 second time out is put
into effect. At the completion of this time out the cycle is restarted.

The major dependent variables are the ratio of S1/52 and the number of
ezvoidances., To test the sensitivity of this bascline, drugs with known
effects upon avoidance behavior were administered (IM) to the subject.
Preliminary data suggests that stimulants increase the number of avoid-
ances in the presence of S1 and decrecase the number of shocks. Depress-

ant drugs on the other hand incrcasc the number of avoldances in the
presence of S2 and lead to an increcased number of shocks.

b. Control of blood pressure by positive reinforcement. A
project is now being developed to opcrantly control the blood pressure
level of rhesus monkeys. To vitiate the unconditioned effects of a food
pellet upon the recorded blood pressure response, a two component mul-
tiple schedule of positive reinforcement will be employcd. In one
component a dccrease in blood pressure for X scconds will produce a
stimulus chang~ in which bar-press responscs are rcinforced by a food
pellet. The magnitude and duration of the required blood pressure
decrease will be gradually shifted to produce sustained lowering of
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blood pressure. Following the establishment of stimulus control of .
the lowering of blood pressure, in the second component of the multiple
schedule, an elevation in blood pressure will produce the positive
reinforcement.

c. The effects of conditioned suppression upon blood pressure i
and aggression. Blood pressure and aggression in rhesus |

monkeys will be recorded during conditioned suppression. Previous j
studies have indicated that the magnitude of both responses are in- '
e ) creased during the conditioned suppression stimulus, 1In the present
B study, the magnitude and duration of each response will be determined
o as a function of the intensity of the unavoidable shock terminating the
suppression stimulus, Also, the effect of an accessible versus inaccessible
aggression target upon the blood pressure, and the effect upon both res-
ponses of punishing the aggression response,will be examined, 1In two
concurrent studies, biting behavior in rats is being recorded as a function
of frequency of reinforcement on variable interval schedules, and as a
function of shock intensity during conditioned suppression,

v“] : d. Septal ablation and warm-up in avoidance. Under conditions
: which cause normal rats to suppress responding, rats with lesions in the
septal region of the forebrain continue to respond. This effect may be
due to the failure of the septal rat to react appropriately to concurrent
or interfering contingencies. Because this deficit is not motivational,
septal ablation should provide useful information on the warm-up effect
in avoidance. When rats are conditioned to avoid electric shock, they
often take many shocks at the beginning of each daily experimental session
even though they may avoid all shocks late in the session. This change
in intrasession performance is known as the warm-up effect., Some inves-
tigators have suggested that warm-up reflects a build-up of motivation
within an experimental session., Recent evidence has demonstrated that
warm-up is a transient suppression of responding. If this is the case,
then septal ablation should eliminate the warm-up, producing a constant
level of performance throughout sessions. Preoperative baselines for
avoidance behavior, including the warm-up, have been established in a
- number of rats, These animals will be operated shortly and their septal
nuclei bilaterally ablated. Following a postoperative recovery period,
they will be re-run to compare their preoperative and postoperative
performances. In addition to providing evidence on the transient suppres-
sion view of warm-up, the present study may also permit a more precise
understanding of septal function.

s e g i

i

e. Septal ablation and concurrent contirgencies. The present
study was designed to illustrate that, following septal ablation, the
organism fails to adjust its performance to two or more concurrent
contingencies. Three rats have been traincd to press a lever for food.
Then the food reinforcement was discontinued and replaced by a Sidman
avoidance schedule. The next step will bc to combine the food and
avoilance contingencies., Previous work has shown that the food procedure
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will not appreciably improve the avoidance of shock, even though the
same response both avoids shock and produces foud. When behavior is
stable on the concurrent food and avoidance procedure, lesions will

be made in the septal region of the forebrain, Then we will assess

the effects of the lesions on the food contingency, the avoidance
contingency, and on the combined concurrent contingencies. Our

working hypothesis is that the combined food and avoidance contingencies
will not interact following septal ablation and that the animals will
perform as though responding to the food contingency alone,

f, Sidman avoidance following septal or hippocampal ablation,
Ablation of either the septal nuclei or the hippocampus changes the
performance of organisms responding to various procedures. To date, no
data has been published regarding the effects of destruction of these
regions on performance of Sidman avoidance., A study has been designed
to answer three questions. 1) Can the septal or hippocampal rat per-
form Sidman avoidance? 2) Does the performance of either the septal
or hippocampal rat differ in any way from that of the normal rat? 3)
Does the performance of the septal rat differ from that of the hippo-
campal rat? Six septal rats are now recovering from surgery. They
will be run on Sidman avoidance using several response shock and shock-
shock intervals. A group of six normal controls have already been
observed, Six hippocampal animals will be operated shortly and observed
as apparatus becomes available,

g. Septal ablation and response disinhibition. When conditions
that suppress responding in the intact animal are presented to rats with
septal lesions, they show little or no suppression, This common obsecr-
vation has led to a '"response disinhibition" concept of septal function.

An alternative hypothesis suggests that the failure of the septal rat

to suppress responding is due not to any general inability to inhibit
responses, but rather to a specific inability to compensate for an
additional concurrent contingency. A variant of the Sidman avoidance
procedure offers the necessary conditions for testing this hypothesis,

If the length of the response-shock interval is reduced to one-haif

or less of the shock-shock interval, intact rats cease responding.

They, in effect, inhibit a well-established lever-pressing response, ;
The working hypothesis of the present study is that septal rats will -
also inhibit this response because only one contingency is involved.
Preliminary training and surgery is now being carried out with 18 rats,

h., Comparison of methylphenidate and pemoline-magnesium
hydroxide on several complex behavioral performances.

Several studies have reported that pemoline and magnesium (PMH) enhanced
learning and retention, although other studies have failed to do so. The
present research examined this question in animal subjects. The experi-
mental approach was 1) to use several complex behavioral techniques and
2) to compare PMH with a known CNS stimulant (methylphenidate) which would
simulate the stimulant actions of PMH but not the alleged enhancing actions.




Two procedures (repeated stimulus reversals and repeated acquisition of
behavioral chains) used monkeys as subjccts, while the third procedure
(cumulative avoidance with multiple warning stimuli) used rats. The
general results of both monkey experiments involving complex relearning
repertoires were similar. No dose of either drug consistently decreased
the number of errors made by the monkeys in learning either a new beha-
vioral chain or a new stimulus discrimination, However, at the higher
dosage levels (10 mg/kg P.O. of PMH and 16 mg/kg P.0O, of methylphenidate),
the behavior was disrupted in that the monkeys made more errors and/or
stopped performing. The rat avoidance experiment disclosed the rate-
increasing effect of both drugs with low to intermediate doses. However,
the precision of a stimulus discrimination of shock proximity was not
improved at any dose of either drug, High doses of both drugs disrupted
the discrimination, These results did not reveal any enhancement of
performance by PMH, and therefore did not confirm the enhancement effects
reported in certain studies in the literature,

i, The effects of aversive control upon discrimination reversals,
Random shock and conditioned emotional response (CER) procedures have been
studied for their effects upon the repeated reversals of complex stimulus
discriminations. Monkeys were trained to respond to a triangle for food
reinforcement and to ignore a circle; a few minutes later the monkeys had
to respond to the circle and to ignore the triangle in order to get food,
and so on for other stimuli, During a series of such reversals, two
aversive control procedures were programmed in an effort to disrupt the
monkeys' performance. The results showed that either random shocks or
the CER could sharply reduce the rate at which the monkeys would work
on the stimulus problem. However, the accuracy of the performance (in
terms of errors per correct response) showed little, if any, disruption.

3. Interdisciplinary applications of the experimental analysis of
behavior.

a. Avoidance behavior and hemorrhagic shock., Behavioral stress
has been studied in conjunction with physiological changes that occur
during hemorrhagic shock. Monkeys were first implanted with indwelling
electrodes, permitting recording of physiological changes that occur
when an animal at rest is subjected to gradual but extensive blood losses.
When these physiological changes had been assessed and characterized,
the hemorrhagic shock procedure was carried out on animals which, instead
of being at rest, were performing on an avoidance conditioning procedure.
The monkeys were presented with warning stimuli which they could turn off
to avoid electric shocks. The avoidance conditioning had a marked cffect
on the course of hemorrhagic shock; these animals mnaintained their blood
pressure at near-normal levels considerably longer than did the animals
at rest. Control procedures are planned to discover whether the avoid-
ance animals will continue to maintain their blood pressure longer when
the electric shock is omitted on avoidance trials where there is no
respons:. Another control to be run is that of delivering pericdic shocks
to animals not on the avoidance procedurc. The basic combination of




procedures is being used further to see whether blood losscs affect
color vision, Pilots in unpressurized airplanes and other individuals
in anoxic conditions have reported that colors disappcar before blackout
occurs, Also, studies on dark adaptation during anoxia show that the
photopic and scotopic visual systems arc differentially affected, In
an experiment now in progress, monkeys arc presented with visual and
auditory warning stimuli wvhich they can turn off to avoid shock, One
visual stimulus is of a wavelength to which only the photopic visual
system is sensitive; the other visual stimulus is of a wavelength to
which both photopic and scotopic visual systems are sensitive, We are
looking for a differential effect of blood loss on photopic and scotopic
vision, which would result in differential latencies of responses to the
red and blue stimuli, Preliminary results have revealed no systematic
differences betwecen responding to the two visual stimuli as blood losses
occur, To obtain the anticipated effect, it may be necessary to run the
experiment under dark adaptation.

b. Cardiovascular function and motor behavior., A set of recent
experiments has suggested that, in hvmans, the cardiovascular system may
modify motor behavior. Specificall', reaction time in humans seems to
be reclated to the amount of sinus arrythmia, even when the arrythmia is
produced by external stimulation, We are attempting to replicate these
findings, using monkeys prepared for external pacing of the heart and
trained to release a lever quickly at the presentation of an auditory
tone. To date,we have established stable response baselines in two
monkeys, and have paced them at fixed rates. There is some indication
that external pacing, even at a fixed ratc, has a slight cffect on rcaction
time. We are assessing this further before moving on to extarnally paced
sinus arrythmia. We are also prcpared to present the auditory tone during
controlled phases of the cardiac cycle, when the arrythmia experiment has
been completed, If reliable effects are found, we shall attempt to iso-
late receptors and ncural pathways mediating these effects, and also to
examinc effects of cardiac function upon more complex behavior.

¢. Some expcriments within a psychiatric ward for delinquent
scldiers. A psychiatric ward for delinquent soldiers was

the setting for several experiments exploring tha ecffccts of certain
behavioral procedures. The soldiers werc awarded points when they en-
gaged in socially desirable behaviors. They could then exchange the
points for reinforcements, such as coffee, pool room privileges, weck-end
passes, ctc. Within the context of this “point™ economy, the following
procedurcs werc cxamined: 1) manipulation of points as reinforccment
for specified behavior; 2) shaping a high performance level with differ-
ential amounts of reinforcement; 3) demonstration of "wodel" behavior by
a ward officer; 4) punishment by a point fine to control undesired
behavior; S) wuse of a chaining-typc rcinforcement contingency to increasc
desired behavior; and 6) diffcrential rcinforcement of the individual
versus the group to increase the frequency of a verbal performance. The
following resulis were found: 1) Using the behavior of running a half-
mile course, we found that soldier participation would be increased by
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awarding larger amount of reinforcement (points) for running. 2) The i
speed of running was greatly increased when the running speed required

for a larger point award was successively increased from week to week.

3) When the ward's psy-hiatric resident made the run with the men
(thereby serving as a behavioral "model"), the soldiers' participation

in the run was unchanged. 4) An effort was made to increase attend-

ance at the unit meeting by punishing with a 10 point fine the conflicting
behavior, namely, sleeping in bed., The effect was to sharply reduce
attendance at programmed activities including the unit meeting, 5) In
contrast, a chaining-type positive reinforcement contingercy was quite
successful in increasing attendance at the unit meeting. The contingency
was simply that a soldier must attend the meeting in order to receive
points for several other activities, 6) To increase the frequency of
verbal reports at a group meeting, a large number of points were given

to the group (the audience) when a soldier presented a verbal report.

At a later time,the same number of points was allocated to the individual
cpeakers. The more effective procedure with infrequent speakers was the
individual reinforcement.

Summary and Conclusions,

1. The experimental analvsis of basic behavioral variables has
resulted in a number of new findings in the areas of avoidance, vigilance,
conditioned emotional response, complex repertoires of behavior, ané social
interaction., Thesc studies have furnished basic scientific information
and have also laid the groundwork for future research on the disruption of
complex behavior by stress,

e vl

2, Complex behavioral repertoires have been used in the study of
stress, selected brain lesions, and drugs. These studies have revealed
widespread effects upon blcod pressure, aggression, warm-up in avoidance,
and several complex behaviors,

3. Interdisciplinary research has been done in certain medical
and psychiatric areas where behavicr can provide useful measures or where
behavioral technology can be usefully applied. Progress has been made in
the areas of hemorrhagic shock, cardiovascular functioning, and psychiatric
ward procedures.,

Publications.

W. Hodos and J.V. Brady. Brain stimulation. International Encyclopedia
of the Social Sciences., New York: hacMillan, 1968.

H.J. Karten and W, Hodos. A Stereotaxic Atlas of the Brain of the Pigeon
(Columba livia). Baltimore: Johns Hopkiune Press, 1967,

ot armnn . o W A W a3 1 n

et e S




e e g N 4+ 1o

Hineline, P.N. A rapid retractable response lever. Journal of the
Experimental Analysis of Behavior, 1968, 11, 127-128,

Hodos, W. and Trumble, G.H, Strategies of schedule preference in
chimpanzees. Journal of the Experimental Analysis of Behavior,
1967, 10, 503-514,

Swinnen, M.E.T,, Fallon, L.C, and Hodos, W. A respiration monitor,
Medical Electronics News, 1967, 7,9.

Swinnen, M,E,T. and Hodos, W, A versatile programmer for interval and
ratio schedules using a punched-tape reader. Journal of the
Experimental Analysis of Behavior, 1967, 10, 515-516,

Rachlin, H. and Hineline, P.N. Training and maintenance of keypecking in
the pigeon by negative reinforcement., Science, 1967, 157, 954-955.

BB A T ot AR

B . S LSRN

in A

S e R AN I B i

i ok g e

P




Fa,

i PERCEPTLAL PESFORIANCE.
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Project 3A014501B71R, RESEARCH IN BIOMEDICAL SCIENCES
Task 03, Psychiatry

Work Unit 026, Analysis of behavior and of mediating mechanisms:
Psycihcphysical and electrophysiological data
correlation

Investigators. .

Principal: Thomas W. Frazier, Ph.D,

Associate: Ann Barnet, M.D.; CPT Vincent Bitetto, MSC;
CPT K. Peter Clamann, MSC; Robert M. Chapman, Ph.D.;
CPT J, Terry Ernest, MC; Kenneth Gaarder, M.D.;
Abner B. Lall, M.S.; CPT Ted Lawwill, MC;
CPT Peter Rosenberger, MC; Guy Sheatz, Ph.D.;
CPT Samuel A. Shelburne, MC; Richard Srebre, M.D.

Description.

The purpose of this work unit is to investigate relations between
the physical and psychological input of stimulation, both historical
and contextual, and the organism output of neurophysiological functioning
and behavior. It is at this interface between physiology ard behavior
where some of our most baffling problems occur and currently where some
of our most significant advances aie being made. 1In the end, it is the
behavior of the individual that is of concern, but well functioning
behavior is supported and in detail mediated by physiological mechanisms
and their integrative action. The elucidation of these mechanisms is
fundamental to solving a wide range of problems that exist. The
principal methods are those of psychophysics, biophysics, sensory
stimulation, experimental psychology, electrophysiological recording,
and statistical analysis. The work is divided into two categories:
(1) correlative behavioral and electrophysiological investigations,
and (2) studies of central and sensory mechanisms.

Progress.

1. Correlative behavioral and electrophysiological investigations,

a. Visual evoked responses to mean.ngful stimuli. The effects
of task relevance and stimulus parameters on averaged evoked responses
are being studied. It has been found that the evnked response is
influenced not only by the physical parameters of the stimuli, but
also by psychological parameters. That is, not only do the light
intensity, wavelength, duration and stimulus shape affect the brain
response, but also the meaningfulness of the stimuli, where the
meaningfulness is established by task relevance. Controls showed
that the meaningfulness effcct does not depend on relative encrgy in
the stimuli, changes in pupil sizc or accommodation, monocular vicwing,




eye movements,or amount of alpha EEG activity. In the general
experimental design, control stimuli are a regular part of each trial.
Since they occur in temporal proximity with the relevant stimuli,

they rule out the possible role of any longer term changes. One of
the problems is separating expectancy and post-perceptual processes.
This has been investigated by randomizing not only the informational
content of the visual stimuli, but also the presentation order of
relevant and irrelevant stimuli within each trial. This has required
a very large amount of computer processing time, since the EEG activity
must be sorted out in order to obtain the average evoked potentials
for each class of stimulus in each of the various orders. The data
analyzed thus far have shown marked differences that may be associated
with expectancy and with the nature of the post-perceptual processing.
This work will proceed considerably faster when the new computer
satellite system is installed. Using the same experimental design,
cerebral hemisphere dominance effects are being investigated.

b. Brain activity and assessment of intelligence. Several
investigators have recently suggested that certain aspects of the
averaged evoked potential have a significant relation to intelligence.
This suggests the use of the avaraged evoked potential as a culture
free, non-verbal, non-motor test of intelligence, This far-reaching
possitility is being subjected to experimental test. Several special
purpose, solid-state pieces of equipment have been designed,
fabricated, and evaluated and preliminary tests obtained.

¢. Chromatic mechanisms in primitive photoreceptors.
Electrical recording from Limulus median ocelli has shown two spectral
mechanisms, one in the green part of the visible spectrum (near
530 nm) and the other in the near-ultraviolet (near 360 nm). Several
lines of evidence concur in this conclusion: analysis of response
vaveforms (rise times and fall times), slopes of response-energy
functions, spectral sensitivity functions, and chromatic adaptation.
Similar analyses on elsctrophysiological responses from the lateral
eyes fail to find evidence for more than one spectral mechanism, whose
spectrzl sensitivity agrees with the difference spectrum of a
photopigment extracted from lateral eyes. Especially striking is the
extremely high sensitivity to UV. A paper was published this year.
The contribution of these spectral mechanisms to behavior was
investigated by studying phototatic behavior in a field study. Ome
pair of eyes was occluded and circus movements produced by unilateral
occlusion of the other type of eye. Both lateral eyes and median
ocelli were effective in contr-lling ths phototatic behavior under
full spectrum stimulation. However, only near-ultraviolet, and not
long-wavelength visible, light was effective with the wedian ocelli.
These data agree with the electrophysiological analyses and further
suggest the possibility of wavelength discrimination at a primitive
level. These studies investigate some of the fundamental mechanisms
in photoreception and its relation to visual behavior.
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d. Task rclevance and auditory evoked r-sponses. The

influence on auditory averaged evoked potentials {AEP) of information
processing during problem solving was studied. An experimental
design was used which presented two relevant and two irrelevant
auditory stimuli on each trial where the task was to determine which
of the two relevant stimuli was of lower frequency. 7Two classes of
stimuli wvere used: narrov band tones and broad band noises. Either
class of stimuli could be designated relevant in order to control for
physical differences in the stimuli., AEP were computed from the
subject's EEG while processing this auditory information. Separate
AEPs for each of the four stimuli in a trial were computed. The AEPs
tended to have two prominent positive peake with latencies of
approximately 150 and 300 msec. The amplitudes of these peaks were
measured and the influence of task relevance, stimulus class, and
presentation order within a trial were evaluated statistically by
analyses of variance with factorial designs. Although the tones

and noises were physically and qualitatively quite different, their
AEPs werc similar. However, the task relevance of the stimuli had
marked effects on the AEPs, the magritude depending greatly on the
order of the stimuli within a trial. Both positive peaks were larger
when the stimuli were relevant than when the identical stimuli were
irrelevant, with peak 2 showing larger effects than peak 1. Peak 2
was especially elevated for thc szcond relevant stimulus. This was
related to differences in post-perceptual processing, since the
information in the first relevant stimulus had only to be "stored,"
while the problem could he sclved with the second relevant stimulus.
Thus, AEPs may be used to study brain processes that are of a higher
order than simple attention. uncertainty (information theory), or
stimulus gating. A naper his been submitted for clearance for
publication.

e. Behavioral spectral sensitivity. Spectral sensitivity
determinations have been made so that quantitative comparison can be
made between thece behavioral data and electrophysiological and
photochemical action spectra from the same organism in an elucidation
of basic mechanisms underlying the visual system. The behavioral
testing situation for Rana Catesbiarna involves a forced-choice,
paired-comparisons prefercnce procedure with test lights of controlled
wvavelength and energy. From these choice data, a family of functions
with wavelength as the parameter relate percent choice to light -
energy. A criterion of equal choice (50%) was applied to this family
of functions in order to obtain a spectral scnsitivity function, The
spectral sensitivity function obtaincd after dark adaptation had a .
maximum at 540 nm and was much narrower than the usual electrophysiological
or photochemical curve. It appcars that scveral spectral mechanisms
contribute to this behavior. This was confirmed by shifting the
curve with long-wavelength chromatic adaptation. Regression models
are being applied to determine the connection cocfficients, assuming
the action of spectral mcchanisms uncovered by electrophysiological
techniques.
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f. Alpha EEG activity and eye orientation. Recent work has
suggested that much of the increase in alpha EEG activity following
eye closure in the classic "eyes open - eyes closed" test is due to
the accompanying tendency for the eyes to turn upward. This hypothesis
had far-reaching implications in the evaluation of EEG indices of brain
function. This hypothesis was tested by measuring the amount of alpha
activity present with eye positions "ahead" and "up" in the 1light and
in the dark and comparing these results with changes in alpha activity
with eyes "opened" and "closed" in the ligtt. Data were obtained from
a preliminary group of 13 subjects and a mein group of 22 subjects,
wvhere an electrooculogram measure of eye pcsition and visual targets
in the light conditions were added. The data were evaluated by
analyses of variance of both groups as well as on the repeated measurcs
of each of the 35 subjects, The dark condition was especially critical
for testing the hypothesis since it removed the possibility of
differential visual input which might be associated with ocular
orientation. The data quite consistently showed that the position of
the eye was not a primary factor in controlling alpha EEG, while eye
closure and darkness dramatically increased alpha activity. Differential
eye input appears to be a major factor. A paper for publication is
in the final stages of preparation,

g. EEG audiometry. The use of EEG audiometry as an aid in
the diagnosis of deafness and hearing deficits in the young was studied.
Clicks and pure tone stimuli were used. Follow-up of infants with
rubella syndrome diagnosed previously as dcaf using EEG audiometry is
being done. Other young children referred by Walter Reed Army Hospital
and by Children's Hospital of the D.C. are being evaluated independently
by the audiologist and by EEG audiometry. Our experience with EEG
audiometry was reported and discussed by two of our investigators at a
two-day workshop organized by the Army Audiclogy & Speech Center as
part of the Basic Science Course for Military Otolaryngology Residents
and sponsored by *he Armed Forces Institute of Pathology and the D.C.
Medical Society, Neurological and Neurosurgical Meeting.

h. Studies of normal development of click and flash evoked
EBG responses. Longitudinal and cross sectional study of avecraged evoked
electroencephalographic responses of the normal human infant to sensory
stimuli has bcen continued this ycar. Sets of stimuli were presented
and the responses recorded from scalp electrodes wore electronically
averaged using a digital computer. A recording on magnctic tape was
made so that additional analyses cuuld be done. The Bayley Infant
Scale of Motor and Mental Development was administercd to the infants
in the EEC study group and each infant rcceived a neurological examination.
Cross sectional data on a sample of 150 normal infants under one yecar
of age are currently being anslyzed. Light and click evoked response
characteristics are being correlated with age, state of consciousness,
stimulus intensity, rate, order of presentation, and number of stimuli
presented, as wecll as with the results of the behavioral testings.
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i. Evoked responses in mentally retarded infants. Some
infants who are mentally retarded show evoked responses which differ
from those of normal infants. Our greatest experience has been with
a subject population with mongolism, The most striking variation is
in the evoked response amplitudes recorded from an electrodec near the
vertex to clicks presented at a slow rate, but the visual evoked
responses may also show a similar variation. A report of these findings
has been published. A series of approximately 200 recordings on normal
children under one year indicated that, under the recording conditions
used, the amplitudes of the averaged click cvoked response are in the
range of 5~50 microvolts, Amplitudes in the abnormal group are often
50~105 microvolts. Infants in the large amplitude group have included
those with mongolism, congenital rubella, congenital hypothyroidism,
and one patient with idiopathic microcephaly with severe developmental
retardation. In the last named patient, the EEC findings were the
first indication of abnormality. Accurate prognosis as to the eventual
mental development of infants who are neurologically suspect at birth
is difficult. Our studies have thus far indicated that the sensory
evoked responses may aid in prognosis.

j. Mongoliem- SHTP Projcct. The metabolism of serotonin in
mongoloid infants is also being studied in collaboration with Dr.
Richkmond Paine and Dr. Mary Bazelon of the Department of Neurology.
The major result to date is an improvement of muscle tone in the
drug-tested infants, Several of the drug-treated mongoloids have also
shown striking EEG evoked response changes which are currently being
evaluated. The first group of infants is being followed longitudinally.
A double blind experimental group was started in May, 1967. These
children will be followed until they are 3 years old. The effect of
serotonin -~ 5HTP on EEG sleep patterns of mongoloids is also being
evaluated. Five sleecp and evoked response studies were performed on
a8 mongoloid infant whose parents inadvertently gave their child high
doses of SHTP. No immediate grave cffects were apparent but this
infant is being followed closely. A report of this case has been
accepted for publication in Brain Rescarch,

k. Binocular vivalry and cvoked responses., When dissimilar
stimuli are presented to the two eyes, the obscrver tends to altermate
between secing the two stimuli. This constitutes experimental binocular
rivalry which has many of thc properties of the clinical syndrome. An
experiment was devised te study this visual suppression using the ‘
averaged cvoked response as an objective index. To identify the evoked
potentials, each eye was stimulated by flickering light at a dif{ferent
frequency. Building on the preliminary cxperiments of last year, a
more efficient kind of visual stimulation was developed which involved
countcrphase sinc-wave modulated alternating checkerboard stimulation.
Positive rcsults were obtained which shoved that the brain response
to the momentarily non-dominant (image suppressed) eye was slouver and
usually of smaller magnitude.
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2. Studies of central and sensory mechanisms.

a. Origin of dark noise in human foveal vision and signal
detection. Signal detection in human vision assumes that dark noise
exists and results in the occurrence of false positive responses, i.e.,
light judged by an observer to be present when no light is present.

The origin of the dark noise is unknown. Experimental evidence has
been obtained which indicates that at least some of the dark noise
relevant to psychophysical measurements in the visual system is
introduced at a stage of information processing preceding light
adaptation, and therefore originates in the eye itself. When brief
flashes of nonchromatic light were presented to the fovea at intensities
sufficiently low that not all were seen, the hues of the detected
flashes varied. In a previous experiment, it was shown that the hues
of the detected flashes were matched by a steady monochromatic light
of moderate intensity at either 625 nm or 525 nm. The matching
wavelengths required did not depend on the wavelength of the flash;
only the relative numbers of red and green observations varied with

the flash wavelength., Using carefully controlled test flashies in a
randomized procedure with various levels of red light adaptation, it
was found that the ratio of red to green detected flashes was dccreased
by adaptation to the red light at all wavelengths where the ratio was
measurable, 1f dark noise is introduced at a stage of visual information
processing which precedes adaptation, the gain change would be czpected
to operate cn the dark noise as well as the incident light. This
hypothesis was supported by finding a decrease in the ratio of red

to green false positives after adaptation to a red light.

b. Glaucoma mechanisms: ERG and optic nerve potential as
function of intraocular pressure.lt has been previously shown that
the small vessel structure of the papilla and lamina cribrosa in man
is the ciliary circulation and that this circulation has a lower
intravascular blood pressure than the inner retinal circulation. Ve
have previously shown that elevated intraocular pressure compromises
the small vessel structure of the papilla and lamina cribrosa and it
has been hypothesized that this creates a functional disturbance.
Optic nerve potential recording with control of the intraocular pressure
furnishes information about the effects of pressure on eye function.
Animal surgery and stercotaxic apparatus was constructed to make
possible intracranial optic nerve recording. Thus far 14 expcrimental
animals (cats) have becn used. Besides 2stablishing a rcliable
technique, it has been possible to obtain data relating the retinal
artery pressire and the intraccular pressure to optic nerve function.
It 1s clear that the eifccts are not lincar, but it may be possible
on the basis of the data to write a mathcmatical description of the
physiological processes involved.
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¢. Activation energy of photoreceptor By electllcal recording

from single cells., The retinula cell of the lateral eye of Limulus
exhibits (spontanecous) discrete slow potentials in the dark when
monitored by an intracellular micropipette., These discrete events
constitute a physiological source of photoreceptor dark noise. Possibly
they arise from the breakdown of visual pigment in the photoreceptor

due to thermal energy. To test this hypothesis the activation energy

of the spontaneous discrete events is being measured by determining

the effect of temperature on their rate of occurrence. Previous
experiments performed on this project have indicated that the activation
energy for the breakdown of visual pigment in situ can be estimated

from the change of relative spectral sensitivity with temperature.

In these experiments the rate of spontaneous events and the spectral
curves are being measured for the same single photoreceptor at several
different temperatures in the range 5- 35°C. An extremely accurate
method of determining spectral sensitivity has been deveioped for this 4 ‘
experiment involving two light paths. L |

g

d. Quantum statistical analysis of light induced EMF's in
photoreceptor. When very dim flashes are presented to Limulus lateral
eye the frequency of discrete slow potentials 1is increased for a short
time interval following the flash. Preliminary experiments suggest
that the induced events result from single photon absorptions on a one
to one basis. In order to gain more insight into the statistical
properties of the discrete events it hes been arranged to present
flashes of variable duration to the eye in such a way as to keep the
number of photons delivered par flash constant regardless of the flash
duration. The critical time for the production of discrete events
and the latency distribution of the discrete cvents is now being
studied. Suitable theory to rclate these metrics to the quantum ¥
coincidence required for the production of a discrete event has been i
developed and tested using monte carlo methods. ]
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2. Electroretirogram and occipital responses: developmental
study. Previous work on the development of retinal and central visual
function in newborn human infants has been extended by simultaneously
recording averaged clectroretinogram and occipital responses to a
luminance serjes of orange and white light flashes. The data suggest
that photopic as well as scotopic function is present at or shortly
afrer birth. Thase findings arc consonant with recent behavioral
observations of pattern and color vision in the young infant.

f. Dark adaptation and night vision under hemoglobin saturation.
The nffect of a hemoglobin saturation of 857 oxygen (equivalent altitude
of approximately 15,600 fect) on the proficiency of night vision and dark
adaptation ix being studied. This is a continuation of a study begun at
the University of Chicage in vhich it was found that anoxia affacted
periphcral retinal thresholds to a grcater extent than central arcas.
A laboratory for human clectrophysiology has been sct up and, to the
bencfit of their diagnosis and trcatment, rctinal profiles have been

o
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done on WRGH eye patients. The results of these studies have been
forwarded to the attending ophthalmologists. These results will be
used as baseline records for comparison with the data obtained from
experimental subjects.

g. Effect of light damage on the retina. This study was
designed to correlate changes in visual (hreshold measured by psychophysical
methods with both the electroph-siology and the histopathology of the
retina. A special technique employing curare and a respirator has been
set up for rodent electroretinography analysis., A method has been
established for intravital fixation of the eyes. The microtome and
staining equipment of the WRAIR Veterinary Pathology Laboratory have
been made available and eye sectioning has been started. Initial
studies have indicated that clearly defined retinal changes are present
in animals which have elevated visual thresholds as measured by
psychophysical means. Currently, apparatus is being constructed to
improve the control of the light damage, and the information already
obtained appears highly promising.

h. Congenital ocular albinism: histological and electro-
physiological experimental study. The histology facilities of the WRAIR
Veterinary Pathology Laboratory are also being used to obtain sections
of eyes from a series of cats with congenital nerve deafness. This !
study is in cooperation with Cesar Fernandez, professor of Physiology
and Otolarynology at the University of Chicagoc. These animals have
an abnormal absence of both choroidal pigmentation and tapetum lucidum
and initial studies indicate that the pathology is similar to that
seen in congenital ocular albinism of man. In an effort to understand
the adult pathology, the normal embryology of the retina and choroid
is being analyzed in a series of developing kitten eyes. The electro-
physiology of the pathological adults is alsc being studied in an
effort to elucidate functional changes in vision second to retinal
pigmentation anomalies.

1. Vascuiar conductivity of the ocular papilla. It is
anticipated that calorimetric methods wili make possible the analysis
of the vascular conductivity of the papilla relative to the intraocular
pressure. Construction of a thermocouple amplifier has beer started
for this study of the vasculature of the optic nerve.

j. Organization of single motor units in human muscle. It
has been shown thai the single motor unit as defined by Sherrington
{8 the smallest functional unit fn a voluntary muscle, and that isometric
tension is graded both by altering the output of single units and by
varying the number of units active. This study is to qualify the
relatioashipy betwecn the number of active motor units, their firing
frequencies, and gross tension output in order to elucidate the
mechanicm Dy which a muscle producee and controls tension output.
The requircd cquipaent including oscilloscopes, tension-measuring
devices, und recording clectrodes is being asscmbled. Also a four-channel
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amplifier system capable of gains from 100 to 50,000 with a noise level
of less than 10 microvolts has been designed and fabricated.

k. Visual changes produced by anti-malarial drugs. A
multifaceted program for studving ocular toxicity of drugs, espe:ially
antimalarial drugs such as analogs of chloroquine, was pursued. As
chloroquine given in large dosages can produce irreversible visual
damage, the ocular effects resulting from anti-malarial drug dosages
were studicd, Radioautography was used to determine the relative
localization of chlorogulne accumulation in the eye. This technique
was designed to skirt the problem that chloroquine is highly soluble
in almost all polar and nonpolar selvents. Additionally, an animal
testing technique was under development for use in tescting ocular
toxicity of drugs. This technique utilized an effect of constant
illumination of the retina which results in dest.uction of rods, cones,
and pigment epithelium to accelerate the rate of destruction. The
effects of the drug then are superimposed upon this light-induced
destruction. The ERG was used as a functional test of damage.

Summary and Conclusions:

This work unit has been concerned with the ncurophysioiogical
mechanisms mediating between physical and psychological stimulation
and behavior. The research has been divided into two categories:
(1) Correlations between behavioral and physiological functioning; and
(2) Studies of central and sensory mechanisms.

In the first group of studies, it wa- found that the cortical evoked
response was influenced not only by the physical parameters of the

stimuli, but also by psychological parameters. Fvoked responsc diffcrences

have been associated with expectancy and with the naturc of the post-
perceptual processing. The use of the averaged evoked potential as a
culture free test of intelligence is being investigated. Correlations
have been found between electrophysioclogical and behavioral measures

of chromatic mechanisms in primitive photoraceptors and thesc mechanisms
are being pursued at the cellular level. 1In a problem selving

situation auditory evoked potentials werc differentially related to
storage and problem solving stimuli. Comparisons of spectral sensitivity
at the electrophysiological and behavioral level for a color-detecting
vertebrate eye have been obtained and integrative models ave being
assessed. A recent hypothesis linking alpha EEG activity with eye
orientation has been rejected in a carefully controlled study. The

use of EEC audiometry as an aid in the diagnosis of deafness and

hearing deficits in difficult cases was studicd with promising results.
Studics are being conducted on the normal development of click and

flash cvoked EEG responses. Averaged evoked responsc differences
assocfiated with mentally retarded infants have been found.
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In a continuing study of the metabolism of serotonin in mongoloid infants,
an improvement of muscle tone and striking EEG changes in the drug-tested
infants have been found. In a study of binocular rivalry a correlate
of visual suppression was found in a temporally coded evoked response.,

In the second group of studies, the origin of some of the dark
noise in human foveal vision in signal detection has been found to
precede light adaptation and therefore originates in the eye itself.
in an experimental study of glaucoma, the ERG and optic nerve potentials

-are being studied as a function of intraocular pressure. The activation

energy for photoreceprors is being investigated by electrical recording
from single cells. The quantum statistics of light induced EMF's in
single photoreceptors are being analyzed. The development of photopic
and scotopic function was assessed by electroretinogram and occipital
response techniques. Effects of hemoglobin saturation on the proficiency
of night vision and dark adaptation are being studied in connection with
retinal profiles for eye patients. An experimental study is underway

to assess the effect of light damage on retinal changes and visual
thresholds determined by psychophysical methods. An experimental

analog of congenital ocular albinism is being followed histologically
and clectrophysiolegically. Calorimetric methods to study the
vasculature of the optic nerve are being developed. An investigation

of the organization of single motor units in human muscle is underway .
Studies were conducted on the effects of antimalarial drugs on visual
and ocular functioning,
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Project 3A025601A806, Military Preventive Medicine
Task 01, Military Preventive Medicine
Work Unit 030, Global Health Data
Investigators.
Principal: COL Stefano Vivona, MC

Associate: Ann C. Fred, M.D.

| Description.

Health Data Reports are prepared for the use of Army
Medical Service Officers and contain unclassified information
regarding the health and sanitary conditions likely to be
encountered in foreign countries to which they are deployed.
They describe the geography, climate, religion, animals
and plants of medical importance, water supplies, methods
of waste and sewage disposal, diseases present, medical
facilities, etc., of each country reported on.

RE R

Progress.

At the end of FY 1968, Health Data Reports had been
completed and published on 43 countries. Six of these,
Sierra Leone, Pakistan, Tanzania, Lebanon, Egypt and the
Ivory Coast were published during the past year. Reports
on Libya, Uganda, Israel, Jordan, Syria, Ethiopia and Af-
ghanistan are in varying stages of completion.
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Project 3A025601A806 Military Preventive Medicine

Task 01, Military Preventive Medicine

Work Unit 031, Optimum Allocation of Sanitary Engineering

Manpower Resources
Investigator: MAJ Wladimir Gulevich, MSC

Description.

Considerable amount of effort has been traditionally
expended by preventive medicine personnel in conducting
routine inspections of the operations having public health
significance. As yet, no rational evaluation of the effi-
cacy of such surveillance visits has been made, nor have
methods been developed to permit such an evaluation on a
quantitative basis. It is the purpose of this task to ad-
dress itself to developing a statistical study to be con-
ducted under actual operational conditions in locations
where preventive medicine units are assigned.

Progress.

The feasibility study phase of the task was initiated
in August 1967 and was completed in May 1968, The results
of that phase indicate that it is possible to describe the
operational behavior of the person being inspected and the
influence exerted by the inspector in terms of a stochastic
(statistical) model. The developed methods were found to
be sufficiently sensitive to detect the inspector's influ-
ence upon operation outcome if it indeed exists. A proposal
is being prepared to conduct a field study which will enable
the investigator to gather pertinent data under actual operat-
ing conditions.
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(U) TECH ODJCCYIVE = TO CEFINE 2CCHNCSCS THAT HAVE POTINTIAL MILITARY SIGMIFICANCE, YO
DULEMPING PA2TIVALENCS, SOURCES ANG MCOES OF INFECTICN, AND TQ CEVISE FEASUPES FOX OIAGROSLYS,
PASVONTION ALD CORTA0L. STUCIES ARE CCCHDINATED WIVE FIZLO UNITS, ENPHASIZING LEPYOSPIRCSIS
! AND BTLIODOSES ARG INCLUBE~ TLEATIFICATICN AMNC STULIES CF JSOLAYCS OOTAIUED IN
O SRIDEPTCLOGICAL TRVESTIGATICNS, CHESC AND VACCINE PRGPRPYLAXIS FCR LEPTQSOLALSES, CEVCLOPNEN
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i (U) APPROACH= CCMVERTIOMAL CULTURAL AND SERCLCCICH TECHIICS ARE USEDR Ih EPIDLRIOLGSICAL
OSTUDEES. GENCTIC TOCL UTILIZCC FCW STUDY CF ARTIEICTIC RESISTANCE IM MILIGICGISIS. HANSTERS
A0 DGOS ARE USTD TO EVALUATE VOACCINES AND CRUGS. MAJOR PROJLEM3= BAINTENANCE OF S]\le
GIRULEMCE FOR EXPERIMENTAL IHFECYICKHSy ~YIT=-T2IL~ Ih HANSTERS, AMO LACK OF SAFE OF ARN
TACILIVIES FOR FPELICIOUSIS STLOLIES. FRUGRAMMELD UICUIL HIVAQCEN FRECEZING TECHMNICS ANE BEIP
STLO{EC FOA LCNG TERP PRESCRVATICH CF LEPTCSPIFAL STRATNS.

(U) PROGRESS - JLL 67 THRU JUN €8 SERCLOGICAL STUCIES 0N LEPTOSD IRAL TSOLATCS PROVIDED
ACOLTIONAL TLFORBATICON ON CCCLRAENCE CF SPCCIFIC SEROTYPES IN NALAYSLA, TEAILAND AND
YIETNAM, SCREENING CRLG PRCCECUAES FCPR LEPYGSFINCSIS MNERE IMPROVEQ. NITROGE! FRIZEZING
EXPIRIMENTS FOR STURAGE OF LEPYCSPIRA VERE ILITIATEL., CRUG TLSTING FOR LEPTASPIRGSIS WAS
COMTINUCD. GENETIC STIUDIES BHAVE AFFIRMED TAXCAOMIC RELATICHSHIPF BEYGCCH Al NALLELD, P
PSCULCHMALLEY AKND P. MULTIVCRARS, ANTIZICSIS APONC MELIOICOSIS STRAINS DENCMSTRATED AND
PEFLLEDS ANTIDICTIC SENSITIVITIES CF FMELICICOSIS STRAINS CORTINUED. CASERAVATICNS ON
MACVALENCE OF PELIOINGSIS ANTIQCCIES 13 INOCIGENGUS So Eo ASIA POPULATIONS EXTRLIED AND
SZLATED YU ECOLGGICAL FACTCRS. INCREASED MELICICCSIS CASES I Ul.S. MILITARY PERSQNUNIL IN S.
. ASLA HAVT BECH DEVECYEC. LABCRATCRY OIAGROSTS INHCLUCTNS SEROLOGICAL TECHNICS FOR
MELIGIDUSES MAVE DEEN FURTVHMER IPPACVEC. FCOR TECENICAL REMORTSy SECE WALTER RECD ARKY
INSTITUTE OF RESEARCH ANHUAL FRCGRESS REPGRY, 1 JULY 1967 —- 30 JUMNE 196€.
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Project 3A025601A811, MILITARY MEDICAL RESEARCH PROGRAM S. E. ASIA
Task 02, Tropical and Subtropical Military Medical Research

Work Unit 305, Tropical and Subtropical Military Medical Research
Program, SEA, WRAIR - Zoonoses

Investigators.
Principal: COL S, G, Asbill, VC; A. D. Alexander, Ph.D.; M. Rogul,
Ph.D.; CPT S. Green, MSC
Associate: A, Warner, Jr.; S. Schwarting, M.S.; R. D'Agostino, SP5;
J. Brendle, SPu

Description.

Major objectives are to evaluate real or potential military signif-
icance of selected zoonoses, to characterize etiologic agents, to
define epidemiological factors, and to establish methods of diagnosis,
treatment, and control.

Progress.

1. Antileptospiral Drug Screening.

An in vivo procedure to screen drugs for antileptospiral
activity was develcped previously (Annual Report 1966-67). The test
system was a predictable 5-7 day fatal disease in 22-25 day hamsters
infected with canicola or bataviae, Infection was initiated by i.p.
inoculation of a known number of organisms in supernatant fluid from
a 10% suspension of infected hamster liver. Test drugs in a peanut
0il base were administered s.c. and per os in a single dose 48 hours
postinfection., Three doses, 640, 160, 40 mg/Kg of drugs were tested,
each i. five hamsters. Determination of drug activity was based on
survival of infection or significant increase in mean survival time.

This test procedure was used to screen 190 compounds selected
and submitted by the Department of Medicinal Chemistry, WRAIR. Mino-
cycline (87781A) was active at all dose levels; all animals treated
were cured. Nine other compounds had equivocable activity manifest
by sporadic survival cf treated animals. These compounds will be

rechecked.

2. Leptospirosis Surveillance.

Single or paired sera from individuals of a marine company,
3rd Division (Khe Sann) and a company of 199th Light Infantry Brigade
(Long Binh) under surveillance for leptospirosis for periods of 7 and
13 weeks respectively were submitted by the U. S. Army Medical Research
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Team (WRAIR), Vietnam, for confirmatory leptospirosis serological tests,
The two companies' sera were examined by conventional microscopic-
agglutination, slide, and hemolytic test (HL) procedures. HL titers

of 1:160 or greater were seen in sera from 5 of 52 marines. There was
only one rise in titer, the remainder were stationary titers., Two of
the reactors were positive by microscopic-agglutination and/or slide
agglutination tests; one soldier had microscopic-agglutination test
titer of 1:100, but was negative with 2 other procedures. There were,
therefore, a total of 6 reactors in this group. In only one case could
the reactions (by HL test only) be related to the surveillance period.
Other titers may have been incited by previous exposures,

Nine of second serum samples from 90 subjects of the 199th Infantry
Company had HL titers of 1:160, Three of these had partial or ques-
tionable microscopic-agglutination test titers. All were negative with
the slide test., In this series, as in the Khe Sanh Marine series,
microscopic-agglutination and slide test findings failed to establish
the occurrence of infections during the surveillancé periods.

Single convalescent sera from 31 and paired acute and convalescent
sera from 27 leptospirosis cases in military personnel in Vietnam were
submitted by the 9th U, S. Army Medical Laboratory for additional tests
with standard agglutination technics, The laboratory diagnoses at the
g9th U, S. Army Medical Laboratory were established on the basis of
hemolytic tests. Microscopic-agglutination test results affirmed HL test
findings in 53 of the 58 patients. In the series containing paired sera,
significant titer rises were demonstrated in 24 patients. One patient
had a high stationary titer., Agglutinin titers ranged from 1:100 to
1:25,600, The distribution of titers in convalescent specimens was as
follows: 1:100 - 12, 1:400 - 12, 1:1600 - 23, 1:6400 - 7, 1:25,600 - 1,
The distribution of predominant antibody reactions for this series of

cases, as well as for 29 patients tested in the previous year, is shown
in Table 1.

Table 1 - Distribution of Predominant Antibodies in Lepto-
spirosis Cases Occurring in Troops in Vietnam
Predominant Reactions No. of Cases
to Test Antigens FY '67 FY '68 Total
hebdomadis group 12
pyrogenes group
izterohaemorrhagiae
bataviae
Javanica group
grippotyphosa
autumnalis-pomona
canicola
australis
hyos
butembo 1
multiple® y . 1u

Total 29 53
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* Multiple reaction to same titer to 2 or more antigens.
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The diversity of agglutinin responsc in patients was again apparent
in the serums submitted from the 9th U. S. Army Medical Laboratory and
provided evidence that infections were incurred by a large variety of
serotypes. Notwithstanding the different antibody response, one of the
antigens used in the microscopic-agglutination test -- a biflexa strain,
Patoc -- elicited presence of antibodies in all but 5 of 53 patients
positive in microscopic-agglutination tests., Serum from one of the
cases positive on HL gave a positive reaction with patoc but not with
other agglutinating antigens.

The sera from 57 of 58 cases were also tested with !l sets of pooled

nmicroscopic-agglutinating antigens which are commercially available.
Plate test and microscopic-agglutination test findings in 53 patients
were consistent. Sera from 50 patients were positive on both tests;
3 patients were negative on both tests. In 3 cases plate tests were ¥
negative, whereas, microscopic-agglutination tests were positive, On : 4
the other hand, sera from two of the cases negative in latter procedure
gave positive reactions with the plate tests. These findings would ]
support the use of the plate test antigens for diagnosis of leptospirosis
cases in operational area laboratories.

Two strains isolated from soldiers by the 9th U. S. Army Medical
Laboratory were identified to be members of the pyrogenes and hebdomadis
groups. One of the strains was isolated from a patient with classic
renal-hepatic signs. This patient was subsequently evacuated to WRGH,
where a second isolate was obtained from the urine approximately 3
months after disease onset, during the convalescent period. The strain
was recovered by direct cultivation of a mid-stream urine sample in '
5-Fluorouracil leptospiral media, Parallel attempts to recover lepto- :
spirosis by hamster inoculation methods were unsuccessful,

Laboratory diagnosis of leptospirosis has also been established
from 2 cases seen in CONUS Army hospitals in recent returnees or
evacuees from Vietnam.

During the period of this report 50 leptospiral isolates obtained
during the course of epidemiological studies in Malaysia were submitted
for identification. These isolates were related to types previously
found in Malaysia,

One of the representative strains of isolates from Malaysia with
distinct serological properties was definitively identified to be a new
serotype in the autumnalis group.

Twelve isolates obtained from human cases in Malaysia by the Virus
Laboratory, IMR, Kuala Lumpur, were identified by serogroup as follows:
hebdomadis - 2, icterohemorrhagiae - 2, pyrogenes - 3, canicola - 1,
autumnalis - 3, and pomona - 1
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3, Melioidosis.,

a. Serological studies, Support of melioidosis laboratory
diagnostic services of the Armed Torces Medical Laboratories in S. E.
Asia as well as in CONUS was continued.  These services included prepara-
tion, standardization, and submission of serological diagnostic reagents;
development of improved procedures for primary isolation of cultures;
provision of Standing Operating Procedures for the use of these reagents
and for isolation and identification of the etiologic agent; and conduct
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of bacteriological and serological procedures on specimens submitted
for laboratory diagnosis or for confirmation of findings in Afmed
Forces laboratories. In addition, tests were done on "follow-up"
samples from previously proved cases.

During the period of this report, serological or cultural, or
both types of specimens from approximately 510 subjects were tested.
Laboratory confirmation of melioidosis was established for 40 melio-
idosis cases in U, S. Armed Forces personnel in Southeast Asia. The
diagnosis in 18 cases was confirmed bacteriologically. Laboratory
diagnosis in the other 22 cases was established serologically by the
demonstration in single, paired, or serial serum samples of significant
antibody titers in both hemagglutination (1:40 or greater) and comple-
ment-fixation tests (1:8 or greater). The serological diagnosis of 16
other patients whose sera were reactive by one test only or reactive
at low titers in both tests were considered to be equivocable.

A total of 89 such cases have now been affirmed or established
by this laboratory since February 1965. Check tests are now in
_ progress on serum samples from approximately 70 cases that were diag-
nosed at the 9th U, S. Army Medical Laboratory in Vietnam.

Approximately 115 cultures in the stock collection of P. pseudo-
mallei were freeze-dried.

Significant serological reactions were demonstrated in 5 laboratory
personnel working with Pseudomonas pseudomallei -- 3 at a U. S. Naval
Medical Laboratory in Vietnam, 1 at Parke Davis, and 1 at WRAIR, There
was bacteriological or clinical evidence of infection in WRAIR and Parke
Davis reactors, The Navy subjects have clinical signs of illness and
are being studied further,

b. Selective fiedia for P. pseudomallei. Brain heart infusion
agar containing 3% glycerol, 10 U of penicillin and 100 U of polymyxin
per ml has been recommended as a selective media for the isolation of
P. pseudomallei., This medium was reevaluated for possible inhibitory
growth affects on P. pseudomallei strains. Tests were conducted with
seven strains selected on the basis of varying antibiotic susceptibili-
ties. Each of the organisms was suspended to a standard density of
approximately 105 organisms per ml. Ten-fold dilutions were prepared
and 3 terminal dilutions estimated to contain 1 to 100 organisms were
plated in triplicate in both test antibiotic media and in optimum
growth media. There was no remarkable difference in counts in the two
media.,

The same test procedure was used to evaluate the potential useful-.
ness of a commercially available antibiotic additive VCN Inhibitor
(vancomycin 3.0 ug/ml, colistin 7.5 ug/ml, nystatin 12.5 U/ml) used
for selective isolation for Meningococcus sp. Nutrient agar medium con-
taining VCN did not inhibit the growth of P. pseudomallei.




¢, Genetic studics, Studies on the nucleic acid character-
istics and intra-sivain antogoniocw of D, pseudowallei were continued,
The objectives of these studies were to resolve questions on the
epidemiology of melioidosis and the ecology of P, pseudomallei,

Previous attempts to hybridize nucleic acids of Pseudomonas pseudo-
mallei and Actinobacillus mallei together and with other organisms were
descmibed in WRAIR Annual Research Progress Report 1967, Nucleic acids
were attached to membrane filters and hybridized according to the method
of Denhardt (1966). The most specific temperature of incubation appeared
to be 72°C, Under these conditions, genetic relatedness was not quanti-
tatively reproducible. The amount of single stranded deoxyribonucleic
acid (DNA) was monitored by radioactivity and phosphorus determinations,
It was found that DNA was eluted from the filters in unpredictable amounts
during overnight incubation, It was presumed that the high heat of incu-
bation was eluting the DNA from tbe membrane filters. New conditions
were imposed to lower the temperature of renaturation by combining the
Denhardt method with that of Legualt-Demare (1967) who used the denaturant
dimethyl sulfoxide (DMSO). The same method of DNA retention was used as
before, but the filters and radicactive DNA were incubated in 2 SSC
(SSC = 0,15 M NaCl - 0,015 M sodium citrate) containing 30% DMSO. The
optimal renaturation temperature was determined by incubation at five
degree increments of temperature between 45 and 65° C, It was found

that the most specific binding occurred at 60°C.
Again the results were not reproducible, By applying radioactive

DNA to the filters and performing phosphate determinations, it became
evident that DNA was still eluting from the filters in unpredictable
amounts during overnight incubation. Therefore, the most logical method
of computing homologies was to determine the amount of radioactive DNA
hybridizing with the DNA attached to the filters, comparing DNA annealed
to DNA retained on the filter., Even this was not satisfactory.

In Table 2, the results of hybridization tests with millipore filters
(MPF) using radioactive DNA from P. pseudomallei 4845 and phenotypically
similar organisms were compared. Micrococcus lysodeikticus was used as
a genetically nonrelated control because its overall DNA base composition
is similar to P. pscudomallei.

It was evident that three groups of organisms did have some DNA
homology when the vesults were compared to P. pseudomallei annealing to

lzsodelktlcus DNA. It is also obvious that the non-specific aggre-
gatlon in 2 SSC + 30% DMSO is greatly diminished as compared to 2 SSC
alone, At best, these results could only be used as a screening test
to demon: trate relatedness. The most reactive DNA came from P, pseudo-
mallei, as well as A. mallei and P, multivorans.

T The agar column technique of McCarthy and Bolton (1963) was then
used to quantify the nucleic acid homologies of these organisms. This
technique afforded an opportunity of examining the heat elution profile
of the hybridized nucleic acid. To this end native DNA from P. pseudo~
mallei was dissolved in solvents of different salt concentrations with
and without DMSO. The solutions were heated gradually and changss in
optical density were recorded.
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Table 2, Determinations of Nucleic Acid Homologies on MPIF*

, % Relatedness to P, pseudomallei 4845+
Strain Preincubation Medium Preincubation Medium 4+ 307% DMSO
P. pseudomallei 4845 100 100 100 100
P. pseudomallei 1691 . 122 123
,;QL ~ P. pseudomallei 295 79.1 91.9 120 347 |
o A. mallei 3873 132
o A. mallei 4 170
P. aeruginosa 13.9 6.5 0.7 0.6
P. multivorans 382 40.5 51.6 19.7 18.4
i P, fluorescens A 5.6 7.1 0.1 - 0.1
%- P. fluorescens B 0.4 0.05
i P. acidovorans 7.0 6.3 1.2 0.8
g P. putida 4.1 0.5 1.0
L C. janthinum 1.3 0.2
g C. violaceum 2.5 1.7
ﬁ C. amethystinum 1.8 1.7
E C. lividum 2.3 2.8
i A lignieresii 0.8 1.2 0.4 0.3
A. equuli 1.6 1.0
M. lysodeikticus 9.3 19.9 0.4 1.3

* Annealing in preincubation medium (PM) was performed at 72C; PM + 30% DMSO
at 60C overnight. Ratio of radioactive DNA to DNA originally rctained on
filter is 1:50.

+ Relatedness is derived by determining dpm per ug DNA retained on filter
after incubation and dividing by dpm per ,ug of homologous reaction.

117

B o aem . e




5 s st oo,

i g S M

Table 3. Range of P. pseudomallei DNA Denaturation Temperatures
' as Determined by Hyperchromlclty in Various Solvents

Tempcrature of
Solvent Initial Hyperchromicity | Final Hyperchromicity
c c
0.01 8SC 56 77
0,1 §SsC 72 88
0,01 SSC + 30% DMSO 51 65
0.1 SSC + 30% DMSO 6u 76

The ranges between the temperatures of initial and final rise of
hyperchromicity are analogous to the temperatures of initial and complete
denaturation of DNA. Because the agar column matrix melts at 75°C, we
chose 0.01 SSC + 30% DMSO as our eluant for the hybridized DNA's, The
temperature spread was 14°C and the approximate mid-point of thermal

denaturation was 58°C. .
Having determined the denaturation conditions, attention was directed

to the optimal renaturation conditions of DNA. The most specific tempera-
ture of renaturation in 2 SSC is believed to occur approximately 250C

below the Tm determined in 1 SSC. Nucleic acids with 70% guanine + cytosine
would theoretically best renature at 74°C (Marmur and Doty, 1961). To test
this hypothesis, renaturations were carried out in 2 SSC and 2 SSC contain-
ing 30% MISO at various temperatures. The technique is similar to that of
McCarthy and Bolton except that the hybridized DNA in agar was transferred
to a heat regulated chromatography column and washed with 200 ml of incu-
bation fluid at incubation temperature to remove non-specifically bound

DNA. A final wash of 10 ml was used to monitor leakuge, The temperature
was drorped to 44°C and elution of the specific hybridized material was

done in 10 m) washes of 0,01 SSC containing 30% DMSO and raising the tempera-
turc every 10 minutes in 20C increments up to 7HOC,

Table 4 is concerned with the homologous hybridization of P. pseudomallei
4gus, This teble presents the percent of annealing and elution midpoint
(Em) of the hybrids in 2 SSC and Z SSC + 30% DMSO at various renaturation
temperatures,

The elution midpoint is the temperaturc at which 50% of the hybridized
radiocactive DNA is eluted. It is analogous to the Tm. In 2 SSC the Em's
did not even approximate the Tm of the native DNA. Secondly, at 60%nd
65°C M, lysodeikticus DNA would appear to have a 35% and 17% genetic homology
when compared to P. pseudomallei normalized to 100%. Considering other
taxonomic crxtcr;a, we cannot accept this as genetic honology. In 2 SSC
containing 30% DMSO, the Em approximates the Tm of native DNA over a wide
range of incubation temperatures and the amount of non-specific binding
of M. lysodeikticus was consistently very low. The renaturation solvent
of choice was 2 SSC + 30% DMSO. ©679C was chosen as the most specific and
restrictive temperature of renaturation and 0.01 SSC + 30% DMSO was the
cluant. These conditions were uscd to deteimine the genetic relatedness
of P. pseudomallei, A. mallei,and P. multivorans.
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Table 5, Quantitation of Nucleic Acid Homologies in Agar Columns

pseudomallei 4845
pscudomallei 1691
mallei 3873
mallei 4

. multiverans 249

multivorans 85

multivorans 59

:{:‘U"U"J>>’d'd

lysodeikticus

Y
Per Cent Relatedness to:

P. pscudomallei 4845 A. mallei 3873
.Homologous 83.8 ' 2,1
93.4% 6.2 83.1 ¥ 3.3
78.4 t 8.8 Homologous
79.3 ¥ 3.7 86.3 T 1.8
18.9 ¥ 0.6 27.2 % 2.3
11.5 ¥ 1.4 19.6

7.5 % 1.9 10.7 T 3.5
1.9 0.4 1.6 Yo

* Relatedness is expressed as percentage of heterologous binding when
homologous binding is normalized to 1007%. Results are presented as the

mean and standard deviation of at least two determinations.
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Radiocactive DNA from P, pseudomallci 4845 and A. mallei 3873 were
both used as references for nucleic acid homologies. As anticipated
from the membrane filter experiments (Table 1) the DNA from P, pseudo-
mallei and A. mallei were highly reactive with each other (Table 5).
P, multivorans strains had DNA homologies of 7 to 19% with P, pseudo-
mallel 4845 and 10 to 27% with A. mallei 3873, Calculations oLf the
Em elicited almost the same temperatures for P, pseudomallei strains
and A. mallei strains even in reciprocal hybridizations, The Em of
P. multlvorans strains when hybridized with P. pseudomallei and A,
mallel was consistently 3 to 4°C below the reference strains.
These results are consistent with .he physiological and serologi-
cal data previously accumulated by other workers in substantiating
the genetic relatedness of Pseudomonas pseudomallei and Actinobacillus

mallei. In addition, we have corroborated Stanier's opinion (1966)
that P. multivorans is somewhat genetically related to both of these
organisms,

In our hands, nucleic acid homologies on MPF could not be used
as a quantitative test for genetic relatedness but could be used as
a qualitative screening test,

The hybridization of nucleic acids of high guanine and cytosine
(GC) content presents special problems., The temperatures of denatur-
ation and renaturation are proportional teo the increase in GC of the
DNA. In order to overcome this problem DMSO was added to lower the
temperatures of denaturation and renaturation and still maintain
specificity.

d. Intra-straiu growth inhibition of P. pseudomallei, The
ability cf strains of P. pseudomallel to inhibit one another has been
previously reported in WRAIR Annual Report 1966-67. The strains could
be divided into two groups. One group was inhibitory to 21l strains,
The other group was not inhibitory. Inhibition was correlated with
the ability to produce alkaline conditions in agar media.

Fluid was expressed from agar cultures of inhibitor strains. The
pH was found to be approximstely pH 8.6. Wahba agar media was made
up and bufferea to pH 8.6 with Tris-HCl. All P. pseudomallei sirains
were capable of growing at this pH; thus, ruling out pH as an isolated
inhibitory phenomenon.

Agar cultures of inhibitors were chloroformcd and scraped. The
plates were then treated as follows: series 1 - no treatment; series
2 - flooded with Tris buffer pH 6.6, drained and dried; series 3 -
flooded with 0,2% pronase in 0,.1¥ Call, pH 8.6 (Tris buffer soln),
drained and dried; series 4 - flooded with 0.2% trypsin in pH 8.6 Tris
buffer soln, drained and driid. P. pscudomallei strains were streaked
at right angles to the original culture streaks. Pronase was found to
reverse inhibition almost compietely., Trypsin was less effective.
These results suggested that the inhibitor may have been a protein or
peptide.




Wahba agar media was made up with 0.6% Difco agar and another
set with 0,3% agarose., tlnid was expressed from inhibitor cultures

of both media, As yet, the expressed fluids from either media have

not been shown to inhibit agar cultures of the organisms. It is
assumed that this is either a matter of ar inability to concentrate

the inhibitory substance or that the inhibitory substance was retained
by the agar and agarose matrix, The collapsed agar was placed in

petri dishes and overlayed with a fresh agar preparation. This coi-
bination did demonctrate inhibition., Therefore, we do know that

enough inhibitor is retained in the matrix to be demonstrable. However,
“hen the collapsed agar was placed in bored out portions of fresh agar
media, it did not inhibit the growth of subsequent bacteria in its
immediate vicinity., This indicates that inhibition is concentration
dependent.

During the course of this study it was noticed that some of the
strains which were originally designated as inhibitors had lost their
inhibitory properties on repeated subculturc and cloning. The non-
inhibitors never reverted to inhibitors. Finally, inhibition and
alkalinity were correlated with smooth phasc organisms. Noninhibition
and acid production in Wahba agar was associated with rough looking
colonies. The distinction between rough and smooth was most apparent
on Difco brain heart infusion agar containing 3.0% glycerol. The
correlation between rough dissociants and acid substance(s) production
ar.d smooth with alkaline has previously been noted by Nicholl (1932).
We have not found this correlation in broth cultures.

This antagonism is reminiscent of the work of W. Braun (Bacterial
Genetics, 2nd ed., 1965). He found that smooth cultures of Brucella
abortus secreted large amounts of alanine which was *toxic to smooth and
rough strains. The rough strains were more resistant than the smooth,
but still susceptible to inhibition. None of our results negate this
possibility. The reversal of inhibition by proteolytic enzymes may
possibly be due to the detoxifying ability of the protein properties
of the enzymes rather than their specific enzymatic character,

We are presently investigating expressed fluids from cultures grown
on protein-fr~e media, An attempt is being made to determine a differ-
ence in amino acid secretions of inhibitory and non-inhibitory culture:,
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Summary and Conclusions.

1. Antileptospiral Drug Screening.

A previously-developed in vivo drug screening cystem was used to
test 190 compounds selected by the Department cf Medicinal Chemistry,
WRAIR., One compound, minocycline, had antileptospiral activity at all
test dose levels.

2, Leptospirosis Surveillance.

Serological tests were done on subjects of 2 companies in Vietnam
under surveillance for leptospirosis. Occurrence of infections during
the surveillance period could not be affirmed by staadard reference
tests for leptospirosis. Reactions in conventional agglutination tests
were seen in approximately 2% of 142 subjects. These antibodies may
have reflected previous exposures to infection.

Serological studies employing microscopic and macroscopic agglu-~
tination tests were done on single, paired, or serial serum samples
from 58 cases of leptospirosis diagnosed at the 9th U, S. Army Medical
Laboratory. Tests affirmed 9th U. S. Army Medical Laboratory findings
in 55 of 58 patients. The diversity of agglutinin responses in patients
provided evidence that infections were incurred by a large variety of
serotypes. The close correlation of macroscopic test findings with
other procedures served to support the use of these tests in operational
area laboratories. The serological studies provided additional evidence
of the usefulness of a biflexa strain antigen (in microscopic-aggluti-
nation tests) for (etecting antibodies provoked by diverse types.

Culture typing tests were done on 50 strains isolated in Malaysia
to support epidemiological studies by USAMRU in Kuala Lumpur, The
strains were related to types previously found in this country, A
strain submitted previously was identified as a new serotype.

3. Melioidosis.

a. Serological studies. Armed Forces laboratories in South-
east Asia as well as CONUS were supported by provision of serological
diagnostic reagents and by conduct of bacteriological and serolcgical
tests on specimens for labomatory diagnosis. Forty melioidosis cases
in U, S. Armed Forces personnel in Southeast Asia were confirmed or
established by laboratory tests., There were 18 other possible cases.
To date u total of 89 cases have been established by laboratory tests
at WRAIR., Sera from an additinnal 70 cases diagnosed at the Sth U. S.
Army Medical Laboratory are being checked,

Crilection of P, pseudomallei stock cultures of approximately 115
strains from various sources have been freeze-dried.

Serological evidence of melioidosis have been elicited in $ labora-
tory personnel from 3 different laboratories handling P. pseudomallei.
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b, Selective media for P. pseudorallei. A VO mediu (vanco-
mycin 3.0 vg/ml, colistin 7.5 ug/ml, nystatin 12.5 U/nl) used for
Meningococcus sp. could also be used for primary isolation of P. pseudo-
mallei. A 3% glycerol .brain heart infusion medium containing 10 U of
penicillin and 100 U of polymyxin per ml was reevaluated and found to
have no growth inhibitory properties for P. pseudomallei.

[P OS  E

c. Genetic studies., The genetic relatedness of P. pseudomallei
to phenotypically similar species and intra-species strain antagonism
was studied. Nucleic acid homologies demonstrated a high degree of
genetic homology between P. pseudomallei and A. mallei, P, multivorans
strains were also found to be related to both of these organisms in the
range of 7 to 27% genetic homology.

The specificity of nucleic acid hybridizations of DNA containing
large amounts of guanine and cytosine was investigated. It was found
that DMSO was needed to lower the temperature of renaturation and in-
crease the specificities of this test.

d. Intra-Strain Growth Inhibition of P, pseudomallei. The use
of bacteriocins as a tool in the epidemiology of P. pseudomallei does
not seem feasible. The strains studied could be separated into two
groups. One group inhibited the growth of all strains. The other group
did not cause any inhibition, Inhibition was associated with smooth
type colonies which caused the production of alkaline conditions in
Wahba agar. Non-inhibitors were rough variants which produced acid
conditions in agar media.

Publications.

1. M. Rogul, J. Brendle, D, K. Haapala, and A, D, Alexander. DNA
, homologies among Pseudomonas pseudomallei, Actinobacillus mallei and
; phenotypically similar organisms. Bacteriological Proceedings, 1968.

2. M. Rogul, S. R. Schwarting, and A. D. Alexander. Inhibition of
Psendomonas pseudomallei by strains of the same species. Bacteriological
Proceedings, 1968,
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(U} TECH OQJECTIVE - TO ASCERTAIM [F VTHE PRCGFHYLACTIC ACHMINISTRATION OF CAMMA GLO3LLIN TO ‘
120008 IS EFFECTIVE IN RCOUCIAKG THE INCIDENCE OF CLINICAL HEPATITIS, YO OCToRMIniE THE PERICD |, i
OF THNMUNETY AND THE BCSE RECLIREU'- ;

(U} ApPROACH- ALL PCS MALE L, S. ARMY PERSCANEL ASSIGMED YO CUSA RECEIVE Ay INTRARUSCLLAR
INJECTION AT THE ACRIAL PCRT CF ENTRY AND AGAIN FIVE MCHTHS LATER. THFESE [NJCCTIONS CONTAIN
EITHER 24 S+ OR 1C FL. CF 16 FERCENT GAMMA GLCEULIN OR PLACERD MATERIAL. THE TnOCULLATICHS

BIRE GIVEN IX A DGLRLE BLINDED FAMNER BASED UPCN THE LASY CICIT OF VHE SCLCIERS SERIAL ;
HUEBER. DATAN WILL BE ANALYZED BASEO UFCN THE JGCICENCE OF CCCUMENTCC VIRAL KLEPATITIS In i
SCLOIGRS RCCCIVIRG EACH OF THESE MATZRIALS. ;

—

(U} PROGRESS = JLL 67 THRU JUN 68 A WRAIR CCPPCSITE TEAM KAS ASSIGNED 10 KUREA DURILG PAY
1567, THIS TLAM HAS ESTADLISHED AM INCCULATICM ANL RECORC CENTER AT THE AERIAL PORT OF
GSBaRYATICM FOR ALL U. So ARMY PERSCHMEL ADRIVILC IN KOREA, SOLOICRS ASSICHED TO XOREA
RECEIVE RICLCSIC MATERIALS UPCN ZFRIVIL ANC ACAIN FIVE KONTES LATZR, SCALTINY OF att
ACMISSICHS TC HOSPITALS IS PAINTAINZL TC INSURE FRGEER COCUFENTATIUN OF HEPATITIS IN EACM
SIUDY PATICNT, FIFTY THOUSAMD SCLCIERS HAVE RECEIVEC INITIAL IMOCULATIONS. COMPLIANCE vITH
THE SECCHD 1NJTCTYEON AT FIVE FCATFS 1S o8 PERCENT. SURVEYS CF FEPAYITIS PATIENTS AMND
RANDONLY SELECTED WILL SOLCIERS WERE INITULATEC TC ASCERTAIN IF U. S. SOLDIZRS WERE [I'PULE TO
t] HEPATITIS CONTRACTED IN KCREA, FCF TECHNICAL PEFCITS, SEE GALTER RECU ARRY INSTITLTE OF
] RESEARCH AMNLAL PROGRESS REFORY, 1 JULY 1967 ~ 30 JUME 1548,
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Projecst 3A025601A811 MILITARY MEDICAL RESEARCH PROGRAIf S, E. ASIA
Task 02, Tropical and Subtropical Military Medical Research

Work Unit 308, Prophylactic use of gamma globulin to prevent
infectious hepatitis

Investigators,
Principal: LTC Marcel E, Conrad, MC
Associate: CPT Bertram F, Felsher, MC, CPT George M, Bernier, MC,
Joseph D, Boggs, M.D., Hans F, Smetana, M.D., and
MSG Allen A. Young,

Description.

Gamma globulin has been used in both civilian and military popula-
tions to prevent the occurrence of infectious hepatitis, Scrutiny of
the incidence of hepatitis in troops receiving prophylactic injections
of gamma qlobulin has failed to provide convincing evidence that it
has reduced the incidence of disease. A double blinded clinical study
was initiated to permit evaluation of the effectiveness of U, S. gamma
glgbulin in the prevention of hepatitis in U, S, Forces stationed in

sia.

Despite many reports of isolation of a virus from materials ob-
tained from patients with infectious hepatitis, there is no cenvincing
evidence that the causative organism of infectious hepatitis has been
cultivated., Studies were initiated to obtain materials from patients
with infectious hepatitis and prove that they are infective so that
these specimens can be distributed to various laboratories attermpting
to cultivate and identify the virus. It is postulated that the avail-
ability of materials from single sources and their distributien vo
many laboratories will provide the best opportunity to cultivate the
causative organism of disease and hopefully lead to the production of
a vaccine for the prevention of hepatitis.

Progress

During 1964 a program was initiated by the U, S. Amy to immunize
all military perscennel stationed in the Far East and Southeast Asia
with gamma globulin to reduce the incidence of infectious hepatitis,
Soidiers were injected with 10 ml of 16 per cent human serum garma
globulin shortly after arrival overseas and again five months later,

It vas hoped that this would produce passive immunity anainst hepatitis
and that active immunity would develop through a subclinical infection.
The escalation of the conflict in Vietnam increased the number of troops
staticned {n Asia and markedly reduced the amount of gar=u globulin
avaflable in national stockpiles. Durin? 1965, the recormended dose

of garma globulin was reduced to 5 ml twice during a one year tour in
Asia and during 1966 the recommendation was made that the reduced dose
be administered only to soldiers assigned to units with a continued
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high incidence of hepatitis. Examination of the incidence of )
hepatitis reported from both Korea and Vietnam shewed a marked and A
sustained reduction in the incidence of hepatitis from 19647 when
compared to previous intervals, However, this reduction fn inci-
dence occurred several months before the initiation of t-e gamma
globulin prophylactic program and could not be attributed to it.

In addition, the incidence remained low fsllowing reduction in both
the dose of gamma globulin and the number of troops included in the
immunization program, This information and the relatively limited
avaflability of gamma globulin made it desirable to ascertain the
effectiveness of gamma globulin administration in a controlled study,

During May 1967 a field study was initfated in Korea in which
soldiers assigned PCS to EUSA were given various doses of gamma
globulin or placebo upon arrival and again five months iater, Sol-
diers receive either: (1) 10 ml of 16 per cent human serum gamma |
globulin (20 per cent); (2) 5 m1 of garma globulin and 5 ml of an ;
albumin-sucrose-potassium glutamate solution (20 per cent); (3) 2 m
of gamma globulin and 8 ml of control material (20 per cent) or (4)

10 m1 of the placebo injection (40 per cent). A1l materials must
be characterized for antibodies against known bacteria and viruses
and for fragmentation and content of various gamma globulin com-
ponents., Selection of soldiers for cach injection is made based upon
the last integer of their military serial number, The various ma-
terials used for injection are bottled in 10 ml containers marked
with the ten integers, 0 through 9. Two integers are used for each
material containing the various quantities of gamma globulin; (1),
(2) and (3) above and four integers are utilized for control ma-
terial, Each soldier receives the contents of a bottle labeled with
a number matching the last number in his serial number upon arrival
in the aerial port of debarkation in Korea and again in medical
military dispensaries throughout Korea five months later. All cases
of suspected hepatitis are evacuated to one of two military hospitals
in Korea where the diagnosis is evaluated by both clinical and
laboratory studies, Each documented case of hepatitis is verified
as & study patient by maintenance of central immunization files at
the aerial port of debarkation. It is believed that between 50,000
and 100,000 man years of study will be required to document the
value or limitations of garma globulin in the prevention of infect-
fous hepatitis. During the period May 1967 thrnugh Hay 1968, 50,000
soldiers have received their inftial immunfzations. Icteric hepa-
titis is occurring in soldiers receiving materials labeled with all
ten integers. The possibility that gamma globulin provides limfted
protection for less than five months {s being considered in the

R study, However, insufficient information fs available at present

¢ to make conclusfons regarding this possibility. Lastly, it is pos-
. sibie that the etiologic agent of hepatitis in Korea is different

e frox that in the U, S, This would make U, S, obtained gamma globu-
o Vin fneffective to prevent hepatitis incurred by U. S. military
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forces in Korea., The epidemiologic backaround of each soldier with
hepatitis 1s under investigation to ascertain if selected portions
of the U, S. population are more susceptible to hepatitis. Prelim-
inary data indicate that most soldiers with hepatitis 1ist rural
home addresses. This might indicate that urban U, S, populations
are relatively immune to hepatitis contracted in Korea; presumably
because they were exposed to this "viral {llness" at an earlier
period of 1ife. Lifelong geographical histories are being obtained
from each patient and from a randomly selected population of well :
soldiers to ascertain if this can be documented. Establishment of i
an "immurie" group among U. S. soldiers would permit more catholic
interpretation of observations.,

Studies are being performed at the I11inois State Penitentiary
in collaboration with Dr, Joseph D. Boags of Northwestern University.
Potentially infectious materials from patients with documented infec-
tious hepatitis are being administered to volunteers. Each patient
is hospitalized and carefully controlled clinical and laboratory tests
are performed to ascertain if the volunteer develops hepatitis.
Blood, urine and feces are collected before the administration of
test materials and are stored at -800 C, until the completion of
studies, Materials from subjects developing hepatitis are selected
and divided into small aliquots for distribution to laboratories
attempting to (1) isolate the virus of hepatitis; () develop anti-
body tests to identify the disease (3) produce the cisecase in animals
to obviate the need for human studies, Ouring this fiscal year serum
was provided by Dr, Krugman from children with hepatitis at the
Willowbrook School on Long Island. Oral administration of small ali-
quots of serum produced clinical hepatitis in adult volunteers;
vhereas randomly selected volunteers vho received control material
did not develop any evidence of hepatitis. The specimens collected
in this successful study will be prepared for distribution to various
laboratories within the next few months., It is hoped that the isola-
tion of identical virus in several laboratories and the fulfiliment
of Koch's postulates with these isolates will permit identification
of the causative agent of hepatitis and ultimately provide a vaccine
to prevent the disease.

Summary and Conclusions

A double blinded field study was initiated in Korea by a WRAIR
team to evaluate the usefulness of gamma globulin in the prevention
of infectious hepatitis, This team has completed the first of three
years of anticipated operation., The occurrence of hepatitis among
volunteers has provided materials for distribution to laboratories
attempting to isolate the causative agent of hepatitis.

Publications. .

None, |
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Project 3A025601A816 MILITARY MEDICAL MATERIEL
Tegk 01, Military Medical Materiel

Work Unit 205, Military Medical Materiel
Investigators.

Principal: COL Edward C. Knoblock, MSC
Leo Kazyak, GS 13 g
Lariesa de Baare, M.D. :
CPT Roger L. Garrett, MSC

Associate: Robert Permisohn, GS 09 !
SFC Ralph B. Will |
Jean Lewis, G 05 :
SP 4 Malcoln Guilbeau

Deccription.

This project ic designed to evaluate new concepts of nateriel develop-
sent for incorporstion into the medical laboratories, or for the overall ?
benefit of the Army Medical Department. Progrems include an in-house effort :
for instrumental and technique f{mprovemants ¢nd an eveluation service for :
coordinating developmentsal contracts within the Medical Research and Develop- ;
ment program. :

Erogress.

1. Automated enalytical tcxivology: 1In the interest of Drug Metabo-
lism and Analytical Toxicology, new procedures are developed, techniques

are adspted, and cquipment is modified to meet the requiraments for drug
detection and distribution studies. Further developments dircctly concern-
ing militsary operations were undertaken with evaluaticn of prepared kits
for laborstory use and development effort to provide fotr pure water prepara-
tion under field conditicns.

8. Development of laboratery autoration continues to dominate the
activities of this task., One of the wost aignificant accomnlishments in
this vegarc was the modificetion of the gas chromatograph to opcrate com-
pletely unattended. With the Barber-Colmon automstic injector system,
samples antared the gas chromatograph by remote contrv!, and the data cut-
put was colliected, digitized and punched on 18M cards evtomatically.
Recyclin: of the system wvas governed by a contril modulc and timar which
could be pre-set to any desired interval. The appsratus performed so of fec-
tively that further mddifications vere made to accommodate s second gas
chrosatograph t) doutle the capshility. Upon completion of the prasent
series of tests designed to datermine the totel perforsance characteristics
of the apparatus, this equipment will be utilized in drup studies inrended
to support the Frod and Drug {nvestigation of the eflactivenuss of brend
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name drugs versus the same corounds commercielly availsable under generic
names, Drug distribution stud.es, pertinent to military medicine, will
be one of the more important aspects of this investigatiorn.

b. Recently, a compute:r program, developed and used by this labora-
tory for ultraviolet spectra identification of compounds of toxicological
interest, was modified for the IBM 360 Model-30 computer., The purpose of
this endesvor was to provide the Toxicology Scction of the Armed Forces
Institute of Pathology with the fecility for rapid search of ultraviolet
specira compiled for the {dentification and quentification of suspect come
pounds encountered in toxicrlogical analyses. Further distribution of this
program to other Army Arca Medical Laboratories is intended as soon as com-
puter facilities becomc avecilable to these installations. Other compu er
programs will be avajslabl: as well for distribution, and new programs will
be constautly under development to improve the precision and accuracy of
laboratory procedures and to extend capabilities.

2. Evaluation of prckaged procedure assemblies:

a. A simplified mithod for routine blood chemistries, as supplied by
Bio-Dynamics, lac., Indiznapolis, Indiana, was eveluated from the potential
standpoint of use within the military hospitals. The "Unitest" system
includes complete analytical asscmblies for the analysis of whole blood or
serum for a number of components; ninz were evaluatced under this study.

They include: Toial protein, total globulin, bilirubin, hemoglobin, blood
urea nitrogen {BUN), true glucose, total cholesterol, uric acid and slkaline
phosphatase.

b. Each test was evaluated by performing 100 indepcndent analyses on
serun standards (both normal and abnormal), and comparing the data with the
known values, and the volues obtained with the present mothods used in this
latoratory. Fectors including the varistions due to individuals ({i.e.,
technicians}, enalytical kit lot nuabers, different brands of serum stand-
erds and sholf life were cvaluated. Complete statistical analysis of the
data is currently being nprepared.

¢. Results show the "Unitest™ system to be an excellent series of
methods for the rapid an' ctficfent performance of routine blood chemistries.
The valucs obteined for es+h serics were within an acceptable ranmge for
snclysis. Additional favorcble factors include low cost pdr enalysis, lack
of requizenent for highly skalled technicel personnel, favorahle shelf life
and light-weight and conpactnecs.

3. Developnent of portghle water sifil snd prepackaped intrevencus
sclutions: The prepazetion of pacligad dry chemicals for rzconstitution
of zolutions for intravenuvus use has proceeded to the final pheses of labora-
tory ovalustion. Under coutract Ly the Medical Research end Developaent
Cormanc, Becksan Instruments hos develeped ¢ portable water distillation
system under guidelines providad by a Levalopzent Objective fnitiated by
Special Forces requiremenia. The distiilation unit, as provided,contains
the following charscteristics:
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a. Weight characteristics: The total weight of the assembly, includ-
ing the distillation unit, autoclave and sterilization cans, and an initial
supply of "dry pack" chemicals for reconstitution into intravenous solutions,
is less than 30 pounds and can easily be carried as a back pack, or dropped !
by parachute if necessary. i

b. Materials: All components are of stainless steel or of approved 1
plastic compositions. ;

c. Rate of production of distilled water using a flame source at
18,000 BTU input exceeds one gallon per hour. On charcoal, the still pro-
duces water at approximately one gallon per hour. Electrical heat may
also be used. A wood fire has been unsatisfiactory since sufficient heat
transfer is not possible with this arrangement.

- de Quality control: A battery-operated monitor using the principles
of conductivity furnishes a continuous means for checking quality of the
water produced by the still. The monitor has both a visual blinking light
and an audio-alarm to indicate that water exceeds the proper limits of
safety. In evaluation tests this monitoring system has consistently oper-
atcd well and when set at a three micromho conductivity range water quality
has consistently met the specifications of the United States Pharmacopoeia
for water for injection. Any samples not meeting the requirements of
sterility have been traced to operator error.

e. Water source: The still has demonstrated satisfactory performance
from &8 wide variety of water sources vwhich include sea water, raw river
water from highly polluted sources, diluted sewerage treatment influents,
and potable water supply. From these water sources, the distillation unit
has produced USP quality water with two minor exceptioms. A water source
such as the sewerage which contains a high ammonia or urea content will not
remove the ammonia component. This problem is currently being evaluated
to determine the critical levels of these components. The second area of
concern was a demonstration that waters having a high organic content could
cause foaming that would contaminate the product. This concern has been
essentially eliminated by incorporation of a defoaming screen assembly over
the boiler component.

f. Terminal sterilization: The portable autoclave has proven to be
the largest technical problem., Plastic bags cannot be sterilized directly
in an autoclave without special considerations since the bags expand and
burst -under normal autoclaving processes. A satisfactory method has been
devised however which allows processing of four one-liter units of solution.
Each bag is placed in a metal container which is sufficiently sealed to
prevent any air leaks and to securely enclose the bag. So long as inis
geometry is mainta’.ned, the bags may be terminally sterilized to add further
assurance of safety. The autoclave operates on the seme fuel sources as
described for the still with a one-hour sterilization cycle for the bags.
The autoclave and still, therefore, ar. operating at the same production

123

AP M oot S

N




|
!
|

levels with four units of intravenous solutions being produced per hour,

g. Maintenance requirements: The components of the still and auto-
clave are so constructed that maintenance is very low and can be accome
plished by any operator after simple instruction. Scaling of the boiler
has not been a problem, even with sea water, due to the construction of
this stainless stecl which expands and contrects sufficiently during oper~
ation to break scale loose. This is then carried away ia the waste compo-
nent.

h., Utility requirements: No plumbing connections needed. The unit
will operate from Lyster bags or any other water suppiy which will provide
cooling water and feed water. These may be improvised readily uander most
any conditions where the still would logically be operated.

i. Solutions provided: Travenol Laboratories, under subcontract with
Beckman Instruments, have provided an improved plastic bag with a series of
five "dry pack" reagent &ssemblies., The five intravenous solutions which
are reconstituted have been submitted to the Food and Drug New Drug Develop-
ment Division (FDA) for approval for human use. These include the following:

NDA 16-673 5% Dextrose
NDA 16-677 0.9% Sodium Chloride
NDA 16-678 5% Dex~ ~se in 0.97%
Sod.um Chloride
NDA 16-692 t1/6 Scdium “.actate Injection
NDA 16-694 107 Dextrose

The preliminary ciinical evaluation cat# for the assemblies have been provided
to FDA by the manufacturer. The effi:acy of the production of USP quality
water will be filed with the FDA as soon as the current series of evaluations
have been complcted.

j. Evaluation of pre-production models: Three stills are currently
being evaluated as are tha five "dry pack' assemblies. Approximately two
hundred pyrogen tests have been used to evaluecte the products. At this
preliminary stage it has been demonstrated that the distilletion assembly
will produce USP quality water from highly contaminated weter collected
from the Potomuc River with very high assurance of safety. Minor problens
in the prototype units have becn assessed and can easily be overcome prior
to final-type fabrications. It would appear that most technical problems
have been overcome in developing @ system for constitution of intravenous
solutions under rclatively primitive conditions. Training problems for
user personnel are considerably simplified and & variety of water sources
may be safely used.

Summary and Conclusion.

In addition to other equipment that has been mcdified for computer
sutomation, the gas chromatograph provides & potential for the couplete
systematic approach to ecutonmated anslytical toxicology. 1I1f a small com-
puter could be obtained to operatc '"on line" with this system, analysis
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time could be reduced to a small fraction of what is now required., Off-
line computer processing by an independent data processing center has pro-
duced considerable deiays which have reduced overall efficiency and offset
most of the time reduction accomplished by this laboratory automation
system, '

Prepackaged procedural assemblies have been evalvated and have been
shown to perform well for clinical chemistry procedurec. These procedures
are especially appropriate for the small kaboratory and for night emergency
applications.

A system for production of pyrogen-free, sterile distilled water has
been developed by a commercial contract. Evaluation of pre-production
models has demonstrated that USP quality water may be produced under primi-
tive conditions from a variety of fuel sources and may be safely used to
reconstitute "dry pack" intravenous solution assemblies. Only minor prob-
lems remain before a production unit may be manufactured. Food and Drug
New Drug Development evaluations have been filed and are currently under
evaluation,

Publications.
Kazyak, L., Knoblock, E, C., and Permisohn, R. C, The Determination

of Ccmbinations of Quinine, Chloroquine, and Pyrimethamine ir Antimalarial
Therapy. Proc. Am, Chem. Soc., 31 May 68, San Francisco, California
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*Director, Professional Service, Office of The Surgeon General,

Project 3A025601A821, COMBAT SURGERY
Task 01, Combat Surgery
Work Unit 120, Wound healing

Investigators.
Principal: LTC Teruo Matsumoto, MC *
CPT Thomas B. Ducker, MC; BG George J. Hayes, MC ; CPT
Paul B. Lamborn, Jr., VC; CPT Henry B. Soloway, MC;
MAJ Donald R. 5mith, MC*™; COL Ludwig G. Kempe, MC**

Description,

1. Cyancacrylate tissue adhesives. N-alkyl-alpha-cyanoacrylate
monomers are known for their ability to adhere to moist living tissue,
It was thought that the success of surgical application of cyanoacry-
late tissue adhesives depended on the development of new surgical
techniques suitable for use with the monomers, a simple method of
application, and the selection of a suitable monomer.

After intensive experimental work during the last year, butyl
and isobutyl cyanoacrylate monomers have been selected as ideal monomers
and aerosol tissue adhesive spray has been developed. Study was
focused on the (a) toxicity of propellant, (b) long-term effect on =2x-
perimental animals in which various cyanoacrylate monomers were used,
(c) bacteriological characteristics of these monomers, and (d) other
tissue adhesive -- cross-linked geiatin ccempound.

2, Topical spray of antibiotics. The principal treatment of a
massive open wound in combat is debridement. However, in a military
situation, debridement may be delayed for a period of several hours to
days. A wound untreated for this length of time becomes infected.
There is no recommended treatment except dressing for the weund during
the delay period. The rationale for local use of antibiotics is that,
before debridement, large amounts of vascular dead tissue cannot de-
liver a systemic drug to the wound surface and, in addition, very high
levels of drug concentration can be attained at the wound surface. The
purpose of this work was to determine the efficacy of topical anti-
biotics sprayed on large contaminated crush wounds and to select the
best avciiable antibiotic. During the current year the main effort was
concentrated on determining (a) time factor, (b) duse factor, and (c)
selection of antibiotics., In addition, the efficacy of systemic anti-
biotics was also evaluated.

g R L e

Washington, D. C. 20315

**Neurosurgical Scrvice, Walter Reed Gencral Hospital, Walter Reed
Army Medical Centcr, Washington, D. C. 20012
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3. Evaluation of homologous alpha-alkyl-cyanoacrylates in skin
wound closures, The intention of this project is to evaluate the use
of methyl-2, n-butyl and isobutyl cyanoacrylates for closing skin
wounds, Silk suturing is used as the control for comparison.

4. Peripheral nmerve injury. Studies are designed to improve the
repair cof severed peripheral nerve and the functional result af‘er repair.

5. Periphcral merve injuries, nerve grafts. A two part study was
carried out, Part I dealt with the best kind of graft and Part II was
concerned with the maximum practical length of an irradiated graft in
chimpanzee,

6. Cerebral vascular injury. A study in monkeys to evaluate
methods of preserving cerebral blood flow in an injured cerebral vessel
has been carried out.

Progress.

1. Cyanoacrylate tissue adhesives.

a. Toxicity of propellant. Aerosol tissue adhesive spray intro-
duces a small amount of Freon into the body. This results from physical
trapping of Freon in the polymer film and not from any chemical change
in the monomer. Freon trapped in the polymer appeared to be absorbed
by the blood and eliminated from the lungs.

Histological and functional examinations of each organ
revealed no apparent pathology resulting from the use of Freons as
propellants; findings were similar to those in which the monomer was
sprayed by a nitrogen-activated spray guu.

b. Long-term effect on experimental animals in which various
cyanoacrylate monomers were used. (1) No tumor formation, cither gross
or microscopic, was seen in & series of dogs followed up to two years.
(2) Similar results were found in rats and mice, as well as in the
following generation of rats born to treated animals. (3) Twenty-seven
dogs still alive show no symptoms or evidence of tumor formation at this
time.

c. Bacteriologic characteristics of these monomers. Bacterio-
logic studies indica:- that methyl, isobutyl, and normal butyl, cyano-
acrylate monomcrs have ucither bacteriostatic nor bacteriocidal properties
for either vegetative or spore forms of Staphylococcus epidermidis,
Staphylococcus aureus, lactose-fermenting enterobacteria, Pseudomonas,
Clostridia, and group D Streptococcus.

d. Other tissue adhesive -- cross-linked gelatin compound. In an
experimental study in which we compared cross-linked gelatin with cyano-
acrylate monomers as hemostatic agents and as tissue adhesives, we have
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found that cross-linked gelatin compound effectively contrnlled hemor-
rhage from experimental liver wounds, but the method of application of
this compound was complicated and time-consuming compaced t~ that for
applying cyanoacrylate by aerosol spray, The tissue re.-. o= Jlue to
cross-linked gelatin compound were more than those fourd in hepatic
tissue in which butyl cyanoacrylate was sprayed, The gelatin on the
wound surface disappeared from the body within six months, while butyl
cyanoacrylate polymer did not disappear from tissue within six months
after surgery,.

2, Topicel epray of antibiotics,

Oxytetracycline was topically sprayed on the contaminated crush
wounds of animals' thighs at various time intervals. The study indicated
that maximum effect of maintaining bacterial counts at low levels and
reducing the hazard of infection was obtained when the oxytetracycline
was sprayed within five minutes after injury, whereas minimum benefit
was noted from spraying the wounds with oxytetracycline four hours or
more after injury.

When Neosporin, 15 times the recommended dose, was used, the
mortality was the same as those experiments in which recommended dose
of oxytetracycline (200 times the minimal inhibitory concentration)
was sprayed.

3. Evaluation of homologous alpha-alkyl-cyanoacrylates in skin
wound closures. The datahave shown the three homolcgous glues to have
a higher tensile strength than sutures prior to five days postoperative.
The suture wounds, however, surpassed all three of the glued wounds
thercafter.

4. Peripheral necrve injury. Three important contributions:
(a) The proper size of a silastic cuff to fit over a repair has been
worked out in detail. This study was carried out after stulies last
year showed the thin silastic as the best cuffing material. (b) Improv-
ing the functional result after nerve repair has been worked out by CPT
Dan Donaghue in a study on muscle rchabilitation. (¢) Clinical trials
of the improved technique have becn done in the hospital.

5. Peripheral nerve injuries, nerve grafts. Of all the grafts
available, sn autograft is the best. Second best is an irradiated
homograft, but this graft is more readily available.

The maximum of which a high degree of success can be antici-
pated in irradiated ncrve graft in higher primate (chimpanzec) is & om.
At 5 or more centimeters the graft success rate drops from over 80 per
cent to 30 per cent.

6. Cecrebral vascular injury. The experiment has been completed
and indicated that transicnt, wmassive heparinizacion will help maintain
cercbral cellular integrity while a2 vessel is repaircd by microscopic
techniques.
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Summary and Conclusions.

1. Cyanoacrylate tissue adhesives. Further study of tissue adhe-
sive indicated that there are no ideal tissue adhesives available at the
present time. The best adhesives, at present, are n-butyl and isobutyl
cyanoacrylate monomers in aerosol spray and, on some occasion, drop
bottle form. These adhesives degrade slowly and therefore it is essen-
tial to continue more intensive and longer-term study, although life
time study with small animals was encouraging. Presence of polymer
film between bonded tissue limits the application of these adhesives
in surgery. Hemostasis and sealing of wound in solid orgon and suture
1line reinforcement with or without coagulation disorder are the areas
in which these monomers are useful., These monomers should be used
only as a lifesaving measure after all conventional surgical methods
fail,

2. Topical spray of antibiotics. Topical applications of adequate
doses of oxytetracycline or Neosporin from individually disposable spray
units to large contaminated crush wounds of the thighs of rabbits reduced
mortality from 64 per cent in the control group to 4 per cent in the ex-
perimental if the wounds were sprayed within five minutes after injury.
Local antibiotic therapy is not advocated as a substitute for debride-
ment of ineze kinds of wounds, but it does retard bacterial growth and
thus prolong tiie "golden period" until debridement can be effected.

3. Evaluation of homologous alpha-alkyl-cyanoacrylates in skin
wound closures. The histology confirms the postulation that the glues
inhibited collagen bridying and thereby with time the uninhibited su-
tured wound becomes stronger more rapidly than the glued wound. After
six to seven weeks the rapidly rising tensile strength values for bnth
wounds level off and approximate each other.

4. Peripheral nerve injury. Advances in peripheral nerve repair
have been made with a thin silastic cuff of proper dimensions.

5. Peripheral nerve injuries, nerve grafts. Properly prepared
frradiated homografts of 4 or less centimeters can be anticipated to
succeed in wan.

6. Cerebral vascular injury. Massive heparin may be used to pre-
vent intravasculer coagulation while repairing a cerebral vessel for a
poriod of 15 to 30 minutes. Then it is reversed by protamine, and there
are no complicati~ns of bleeding in completing the craniotomy.
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Project 3A025601A821, COMBAT SURGERY
Task 01, Combat Surgery
Work Unit 121, Responscs to trauma

Investigators
Principal: COL Harold F. Hamit, MC
Associate: LTC Teruo Matsumoto, MC; CPT Thomas B, Ducker, MC;
CPT Richard L. Simmous, MC; BG George J. Hayes, MC*;
CPT Irwin R. Berman, MC; CPT Roger V. Moseley, MC;
CPT Paul B. Lamborn, Jr., VC; H. Kenneth Sleeman, Ph.D.;
CPT Arthur M. Martin, Jr., MC; CPT Henry B. Soloway, MC

Description.

1. Microcirculation of experimental animals in shock. Blood pressure
is measured as one index of adequacy of circulation. Circulation of blood
delivers adequate oxygen to tissue and carries away metabolic products,
Adequate function depends on the volume of blood flow and rate.

The purpose of this study was to observe and analyze the effect
of various drugs on microcirculation of the mesentery, bowel, and conjunc-
tiva in dog and guinea pig, monkey, and baboon before and after (a) hemor-
rhagic shock and (b) malariz infection and to observe and analyze the
microcirculation in (a) wounded liver and kidney and (b) crush wounds in
soft tissue.

2, Spinal cord injuries. A comparative evaluation of treatments
for acute spinal cord injury by which we used a designed experinental |
model to deliver a 275 gm-cm force to the spinal cord. Standard lami-
nectomy, local cord hypothermia, intramuscular decadron, and intrathecal
depomedral. All treatment was started three hours after injury and
neurologic functional recovery was compared.

3. Craniocerebral injuries. Studies have becn carried out to
describe the cardiovascular hemodynamic response to increased intra-
cranial pressure.

4. Studies were designed to obtain information pertairing to per-
fusion of splanchnic, somatic, and pulmonary capillary beds after in-
creased intracranial pressure.

5. Since thoracic duct lymph is primarily an cffusate of hepato-
splanchnic rissues, consumption of oxygen and production of carbon dioxide

and lactate as reflected in thoracic duct lymph have been employed as
indirect parameters of splanchnic perfusion. Lysosomal enzyme levels in

Washington, D. C. 20315
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thoracic duct lymph have also been determined as measures of splanchnic
cellular dysfunction,

6. A nev instrument has been designed based on the Furniss clamp
principle which is capable of producing rapid, precise suture plica-
tion of the inferior vena cava, Studies were performed to determine
the capability of the instrument in producing effective plication with-
out stasis or thrombosis at the plication site,

7. Pathology of pulmonary oxygen toxicity. T'ulmonary hyaline mem-
branes are not uncommon findings at autopsy in cases of shock or trauma,
Because of the similarity of this change to that previously described
after prolonged oxygen therapy, experimental studies have been undertaken
to determine the possible role of oxygen in the etiology of this pul-
monary change in these patients.

Progress.

1. Microcirculation of experimental animals in shock.

a. Majority of diagnostic observations had been reported in
1967.

, b. Portal microcirculation and systemic microcirculation were
somewhat different in response to trauma.

c. The wajor difference was development of aggregation, sludg-
ing and stasis in portal venule in shock.

d. The above difference was remarkable in dog and not extensive
in monkey.

e. Dibenzyline (at least 5 mg/kg) dilated capillaries and in-
creased microcirculation.

f. Epinephrine constricted capillaries and created multiple
shunting between arterioles and venules.

g- Low molecular weight dextran increased diameter of capillaries

and improved microcirculation.

h. WR-2823 was found to be an effective short acting alpha
adrenergic blockade from the microcirculation view point.

i. Microcirculatory studies performed upon monkeys with P.
knowlesi malaria showed sludging of blood elements within the microvascu-
Tature. This sludging began at 72 hours after intravenous transmission
of infection and became progressively more severc with time, Agaregates
of cells remained static within the microvasculature. Many capillarics
saparating these aggregates contained only plasma, and showed constric-
tion of their lumina, To reverse this sludging which was thought to be
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due in large part to capillary constriction, mice with malaria were

given varying doses of phenoxybenzamine (Dibenzyline), an alpha adren-
ergic blocking agent. At doses of 30 mg/kg phenoxybenzamine treated

mice showed significantly increased survival times compared to controls.

j. The response of the microcirculation and fibroblast proli-
feration in wounded liver, kidney and skin after hemostasis or reapproxi-
mation with sutures and cyanoacrylate tissue adhesive was studied.

The presence of cyanoacrylate polymer fragments between
the reapproximated tissues definitely delayed wound healing by prevent-
ing the proliferation of the fibroblasts and microcirculatory vessels
bridging the wounded surfaces.

Striking proliferation of microcirculatory vessels includ- ; v
ing capillaries, arterioles, and venules reached a maximum degree at : '
72 hours to one week then gradually subsided, regardless of the use of ‘
suture or tissue adhesive.

2. Spinal cord injuries. The study has been completed and a
paper written.

3. Craniocerebral injuries. These studies have been completed
and papers written.

4, Pulmonary venous admixture and somatic and splanchnic arterio-
venous shunting follow increased intracranial pressure produced in dogs
by an extradural balloon. Dibenzyline and cordotomy abolish pulmonary
shunting., Adrenalectomy abolishes splanchnic shunting. Propanolol
abolishes somatic shunting. Peripheral shunting is increased following
cervical vagotomy and atropine.

5. Studies indicate that thoracic duct lymph is a more direct indi-
cator of splanchnic perfusion and anaerobiosis than is arterial or venous
blood., Lymph drainage affords lower levels of lysosomal enzymes in blood
of shocked animals.

6. Thirty-five canine studies have been followed u} to 17 weeks.
Plication is rapid and precise and prevents passage of emboli 3 mm or
greater in diametex. Cavagrams show intravascular streaming of dye, with
only onc instance of thrombosis.

7. Pathology of pulmonary oxyguen toxicity. An experimental model
of oxygen toxicity was developed which preduced an LDgg in mature guinea
pigs after 48 hours of 100% oxygen. This model has been utilized for two
studies which are currently in progress. The first study concerns the
acute and long-term effects of acute oxygen toxicity on the pathologic
anatomy of the lungs. In the acute portion of the study animals are sacri-
ficed shortly after the period of oxygen exposvre. In these lungs there
arc¢ extcensive hyaline membranes throughout the alveolar gpaces and
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terminal bronchioles, There appears to be an acute necrosis of bronchi-
olar walls in conjunction with these membranes. 1In the chronic portion
of the study the guinea pigs which survived an LD5p exposure to oxygen
were killed three months later, Animals already sacrificed show mild
emphysema and medial hyperplasia of pulmonary arteries in comparison

to control animals, These findings are preliminary and the studies are
continuing,

Summary and Conclusions,

1. Microcirculation of experimental animals in shock and malaria
infection (P. knowlesi) revealed a significant change in the size of
capillaries and venules, appearance of circulating blood cells (aggrega- .
tion and sludging) and surrounding tissue, o

Capillary proliferation in the repaired wound with cyanoacrylate
monomer delayed considerably compared to that in wound repaired with su-
tures.

2, Spinal cord injuries. Both local cord hypothermia and intra-
muscular decadron improved neurological function recovery to a small,
but definite, degree.

3. Craniocerebral injuries. A systematic integrated cardiovascu-
lar hemodynamic response to increased intracranial pressure has been
shown to include, in order of occurrence: (a) systemic venoconstriction,
(b) an dinotropic eifect on the heart, (c) increased cardiac output, and
finally (d) increased arterioconstriction and a rise in peripheral resist-
@ce. The mechanism of pulmonary edema in this setting has also been
described.

4, Evidence is provided that the hypoxemic response to increased
intracranial pressure is mediated by alpha receptor stimulation; somatic
and splanchnic shuntings are mediated by beta receptor stimulation. A
potential role of peripheral arteriovenous shunting in predisposition
toward rieurogenic pulmonary edema is suggested.

5. Flow rate and composition of thoracic duct lymph vary in a pre-
dictable manner with splanchnic hypoperfusion in endotoxin and hemorrhagic
shock. Thoracic duct drainage modulates levels of blood lysosomal en-
gymes in shock. Evidence is provided that lysosomal enzymes gain access
to the circulation via the lymphatics.

6. Inferior vena caval plication with the new instrument results
in rapid, precise plication with effective trapping, absence of stasis,
prolonged patency, and no foreign body other than the suture itself.

7. Pathology of pulmonary oxygen toxicity. Studies with isobaric
100% oxygen have produced an experimental modcl in guinea pigs with an
LDgg after exposure to 48 hours of oxygen. Preliminary studies revcaled
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extensive hyaline membranes lining the alveolar walls and terminal bron-
chioles and possible acute necrosis of bronchiolar walls in animals
sacrificed shortly after exposure to oxygen. Chronic studies have indi-
cated a possible relationship to th2 production of chronic pulmorary
changes of mild emphysema and pulmonary artery hyperplasia.

Publications,
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2, Matsumoto, T., Hardaway, R. M., and McClain, J. E.: Microcircula-
tion in hemorrhagic shock with relationship to blood pressure.
Arch. Surg, 95: 94, 1967.

3. Matsumoto, T., Hardaway, R. M., and Heisterkamp, C. A.: Determina-
tion of the viability of muscle soon after wounding. Modern Med.
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4. Jennings, P.B., Matsumoto, T., and Hardaway, R. M.: Sublingual venog-
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superior vena cava blood flow. Angiolcgy 19: 36, 19¢8.
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Project 3A025601A821, COMBAT SURGERY

Task 01, Combat Surgery
Work Unit 122, Experimental anesthesia

Investigators,
Principal: LTC James A. Meyer, MC
Associate: CPT Steven,R. Wyte, MC; CPT Duke Weeks, MC*; CPT Peter
Sellei, MC*; CPT Robert L. Hewitt, MC; CPT Victor S.
Gutierrez, MC; LTC Teruo Matsumoto, MC

Description,

1. Heart Monitor. A solid state device has been designed and con-
structed which will give medical personnel information concerning the
presence, rate and rhythm of FXG signals from seriously i1l patients.

A special circuit gives an alarm which immediately informs medical attend-
ants . when cardiac arrest occurs and also discriminates between stand-
still and ventricular fibrillation., (The equipment under develggment

is part of a combined effort with the Harry Diamond Laboratory,™")

2. Army Pulsatile Blood Pump. This pump which was developed by
the Walter Reed Army Institute of Research-Harry Diamond Laboratory
(WRAIR-HDL) Team has been evaluated and revised to better meet the needs
for field application in new techniques of assisted circulation. Current
in-house projects include: (A) Effects on blood ---a project to study
the effects of prolonged extracorporeal bypass on blood during a bypass
period and also for periods of up to one month following the bypass.
This study utilizing the Army pulsatile pump and dogs was performed
using a technique of left heart bypass. Another project (B) mvocardial
augmentation is to evaluate the ability of the Army pulsatile blood
pump to perform post-systolic myocardial augmentation and counter pulsa-
tion. Dogs are used and pressure changes, as well as carotid and coronary
blood flow,are measured during periods of augmentation timed electron-
ically and synchronized to the EKG.

3. Ventilator. A volume-cycled ventilator also capable of pressure
cyeling has been constructed using the principles of fluid amplification.
A piston driving a bellows is the basic mechanism while the control is
by fluidics thereby reducing the need for moving parts.

4. Membrane Oxygenator. A capillary membrane oxygenator is under
development which will be small, disposable and require a minimum of
“"getting up" work in the field. The unit will be pre-sterilized and
modular, so that two or more units may be used in parallel depending on
the size of the perfusion to be performed.

 E—
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Hospital Residents J. W. Joyce
C. Lanham

C. W. Ragsdale
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5. Oxygen toxicity in the guinea pig at normobaric pressure. A
model for the study of oxygen toxicity has been devised., Adult and
young guinea pigs were used, An LD5g was established for the groups.
Analysis and study for changes in the lung were performed including:
light and electron microscopy, succinic dehydrogenase levels, surfactant
presence and samples of blood for a coagulation profile were taken.

6. Pulmonary function in the severely ill patients. With the
severe trauma caused by the Vietnam conflict a large influx of seriously
111 patients 18 being treated for exterded periods of time in military
hospitals. There is evidence suggesting that prolonged bed rest in
these patients causes decided changes in red cell mass, plasma volume,
and pulmonary compliance and resistance., A study has been started to
study in detail pulmonary function, cardiac output, blood volume, and
extracellular space in patients that will require prolonged bed rest
and one or more major surgical procedures.

7. Cardiac arrest following succinylcholine. Several cases are
now known where severely wounded patients after multiple transfusions-
and wound sepsis have come to surgery again and had cardiac arrest
occur after the administration of succinylcholine., Preliminary studies
in humans show that a sudden rise in serum potassium appears after the
injection of succinylcholine. A study was performed to demonstrate this
rise -in potassium in dogs and then to elucidate the mechanism,

Progress.

1. Heart Monitor. Animals undergoing digitalis intoxication, pa-
tients undergoing cardiac surgery and FM tape recordings of abnormal EKG
patterns have all been used to develop and test the heart monitor proto-
type. After consultation with appropriate leaders in cardiology, thoracic
surgery, medicine and anesthesiology, it was decided to add high and low
rate limit indicators to the monitor for the final prototype. This
prototype is being assembled for field trials in Vietnam. Tests to date
indicate that this monitor will bridge the gap between periodic EKG trac-
ings and the fragile oscilloscope as it is used in intensive care and
surgical suite monitoring.

2. Army Pulsatile Blood Pump. (A) Effects on blood. Twenty six
dogs have been used. The first 14 were used to familiarize the team with
the technique of left heart bypass and use of the Army blood pump.
Serious difficulties in the technique of left heart bypass were en-
countered due to the discrepancy in size between the cannula used and
the size of the jugular vein in the available dogs. Twelve dogs were
placed successfully on left heart bypass using the Dennis-Jenning cannula
and the Army blood pump for periods of up to six hours. A colloid frce
prime was used in all cases and no blood was transfused during the bypass
or afterwards. After bypass the dogs were placed on a standard kennel
diet. The only medication they received was penicillin and strepto-
myc'n for 10 days after bypass. '
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Determinations of hemoglobin, hematocrit, platelet count,
serum bilirubin, serum hemoglobin, fibrinogen, total protein, albumin
and mechanical and osmotic fragility were done before, twice during
bypass, one hour after bypass, one day, one week, and one month after
bypass, All twelve dogs survived the one month period. Analyses of
the data obtained show that the animals undergo a dilutional effect on
all parameters at the start of bypass which is maintained during bypass.
One day after bypass the hemoglobin has dropped about 16 per cent and
the total protein and fibrinogen are still not up to pre-bypass levels.
At one weck post-bypass the hemoglobin is almost back to normal and
all other studies are normal. At one month post-bypass all parameters
are within normal limits,

(B) Myocardial augmentation. The Army pulsatile blood pump
has been shown to be capable of production of synchronized pulsation
in normal dogs relative to the animal's electrocardiogram. The pump
is initiated through an electrocardiogram signal in series with a Cordis
Electronic Programmer and a solenoid valve attached to the pump., A
monitor system designed by the Harry Diamond Laboratories filters ~ut
extraneous signals and relays only the desired EKG signal to the Cordis
Programmer,

The R wave of the electrocardiogram is used as the signal
and sufficient delay in delivery of the pulse is regulated through the
computer so that the pulse from the dog arrives in diastole and the
negative phase of the pump arrives in systole,

In normal dogs, with catheters placed in each femoral or
iliac artery connected in series with a common channel, which divides
into inflow and outflow routes for the pump, consistent changes have
been seen in post-systolic augmentation., Systolic blood pressure is
reduced, diastolic blood pressure is increased, and ventricular pressure
is reduced. Reduction in ventricular pressure averages 25 mm Hg.
Cardiac output remains unchanged as measured by a Beckman Cardio-
Densitometer,

Immediate other studies include measurement of coronary
blood flow and cartoid artery blood flow.

3. Ventilator. The volume-cycled ventilator was tested here at

Walter Reed Army Institute of Rcsearch as well as at the Downstate
Medical Center, New York, and the Rhode Island Hospital, Providence,
Rhode 1sland. A prototype is at present being cvaluated in Vietnam
by the Surgical Research Team (WRAIR). The initial reports have becen
good cexcept for the following points: (a) an excessive gas requirement
for powering the respirator; (b) a fairly large compression effect when
the machine is working against a scvere compliance-resistance load;
(c) calibration and air-oxygen mix not being accurate which is due to
(b). Becausc of these factors, work has been suspended on this unit.
A rc-orientation of the approach {s in progress including limitation
to one moving part.

- .“"‘
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4. Membrane Oxygenator. Testing with animal blood has continued
using modules of the capillary type. A change in personnel both medical
and engineering has slowed this project during this fiscal ycar. A new

+in vitro test circuit has been designed and constructed and current
regular testing has continued using horse blood. The permeanility to
oxygen of the tubing does not at present scem to be the limiting factor.
At present we are secking a new way to break up the boundary layer of
blood which seems to interfere with oxygenation. A mathematical approach
is now being sought to help predict the ultimate design criteria.

= A Rl ot i e

5. Oxygen Toxicity, A group of 500 gm guinea pigs has been ex-
posed for 44-48 hours in oxygen at one atmosphere absolute in order to
establish an LD5p. Those animals that died showed the classic pulmonary
morphologic changes of 0; toxicity, The living guinea pigs are sacri-
ficed at intervals of 1 day, 2 days, 1 week, 2 wecks, 1 month, and 3
months. Young 250 gm guinea pigs display a change in their coagulation
profiles. They are two times more resistant to 02 toxicity than the
more mature 500 gm guinea pigs. With serial sacrifice of the remaining
500 gm guinea pigs, there is a return of the lung towards normal func-
tion coordinated by light microscopy and pulmonary surfactant. The end
result after 3 months appears to be mild to moderate emphysema.

6. Pulmonary function in the severely ill patients. This project
has been underway for two months. In this time we have examined 14 pa-
tients prior to surgery. We have noted an increase in plasma volume in
relation to re? cell mass, a low normal arterial p0; in room air, a
slight t> moderate increase in physiologic dead space, and a mild to
moderate degree of left to right shunting.

7. Cardiac arrest following succinylcholine. An initial series
of dogs showed occasional rise in serum potassium with succinylcholine
administration after mallet trauma followed by varying periods of time.

It was determined that it would be necessary to add sepsis to
the mallet trauma insult. The traumatized area was then infected with
dirt from Vietnam. These dogs then showed a significant rise in serum
potassium after succinylcholine administration about two to thrce weeks
after the insult,

Summary and Conclusions.

1. A heart monitor is nearly rcady for ficld trjals which incor-
porates the following features: high and low rate limit indicators,
audible signal for cach QRS when desired, alarm for ventricular fib-
rillation, and alarm for cardiac arrest.

2. (A) Effects on blood. The effects of prolonged bypass op
blood trauma e being studicd using the Army blood pump. Datu: obtained
shov that up to six hours of bypass produces minimal damage to the
blood. This damage is «cll within the recupcrative powcrs of the
animal on his own. The experiments will be continucd adding determina-
tions of RBC survivals with Cr3l and extending perfusion for periods
ranging to scveral days.
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(B) Myocardial augmentation. The Army pulsatile blood pump
is capable of delivering & pulsc synchronous with the animal's electro-
cardiogram when used in series with a Diamond Monitor, Cordis Programmer
and solenoid valve,

Consistent changes include decrease in systolic blood
pressure, decreasc in ventricular pressure and increasc in diastolic
blood pressure and no change in cardiac output,

Early studies suggest increase in coronary blood flow
and no change in carotid blood flow but these studies are not complete.

3. A volume-cycled ventilator is being revised after successful
operation in Victnam to decreasc power requirements, dcad space, and
the number of moving parts.

4, A membrane oxygenator utilizing capillary tubing of silicene
rubber is being tested in an in vitro circuit. Mathematical analysis
is being carried out using test data to determine ideal design charac-
teristics.

5. Oxygen toxicity studies in guinca pigs show that immature
guinea pigs are more resistant to the toxic effects of 0, than adult
guinea pigs. Coagulation defects appear in the immature guinea pigs.

6. Pulmonary function in the severely ill patients, Cardio-
pulmonary studies in patients with moderate trauma have been done rrior
to repeat surgery. Several parameters have been found to be outside of
normal limits: (a) plasma volume, (b) arterial pOz, (c) increased phys-
iologic. dead space, and (d) left to right shunting.

7. Cardiac arrest following succinylcholine. Serum potassium
rises, which lcad to cardiac arrest in human casvalties following
succinylcholine administration, have been produced in a dog model.
These are secen about two to thrce wecks after mallet trauma of & limb
with sepsis induccd by implantation of Vietnamesce dirt.

Publications.

1. Meyer, J. A.: Electrical Razards in Medical Instrumentation,
Chapter Six. In: CLINICAL CARE. F. A. Davis Co., Philadelphia,
1967.

2. Ragsdale, C. W., Wright, E. A., and Mcyer, J. A.: An automatic
diagnostic cardiac monitor. Ann. Conf. on Eng. in Med. «nd Biol.,
13-16 November 1967, Procecdings, p.344.
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Project 3A025601A822, MILITARY INTERNAL MEDICINE
Task 01, Military Internal Medicine
Work Unit 120, Metabolic response to disease and injury

Investigators. )
COL Paul E. Teschan, MC; LTC Paul F. Gilliland, MC; CPT Paul S.

Rosenfeld, MC; CPT Elliot Danforth, MC; CPT Michael Dunn, MC;
Marcus Schaaf, M.D.; CPT Marvin Wool, MC; Marion H. Brooks, M.D.;
CPT Coy Fitch, MC; Joseph Bruton, Ph.D.; Lloyd Clayton; Billy G. Bass

Description,

A, Radioimmunoassay procedures for the peptide hormones (insulin
and growth hormone) and radioassay procedures (thyroxine and cortisol)
for non peptide hoimones were developed or are under development to
provide more sensitive, specific, and rapid methods of measuring hormones
of interest in biologic fluids in order to support research studies and
provide diagnostic information in patients with various endocrine diseases.

B. Previous studies have shown that a combination of estrogenic
-and progestational steroids usually produce abnormalities of carbohy-
drate metabolism manifested primarily by glucose intolerance. The
incidence of these steroid induced abnormalities of carbohydrate
metabolism, the mode of production of these abnormalities and the
susceptibility of humans with and without family histories of diabetes
mellitus have not been clearly defined.

C. The liver has long been known to play an important role in
energy metabolism and it has been postulated that hepatic extraction
cf varying amounts of insulin from portal vein blood is one of the
critical determinants of peripheral plasma insulin concentrations and
peripheral glucose utilization.

D. Hypertonic Glucose (7%) utilized in peritoneal dialysis commonly
elevates blood glucose 2 ~ 5 times basal concentrations. Dialysate and
plasma insulin concentrations were measured to gain insights into the well
known carbohydrate intolerance of uremia.

E. Insulin secretion is known to be stimulated by various apparently
unrelated compounds including glucose and some amino acids. It is not '
known whether these comprunds stimulate insulin secretion via a common
mechanisn or whether insulin secretion may be stimulated through several

different mechanisms.

F. Pseudomonas polysaccharide (Piromene) was evaluated as a test of
pituitary reserve.

G. The five hour glucose tolerance test as a measure of growth
hormone reserve is being evaluated.
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H, Studies of growth hormone in abnormal states of thyroid fumction.

I. The effect of altered thyroid function on hormone stimulated
lipolysis in vitro.,

J. An investigation of the interrelationships between magnesium
and calcium in the Mg. deficient monkey 18 under study.

K. Whole body counting of the naturally occurring isotope K40,
which comprises 0.019% of total body K, provides an excellent theoretical i
method for estimating tctal body K and lean body mass. The availability *
of a sensitive, relatively simple method, not requiring administration j
of radioactive isotopes would provide a tool of great value in studies
of human subjects with spontareous or induced abnormalities of potassium
metabolism.

i Progress.

- A. Insulin and Growth Hormone assays have been developed by
extensively modifying the charcoal method of Herbert. This has resulted
in assays with a lower level of sensitivity of 0.25 micro units/ml for
insulin and 0.5 mug/ml for growth hormone. Approximately 300 individual
assays can be performed per week by one technician. A modification of
the Patee-Murphy procedure for measurement of serum thyroxine has been
developed. Determinations of plasma cortisol by similar principles are
in the early developmental stages. -

B. The response of blood glucose, serum insulin, and plasma growth
to an oral glucose load and infusions of glucose and arginine has been
measured in female human volunteers prior to and following 3 months of
treatment with a combination estrogen-progestin preparation., It is
anticipated that this prospective study on 20 subjects will be completed
in Fall 1968.

f C. Preliminary studies in postoperative human subjects with T tubes
in the common bile duct have demonstrated that the radioimmunoassay pro-
cedure is capable of measuring biliary insulin concentration. This
technique may provide a simple, albeit, indirect method of quantifying
hepatic insulin extraction. Preliminary studies in dogs have demonstrated
the feasibility of determining pancreatic insulin secretion rates and
factors influencing hepatic insulin extraction.

D. During early dialysis periods employing hypertonic glucose, the
peritoncal clearance of insulin was relatively constant. During later
dialysis periods and after blood glucose concentration had become elevated,
peritoneal insulin clearance declined abruptly and at a time when the
peritoneal clearance of all other measured solutes had increased. This
abrupt decline in peritoneal insulin clearance was totally unexpected.

This phenomenon may be due to pancreatic secretion of "big insulin," as
i8 known to occur late in the course of an oval glucose tolerance test.
If the observed decreased peritoneal insulin clearance is indeed due to
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a predominance of "big insulin" in plasma, peritoneal dialytic techniques
may provide the first in vitro model for studies of hormone transport
mechanisms,

E. Studies in a patient prior to and following removal of a
pheochromacytoma demonstrated that glucose stimulated insulin secretion
is inhibited by elevated concentrations of plasma catecholamines but
arginine stimulated secretion was not inhibited., Studies before and
during epinephrine infusion in a normal subject gave similar results.,
These observations indicate that there are at least 2 different mech-
anisme governing insulin secretion. '

F. Pseudomonas polysaccharide has been administered to approximately
30 patients during the course of evaluation of anterior pituitary function. )
Serum growth hormone rise to ®iromenP was compared to insulin-induced .
hypoglycemia. Plasma cortisol response was compared with the response
to a standard metapyrone test. Preliminary results indicate that the
Piromen test alone gives as valid a measure of corticotropin and |
growth hormone reserve as the insulir and metapyrone tests together. :

G. Approximately 40 patients have been studied by means of a five

hour glucose tolerance test and at least one other standard test of

groyth hormone reserve (insulin-induced hypoglycemia, arginine, pseudomonas
- polysaccharide). The results indicate that the late rise in serum growth
hormone concentration following glucose administration correlates well
with the growth hormone response to other stimulatory agents. Determina-
tion of growth hormone levels during a glucose tolerance test provides

a test of growth hormone reserve which has the advantages of ease and
safety compared with standard tests presently in use,

H. Serum growth hormone levels during standard insulin tolerance
tests were measured in 10 patients with hyperthyroidism and 13 normals.
The results indicate that the growth hormone response to insulin-
induced hypoglycemia in thyrotoxicosis does not differ significantly
from normal.

I. Accurate and reproducible assay systemsfor free fatty acids
and glycerol have been established. It has been confirmed that adipose
tissue of thyroidectomized rats releases less FFA and glycerol when
incubated in vitro than does tissue taken from intact animals. Tissue
taken from thyroxine-treated rats has increased lipolytic activity.
When epinephrine is added to the incubation medium absolute lipolvtic
responses are greater in tissue from thyroxine-treated rats and less in
tissues of hypothyroid rats. However, the fractional increases induced
by epinephrine are the samc. '

J. A diet developed with the assistance of General Biochemicals, Inc.,
has been successful in producing Mg. depletion in monkeys without signifi-
cant veight loss. Studies with approximately 12 animals have shown that
hypomagnesemia ccn be consistently induced within 7 to 14 days. HNypocalcemia
is & predictable development after 3 or 4 weeks of Mg. depletion and this
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occurs despite a large amount of dietary calcium and low urine Ca.
Although hypocalcemia and hypomagnesemia occurred in ail animals, only
one monkey had convulsions and none of the other anirals showed gross
evidence of neuromuscular irritability. Sequential infusions of para-
thyroid hormone during control, depletion, and repletion periods did not
show reduced responsiveness of bone to the hormone., No changes have
been observed in serum phosphorus, potassium and a.pbumin. No changes
have occurred in erythrocyte, Na, K, and Ca concentration but erythro-
cyte Mg. falls slowly. Removal of the thyroid (the source of thyro-
calcitonin) does not affect the development of hynocalcenia.

K. Metabolic balance studies have been utilized in 2 patients to
determine if changes in potassium balance dete:table by external balance
techniques are correlated with changes in total body K estimates derived
from the whole body counting procedure. Whole body counting appears
sufficlently promising to warrant studies in additional human subjects.

Summary and Conclusions.

Summary and conclusions are listed at the end of each paragraph
in the Progress section.

Publications.

None
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Project 3A025601A822 MILITARY INTERNAL MEDICINE
Task 01, Military Internal Medicine

Work Unit 121,

Investigators,
Principal:
Associate:

Des cription,

The pathogenesis of cnteric discase is studied to elucidate the
mechanisms ‘by which enteric pathogens produce symptoms, By
understanding the disease process, improved procedures for prevention
and treatment of diarrheal diseases will become evident,

Prog_ress.

1. In previous studics we have described two kinds of dysentery
strains of reduced virulence, One is a natural mutant, incapable of
invading the bowel wall, and acts in experimental animals no differently
from E, coli,
reduced capacity to multiply in the intestinal mucosa, “Studies carried
out at the University of Maryland have demonstrated that an avirulent
mutant strain of S, flexneri 2a rcverts to the virulent form when fed in
high doses to volunteers, In an effort to make this mutant strain safe
for human beings, we have hybridized it with E, coli and selccted a
clonc which has incorporated the E, coli xylosc-—rhamnose region into
its genome. This new strain has been tested as an oral vaccine for its
ability to protect monkeys against expcrimental challenge., Two experi-
ments werce conducted in which 5 doses of vaccing, given at intervals of
3 to 4 days, were administercd. The pooled results of this study are
summarized in Table ], and they indicate that a significant degrce of

44.,v._wu,<.,<‘

Pathogenesis of enteric discase

Samuel B, Formal, PhD

Eugene H, LaBrec, PhD; CPT R, M, Maenza, MC;
CPT Thomas G, Lawrence, MC; COL Helmuth
Sprinz, MC

The other was hybridized with Hfr E. coli and has a

protcction was achieved, Two further tests with the same hybrid strain
were carricd out to determine if protection could be conferred by three
doses of vaccine fed at intervals of seven days., The pooled dat2 from
these experiments arc presented in Table 1 and offer evidence of good

protection.
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2, Because of the finding that an avirulent strain of S, gexnei‘i
2a reverted to the ability to penetrate epithelial cells and thus cause
disease when fed to man in relatively high doses, an investigation
was initiated to determine the locus on the shigella chromosome which
is responsible for epithelial cell penetration, Previously we had investi-
gated the ability of E, coli-Shigella hybrids to penetrate epithelial cells and |
cause disease, In this study we were only able to test recombinants
which had incorporated segments of E, coli chromosome covering
approximately 60 percent of the E. coli genome, and we found no
chromosomal region which controlled penetration., We were not able
to study the remaining 40 percent of the chromosome because of the lack .
of suitable markers between lactose and histidine (going clockwise on cod
the circular E, coli chromosome) in our naturally occurring Shigella
strains, A suitable marker would be galactose fermentation, but both
the E, coli donor and the recipient shigella strains are positive for this,
By treating a strain of S. flexnerj 2a with n-methyl-n-nitro-nitroso
guanidine we obtained a galactose negative mutant which still retained
the capacity to invade epithelial cells as measured by the guinea pig
keratoconjunctivitis test, This galactose-negative mutant Shigella strain
was used in hybridization experiments with Hfr E. coli strains to deter-
mine what portion of the E, coli chromosome which when incorporated
into the shigella genome renders the pathogen unable to penetrate epi-
thelial cells. In confirmation of our earlier work all hybrids contain-
ing segments of E, coli chromosome from lactose to histidine (counter
clockwise) remained virulent, Many lactose-positive recombinants lost
tueir S. flexneri type 2 specific antigen but their ability to cause kerato-
conjunctivitis was not noticeably affected, On the other hand, all hy-
brids which had incorporated the lactose - galactose region were, with-
out exception, avirulent, but also lacked the type-specific antigen.
Because of this loss of antigen, it is not likely that these recombinants
would be satisfactory vaccine strains, However, some hybrids which
retain their own lactose region and incorporate the E. coli galactose
region into their genome lose virulence, but still have the S. flexneri
type-specific antigen. Such strains may be of value. Since we have
localized the virulence factor in a relatively small area of the chromo-
some, it is likely.that we shall be able to effect the loss of virulence by
transferring the small piece of critical area using transduction techniques.
Thus, we should be able to retain the type antigen and cause virulence
loss in 100 percent of the clones. Such an approach is now under
investigation.
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3., Studies on encephalomyocarditis (EMC) virus infection of
mice have continued, The prescent work involved an atternpt to dis~
tinguish the immunity which follows oral infection with an avirulent
variant of EMC in the mouse from the immunity which follows the
parenteral administration of a formalin-killed vaccine prepared from
virulent EMC, Attention was directed at the fecal excretion of virus in
order to determinc whether local gut-associated immunity was im-
portant in preventing shedding after oral challenge with virulent virus,
An avirulent strain of EMC had been previously prepared in this labora-
tory and was continued by serial passage through mouse fibroblasts
growing in tissue culturc, A formalin-killed vaccine was prepared by
incubating virulent EMC (107-108 PFU/ml) at pH 7.1 - 7.4, 37 degrees
C., in BME-Hanks salts containing a 1:6000 dilution of formalin. The
inactivation was first-order, and complete killing (less than one PFU/
ml. ) was obtained by six days, Intracranial injection in weanling Balb/
C mice confirmed the inactivation, Three groups of mice were then
orally challenged, The first group consisted of animals which had been
immunized with formalinized vaccine in Freunds complete adjuvant.
The second group had been immunized with orally administered aviru-
lent virus. A third untreated group served as controls. Fecal speci-
mens were collected daily from day 1 to day 12, The results are pre-
sented in Table 2, As previously shown in this laboratory, oral im-
munization was effective, Ninety percent of the challenged mice sur-
vived, and only two of thirty-two survivors excreted virus. A single
injection of killed virus in adjuvant was used to see whether minimal
protection would be accompanied by fecal excretion in survivors. This
immunization was less effective than the oral vaccine in terms of sur-
vival, In spite of an apparently weaker immune response as measured
by survival oniy four of twenty-four survivors excreted virus, Two of
six surviving control animals excreted virus,

Mice were then passively immunized with rabbit hyperimmune
serum to study thc contribution of circulating antibody and to exclude
the immune response which might have been evoked in the gut by
parenterally administcred killed vaccine. Groups of 5 mice per group
were given 1.0 ml of serial ten-fold dilutions of rabbit anti-EMC
(1:25, 000 caused 50% reduction in plaques) which was shown by sucrose
gradient ultracentrifugation to be of the 7S class. In the first set of
experiments (Table 3) all animals receiving more than 1 X 103 ml of
rabbit antiserum survived oral challenge and pooled fecal samples
harbored no virus, Three of five receiving 1 X 10-4 ml died. In this
group, pooled fecal samples contained virus as indicated., To sce
whether virus excretion was restricted to dying mice, the experiment
was repeated and individual fecal samples were collected daily (Table 4).
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At serum doses of 1 X 10~-3 ml and 1 X 104 ml fecal virus excretion
occurred only in mice which subsequently died. It thus appeared in
this system that circulating antibody suffides to prevent significant
virus replication in the gut, and that a gut-associated local active
immune mechanism is not necessary to confer resistance, Studies
are in progress to evaluate early (19S) antibody in a similar way,
Preliminary studies have shown that it is feasible to determine anti-
body content in bowel washings and homogenates. We plan to compare
the coproantibody response in orally immunized and parenterally im-
munized mice, From the present data, it appears that viral shedding
via the intestine does not occur to a significant degree if an antibody
responsc is actively raised or if antibody is passively transferred,
providing overwhelming fatal infection does not ensue,

."

4, Experiments reported from this laboratory over the past few
years have shown that monkeys given live oral vaccincs preparcd from
avirulent or attenuated virulent hybrid strains of Shigella flexneri sero-
types were protccted against infection when challenged oraily with the
virulent parent strains, Howcver, parenteral immunizaticn procedures
with live or killed vaccines prepared from the virulent parent strains
failed to protect monkeys against subsequent oral challcnge with the
virulent strains. Serum antibody responses in orally or parentecrally
vaccinated groups as measured by the passive hemagglutination (HA)
technique failed to reflect the immune state of the animal, In fact,
the serum antibody titers of parenterally immunized monkeys were often
higher than those of orally immunized monkeys. Antibody titers of
fecal extracts (coporantibody) as measured by HA or bacterial agglutina-
tion were low or not detected.

Studies on the nature of thc antibody responsc in monkeys to oral
versus parenteral routes of immunization and its relationship to the

immune statc of the animal have been started. Groups of monkeys were
immunized with live S. flexneri 2a vaccines by either the oral or
parenteral route using several dose schedules. The monkeys were
sacrificed 5-7 days after the last dose. Intestinal content and sera
were collected at time of autopsy to deterinine the nature and character
of the antibody response. Specimens of intestine and lymphoid organs
were collected for routine histological procedures and other portions
frozen for analysis by fluorescent antibody (FA) procedures. The
"sandwich" technique was uscd to detcct antibody forming cclls con-
taining antibody specific for the immunizing antigen.
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Cryostat scctions of frozen tissuces {ixed in alcohol werc incubated
with a purified S. flexncri 2a lipopolysaccharide antigen, washed,
stainced with fluoresccin-labeled rabbit anti S, flexneri 2a antibody and
examined., Specifically fluorc cing cells with the appcarance of plasma
cclls or lymphocytic cells were identified as antibody producers, The
spccific fluorescence in the cells was seen as bright homogencous
fluorescence in the cell cytoplasm or as discrete droplet-like particles
of varying size, The data presented in Table 5 show : the distribution
of anti-Shigella antibody cells in the tissues of orally and parcnterally
immunizcd monkeys. Sections of stomach, jejunem, and terminal
ileum were grouped as small intestine; secctions of cecum and colon
as large intestine. If one of the scctions in the group showed significant
numbers of antibody cells the group was considcred positive. If the
tissue scection contained fewer than 3 scattered fluorescing cells it was
considercd negative, Thec data presented clearly show that the dis-
tribution of antibody forming cells is related to the rovte of immuniza-
tion, In the orally immunized monkeys the number of antibody forming
cells in the small intcstine was usually small and often associated with
thc lymphoid tissues, Many more antibody forming cells were found
in the large intestine. Here, most fluorescing antibody cells in the
lamina propria were found near the base of the glands very close to
the epithelial basement membranc. The spleens of monkeys given
oral vaccines werc usually negative. If the spleen was considered
positive, the number of fluorescing cells was usually small.

Antibody forming cells in the organs of monkeys receiving paren-
teral vaccine were scen almost exclusively in the lymphoid tissue
draining the site of injection and in the red pulp of the splecn. Signifi-
cant numbers of antibody cells were not secn in the specimens of the
intestinal tract, with thc exception of two monkeys in which Shigella
flexneri 2a was culturcd at autopsy and visualized in the tissues by
the FA technique,

Attempts to corroborate the FA findings using other methods were
not wholly successful. The Jerne plaque technique which werked well
in experiments with rabbits immmunized with Shigella antigens proved
erratic in these experimants with monkeys. In.most of the animals
tested the number of antibody forming cells appearing as plague form-
ing units in this test was usually only slightly above background. There-
fore, little credence was placed on the results, The rcason for our
failure has not been found.
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" The sera and fecal extracts collected from each animal werc
tested to determinc the nature of the antibody responsc, The sero-
logical activity was measured by hemagglutination of sheep red cells
coated with S, flcxneri 2a O-antigen, With few exceptions, all
animals exhibited a rise in titer following immunization. The other
evidence presented below indicates that the antibody activity in the
sera of these monleys belonged to the immunoglobulin M (IgM)
class of globulins,

a, All activity was found in the first peak when serum samples
were chromatographed on Sephadex G-200, This peak contains most
of the heavy globulins of IgM class, HA tests of individual fractions
eluted from the column showed all the activity in this fraction, The
presence of IgM globulins was confirmed by immunodiffusion analysis
using specific antisera to IgM,

b, The hernagglutinating activity was abolished if the servm
sample was treated with a mild reducing agent such as 2-mercaptocthanol
or Dithiothreitol, Immuncglobulin G class of antibody is resistant to
reduction by this method.

¢, In sucrose gradient ultracentrifugation cxperiments, the anti-
body activity was found in the most rapidly scdimenting fractions which
correspond to 195 or IgM globulins, The presence of IgM globulin was con-
firmed by immunodiffusion analysis,

In a few serum samples fractionated vy gel filtration on Sephadex
G-200, some individual fractions corresponding to the elution profile
for immu.oglobulin A gave positive HA titers, However the presence
of othe» globulins was not ruled out, In these experiments attempts
B R were also made to improve the methods of isolation of globulins from
F fecal extracts, The intestinal contents obtained at autopsy were pre-
cipitated with 2,1 M ammonium sulfate, washed, and dissolved in 1 ml
of water and dialyzed vs. saline. Hemagglutination tests were performed.
Most were negative. A few extracts reprcsenting samples with both
positive and negative hemagglutinating activity were selected for analy-
sis by the radioimmuno-clectrozhoretic technique. The purpose was
two-fold, to determinc the major classcs of globulin in the extracts
and to determine whether they possessed antibody. In preliminary
studics fecal extracts from animals which reccived cither oral or
parenteral vacciuus and also extracts from feces of norinal monkeys
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were electrophorescd in agar. Controls of normal monkey serum and
monkey serum known to conlain antibodies against 5. {lexneri 2a were
included, This was done to 1) show the positions of the various pre-
cipitated globulins and other proteins, 2) to check for nonspecific
combination of antigen and antibody, The precipitin arcs formed by
the immunoglobulin class2s were identified by using monospecific
antiglobulin scra, Rabbit anti-monkey scrum antibody was uscd to
detect the maximum number of proteins present in the fecal extract,
Immunoglobulins G and A were detected in most of the fccal extracts
studied irrespective of whether or not the animals had been immunized,
Immmunoglobulin M was detected in some samples, The presence or
absence of a particular globulin class in a fecal sample was not related
to the HA or bacterial agglutinin titers, To determine whether the
fecal globulins precipitated werc also antibodies against Shigella
flexneri 2a, the plates were washed of excess serum and then flooded
with CI4 labelcd S. flexncri 2a O-antigen, After suitable incubation
the excess antigen was removed by washing, the plates dried and x-ray
film used to detect the presence of radioactivity. In most cases there
was some degrec of nonspecific adsorption of C14 antigen to most of
the prccipitin arcs developed., Therefore, no definitive conclusions

as to the presence of antibody activity could be made, Attempts to
reducc nonspecific adsorption are in progress,

Summary and Conclusions:

1. A vaccinc strain has been preparcd by hybridizing avirulent
S. flexneri 2a with Hfr E. coli and sclecting clones which incorporated
the E, coli xylosc~-rhamnose region into the shigella genome. Three
oral doses of 5 X 1010 hybrid cells protect monkeys against experi-
mental oral infection,

2. Virulent S. flexneri 2a which ha& . incorporated the lactose~
galactose region of E, coli chromosome following recombination lacks
the ability to penetrate epithelizl cells and cause keratoconjunctivitis,

3. Enccphalomyocarditis virus shedding fromn the intestinal tract
of oraliy challenged raice following immunization by either the oral or
the parenteral route,

4. Groups of mnonkeys were immunized by cither the oral or
parentceral route using live S. flexneri 2a vaccines, Cells containing
spccific antibody against S, flexneri 2a antigen were detected in rela-
tively large nuwmbers in the lamina propria of the c:lon of animals re-
ceiving the oral vaccine, This was not obscrved in animals vaccinated
by thc parcnteral route,

170




Publications

1. Kent, T,H., Samucl B, Formal and E, H, LaBrcc.

Salmonella virulence testing. Arch. Path, 84: 300, 1967,

2. Formal, S.B., Macnza, R.M., Austin, S, and LaBrec, E, H.
Failure of parenteral vaccines to protect monkeys against experimental
shigellosis. Proc. Soc. Exp. Biol. Med. 125: 347, 1967,

3. Kent, T.H., Samuel B, Formal, E, H, LaBrec, H, Sprinz
and R, M, Maenza, Gastric shigellosis in rhesus menkeys. Amn, J,
Path, 51: 259, 1967,

4, Takeuchi, A,, Samuel B, Formal, and Hclmuth Sprinz.

Experimental acute colitis in the rhesus monkey following pcroral

infection with Shigella flexneri, Am, J. Path, 52: 529, 1968,

5. Maenza, R.M., D. W, Powell, G. R, Plotkin, T. H, Kent

and S. B, Formal. Experimental diarrhea: Salmonclla enterocolitis

in the rat. Clin. Res. 16: 288, 1968,
6. Powell, D, W., G. R. Plotkin, R, M. Maenza and S, B,
Formal. Experimentz]l diarrhea: Intestinal electrolyte and water

transport in rat Salmonella enterocolitis. Clin. Res. 16: 290, 1908.




‘9sOp sutddeA jsel 9yj 1933e shep O paxajstutwpe 28usrreyd
YL °sdep y 03 ¢ yo syeaxsjur Je P9J sem pue ‘si[ad 0101 X G JO PI3ISTSUOD 950P QUIDOBA yys

*dwouds 1105 *g oyj3 yo uorSex Ssowreyr-ssoTdx ayj pajerodaodur pey yosmya SIUBUIGUIOI DX

Sutidoeres pue (rouxery S JO UT®BI}S JUIMITA® UR YIIam 110D *7F 174 SBunew £q poredozd sem PIXIQAH

!

oo
n{
.

T0TIN *00TIN

9% /61 (1] 9% /¥ ¥OT ‘201N

T 12301 UWIMM CON  Y3mm ‘opN sasoQg

ITf T8I0, Y3tm *ON  Y3ila *ON

(RS O SERIGNUOVSE, DU

pa3usireyd [ejo ], Lxojussfp  eoyzzerp “_ poduaireud 1ej0], Axojuashp eayIxerp
i
|

dnoin .H.o.uuﬂoU dnoxn autooey JuUwddeA *ON  ‘oN ‘dxg

BZ TI2UXa¥ °S Jo ulex3s praqiy Butall e jo
S9SOp 9AIy 10 531Y3 19Y3Id PaF shauow ut pue sfaxuow 1023u02 Ut §83UTTY jo sultg

I 21qer




killed vaccine,

TABLE 2

Survival and virus excretion in mice immunized
with oral attenuated vaccine or with parenteral

Oral\/ Killed\3/ Control
attenuated virulent
strain virus
Survived Died Survived Died Survived Died
Total 32 3 24 12 7 12
Specimeus 32 2 24 11 6 8
obtained
Excretors\l/ 2 2 4 10 2 7

1 Single plaques were not scored,

2 Fed 1,0 cc containing 107 PFU attenuated EMC 2 weeks before challenge

3 0.2 cc of virulent EMC (A/107/cc) mixed 131 with complete Freunds adjuvant,

2 weeks before challenge
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TABLE 3

Virus content of pooled fecal specitnens from mice
given 1, 0 cc diluted rabbit antiscrum i, p.

Virus Excrctcdl

4 Day 1 2 3 4 5 6 7
Dilution Deaths
Serum?2
10~} 0/5 0 0 0 0 0 © 0
10-2 0/5 0 0 0 0 0 0 0
10-2, 5 0/5 ! o o o o 0o o
10-3 0/5 1 0 0 0 0 0 0
10-4 3/5 100 0 0 5 0 14 0
Control 3/5 1 1 4 8 0 1 0

] PFU/0.2 cc sample. Sample is supernatant of suspension
containing five fecal pellets in 2 cc BME~Hanks 5% fetal
bovine serum,

2 1 ml contains 25 X 103 50 percent plaque reduction units,
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TABLE 4

Survival and {eccal virus excretion in mice
receiving 1, 0 cc ailuted rabbit antiserum s, c.

e s o G e sl bt

"1 pil, Serum(! 10-2 10-3 104 Control

Survival Survived Died Survived Died Survived Died Survived Dic¢

e Total 5 0 3 2 4 1 0 5
Excretor 0 - 0 1 0 1 - 5

(1) 4 x 10-3 ml. of antiserum caused 50 per cent plaque reduction using 100 PFU,
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Description,

The purpose of these studies is to investigale the genetic charac-
teristics of the metabolic and antigenic changes occurring in the enteric
bacteria as a consequence of genetic recombination, episomic trans{cr and ]
transduction.

1. Chromosomal transfcr has been observed hetween Escherichia coli
donor cells and Proleus mirahilig recipient cells. Protcus hybrids have
been constructed which contain Escherichia coli characters. Analysis of
these hybrids by genetic and physical chemical methods has correlated the
presence of a number of Escherichia coli genes with the total amount of
Escherichia coli DNA added to the Proteus cells during conjugation. One
of these Proteus hybrids contains as much as 30% Escherichia coli DNA and
has several Escherichia coli fermentation propertics and is sensitive to
certain Eschcrichia bacteriophages, and has some Escherichia coli surface
antigens.,

2. Salmoneclla hybrid strains have been found to be able to repress
the multiplication of colirhage Lambda (A).

3. It was possible to cotransduce the his and O-antigen 2 gencs to
both Salmonclla typhimurium and Salmonclla typhosa. Salmonella typhi-
murium transductants which received somatic antigen 2 concurrently lest
O-antigen 4, and Salmenella typhosa transductants reccivirg O-antigen 2,
lost their native O-antigen 9. These results indicate that the gonetic
determinants of O-antigens 2, 4, and © occupy the same O locus in Salmon-
ella paratyrhi A, Salmonella iyphimurium, and Salmonella iyvphosa, resvoc-
tively, and are probably allelic.

4. A study of soveral naturally occurring Salmonclla lac' episomes
isolated from clinical sourccs has revealed that they have sex factor
propertics. It is concluded from genetic studies, that some of thesc
sex factors intcract with the bacterial chromosome, and behave as does
the prototypc F fector of Escherichia celi.
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Progress.

1. Chromosomal Transfer from Escherichia coli {o Proteug., Previous
studies in this laboratory have cmployed conjugation to promote genetic
exchange between Escherichia coli K-12 donor strains and rceipicent bac-
teria classified in various gencra composing the Enterobactercaceae.

Intergoneric hybridizations have been achieved by the conjugal trans-
fer of small episomic elements, such as the F-lac merogenote, and mul-
tiple drug resistance factors. Such elements have been transmitted among
Escherichia, Salmonella and Shigella, all of which have the same average
guanine plus cytosine DNA base composition of 503, Furthcrmore, these
extrachromosomal elements have been transferred to genera whosc DNA base
composition differs significantly from that of E. coli, namely Serratia
(58% GC) and Proteus species (39% GC)., The promiscuity of episomes is
further illustrated by the transfer of the F-lac episome of E, coli K-12
across family lines to Vibrio comma. In contrast to episomecs, the trans-
fer of chromosome from E. coli K-12 Hfr donors to different recipicnt
genera has not been studied as broadly, Although recipient strains of
Salmonella typhosa, Salmonella typhimurium and Shigella specics have been
hybridized with E. coli Hfr strains, such intergeneric hybridizations
occur usuully at lower frequencies than that found with E, coli recipients.
Moreover, in the case of Salmonella, the hybrids very frequently behave
as unstable partial diploids, preswnably due to the differsances in DidA
homology between E. coli and Salmonella specics. Hecently it has becen
poesible to transfer parts of thc chromosome from E. coii to Proteus
strains by conjugation. The Proteus hybrids that are formed are partial
diploids which contain a complete Proteus chromosomz and segments of the
E. coli genome. The Proteus diploids may lose the E. coli chromoscmal
segment and revert to the original Proteus genotype.

We will describe the method and the strairs uscd in the formation
of these Proteus diploids. Threec streptomycin sensitive, Hfr derivatives
of E. coli K-12, which differ in their polarity of chromosome transfer,
were used as donor strains. W1895 donates as an early marker the laclose
(lac) genes, followed by the proline {pro) and arabinosc (ara) chromoso-
mal loci with galactose (gal) as the terminal marker. Hfr H has a dif-
ferent polarity of transfer, the gone order of trunsfer boing ara-pro-
lac-gal. Strain P4X6 has the same polarity as W1893, an early marker
being pro, followcd by era and finally lac as terminal marker. The DA
base composition of these strains is 50% GC, typical of E. coli. As the
recipient, we employed a streptomycin resistant, non-swarming Proleus
pirabilis strain, Widl. It has a 397 GC base composition and is unable
to utilize luctose, arabirose or galactosze as a carlon source.

By mcans of plate matings using either Y1895 < kfr H donors and
WR1l as a recipient, we have recovered lac* Protous hybrids at very low
frequencies, about one lac* hybrid per 5 X 107 Hfr males. The Proteus
hybrids do not show any differcnces {rom the original Profsour in cell
size, colonial morpholopy, or growth rate, bul can bLe casily distinguished
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Main Band Satellite Band
Strain Characteristics GC Content G Content Amount
i - - -2
WR 11 La¢™ Froicus parent 397 — nd
WR 13 Lac* hybrid " 507 6
lact Ara' hybrid " 507 o
¥R 16 Lac' Ara” scgregant n 50 (5
lac™ Ara” =negregant " - nd
Laz’ Gal* hybrid .. 507 167
WR 17 Lact Gsl™ segrogant " 507 A
Lac™ Gal™ gegregant " - nd
Wi 18 Lac' Ara' Gal' hyurid " 50 267
- — =- —
ex Vercanl of tolal WA cxiraaticd
hone dotsstcd e
s e -

from the original Proicug on selective media becauss of the acquired
fermentation ability, Table I summarizes the chavacteristics of threc
such hybrids.,

A1l the hybrids were unstable for the lac* claracter, continuously
scgregating lac” typos on repeated platings., They were agglutinated by
anti-Protcus serum, were urcase positive, and showed strong sensitivity
to a virulent Protcus mirabilis phage. No evidence of male propertics,
i.e, F-pili, male phage sensitivity and lac® donor ability, could be
detected in these hybrids, as compared to a Proicus harboring a known
F-lac merogerote which expressed thesc properties (Strain Pi-1 F-lac),

We therefore concluded that the lact Proteus nybrids are unstuble hetero-
zygous partial diploids containing a lac K-12 chromusomnal scgment unas-

sociated with a functional F-factor.

Physicochemical examination of Yybrid DNA provided further evidence
for the hybrid nature of these cloncs., DNA was extiracted from hybrids
by the Marmur mcthod and centrifuped to equilibrium in a CsCl dengity
gradient., The resulte of such an analysis on hybrid WR13 indicate that
in addition to the main band, having a density equivalent to the Proteous
parental INA, therc is a satellive DNA band at a density of 1.710, which
corresponds to the density of E. coli DA, Ve consider this satellite
component — about 63 of the total LUA extracted — to be the lac* dip-
loid segment,

Aitempts te recover avabinose positive diploids from crosses of
E. coli Hfr doners with P, mirabilis have been unsuccessfud. In contrast,
if a Protcus lact diploid is used a: a rccipient in backcrosses with
either of the Hfr donors, both arabinose and galaclosc positive hybrids
have becen isolated, the froquency beoing about 10-50-fold greater than
that observed for the initial lac' hybridization., The following table
sumnarizes the results of CsCl density gradieni analysis of thrce hybrids
and their segregants.

TABLE 2., AMOUNT OF DHA IN THE SATELLITE BAND OF PRQTVFUS HYRRIDS
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WR16, a lact arg® diploid has a satellite band of aboul 20 of the
totel extracted DA, WRL7, a lac* gg_f diploid and WR18 a lact ara® gal*
diploid show satellite tande of 1€ and 26 respectively. An analysis of
uegrugantg of these diploids cnabled us to estimate the size of the arat
and galt scgm@ntg added during backceross matings. By subtracling the 6
satellite of ]ﬂc ara” and lact pal” segreganls from the percent satellite
DiA in lac™ ara? and lac’ gal® hybride, values of 147 for the ara segment
and 107 for the gal segment have been estimated.

The amount of satellite DNA associated with these fermentation pro-
pertics ig more than that neceded to code for the enzymes involved in
carbohydrate utilization and suggests that other non-selected E. coli
markers may have been inherited along with the selected genes. Ve are
now trying to determine in detail how many of the E. coll gencs are trans-
ferred and functioning in the Proteug diploids,

With the diploid straing that we have available at the present time,
it has been feasible to examine as unsclected markers the inheritance of
E. coli type I pili genes, which map near the arabinose locus, and the
inheriteance of the receptor for coliphage Tl which maps between the ara-
binose and lactose loci, These results are presented in Table 3.

TABLE 3, INHERITANCE Or NON-SELiCITED MARKERS IN
IAC* - ARA* PROTEUS HYBRIDS

HYBRID E. COLI TYPE I(a) COLIPHAGE Tl(b)
TYPE NO, TESTED PILI RECEPTOR
+ 4 -
LAC" ARA 21 20 18
(P4X6 X WR13)
+ + ’
.I_‘AL_Q. ﬁp_é 24 14 . _ 18
(MFR H X WR13) :
+ +
LAC ARA 2, 5 22

{(W1895 X Wal3)

(a) AGGLUTINATION TEST; ANTISERUM VS PURIFIED E. COLL TYFR I PILI
(b) TESTED BY SPOT TFEST, FOR EVIDEICE OF THINHING

A number of lact ara® hyb“idr derived frem matings with P4X6, Hfr H
and W1895 donors and the lgg WR13 recipient were examined, The presence
of E. coli type 1 pili was scored by slide agglutination tests employing
antiserum prepared against purified L. coli type T pili. As expected, a
high proportion of thc cloncs had inherited this marker. The presence
of coliphage T1 receptor was scorcd by spotiing a high multiplicity of Tl
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phage on faint lawns of the clones. After about four hours of incubution,
clones possessing the T1 receptor were lysed, presumably a lysis from
without type of phenomenon. Although we have been unable to plaque T1 on
such hybrids, the validity of this test is supported by adsorption experi-
ments and experiments showing inhibiticn of growth by high input ratios
of phage Tl. We ave currently examining other coliphages for their
behavior on hybrids in an effort to demonstrate other non-selected E. coli
genes,

After studying the various Proteus diploids, the consistent pattern
has emerged that the more E. coli genes that a Proteus diploid carries,
the larger the satellite DNA band. This provides a method for the direct
measurement of chromoscmal segments of diploids that has not been possible
before, The only difficulty has been in establishing methods to demon-
strate the expression of some E. coli genes in Proteus diploids. Some
progress has been made in methods of determination which E. coli genses
have been transferred to the Proteus diploids. At the present time, car-
bohydrate genes can be easily detected, The E. coli surface antigen,
type I pili, and also susceptibility to E. coli phages has been shown to
be transferred to some Proteus diploids.

2. Repression of Coliphage )\ by a Native Salmonella Repressor.
Bacteriophage )\ has been studied in great detail since its discovery in
1951 as a lysogenic phage in Escherichia coli K-12. These experiments
have been limited to K-12 and a few other strains of E, coli. In the
past few years, we have been interested in extending the A system to
Salmonella species. This approach was made possible by crossing appro-
priate recipient strains of Salmonella typhosa or Salmonella typhimurium
with E. coli K-12 Hfr donors.

By selection for a distal marker of the donor sirain, Hfr Cavalli,
diploid hybrids can be obtained which possess approximately 30% of the
E, coli chromosome., Such diploid Salmonella hybrids encompass the A
receptor site locus thus allowing for adsorption of the phage. In gen-
eral, the Salmonella hybrids remain unstable and various types of segre-
gants can be isolated frcm them. The diploid colonies are characteris-
tically smaller in size and more dense in appearance than are the segre-
gant colonies. The larger segregant colonies closely resemble the Salmon-
ella parent in colonial appearance. While some segregant types appear to
have stably integrated portions of the E. coli chromosome, others seem to
have lost various segments of the original diploid region.

The original diploid Salmonella strain and a series of segregant
types possessing different regions of ths X-12 genome ware examined.
7ll of the strains listed are able to adsorb A, but none of the strains
were able to plaque the phage or produce infectious centers even at ex-
ceedingly high multiplicities of infection. In addition, the transfer
of ) prophage from E. coli donors to such Salmonella hylLrids does not
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result in zygot! . induction in the recipients, Furthermore, examination
of a large munber of gal® Salmonclla recombinants from crosses with A

lysogenic K-12 donors showed that none of thesc recombinants had become
lysogenic for A.

The possibility of restriction of the A phage was congidercd an
explanation for these observations. Experiments were performed to test
the restriction hypothesis using as experimental controls, B, coli K-12
and E, coli B mal’ a strain knowm to restrict A DMA. Two Salmonella
hybrids, one with and thc other without the E., coli mm locus, were tested
at the same time. No appreciable degradation of Cr° labellcd A DNA was
observed with either of these Salmonclla hybrids, wvhercas typical resulte
are obtained with the E, coli K-12 and B strains. These experiments have
led us to conclude that restriction as defined by DiA degradation was
not involved in the inability of X to produce plagues on these Salmonella
hybrids,

Although plaques are not produced, the gal genes can be transduced
to Salmonella hybrids containing the rm locus of E. coli. HFT lysates
of the thermo-inducible mutant, A, obtained by heat induction of E., coli
K-12 heterogenotes produce gal transduclants of A dg in the Salmonella
hybrid. These ), dg transductants fail to be induced wnder temperature
conditions causing induction and lysis of Agiin K~12. At present, we
interpret the above data as indicating that Salmonella species have a
repressor substance vhich acts to prevent the multiplication of A either
after infection, zygotic induction, or lysogenic induction.

By plating high-titered lysates of wild-type X, A vir, and A143% on
the Salmonella hybrids, we have becn able to icolate mutants which have
apparently overcome the Salmonella repressor. These mutant phages plate
with equal efficiency on both E. coli and the Salmonclla hybrid regard-
less of the host on which they were previously grown. The appsarance of
the mutant plaques, however, is considerably different on the two hosts.
The mutant phages produce clear plaques on E, coli which are typical in
appearance to the usual ¢ mutants previously described in A. VWhen plated
on the Salmonella hybrid hosis, the mutant plaques formed are clear but
considerably smaller than on K-12, The X\ mutani phages plate equally
well on Salmonella hybrids whether or not they possess the E. ccli rm
locus,

We have attempted to isolate mutants of the Salmonella hybrid defec-

tive in repressor which would permit the production of plaques by wild-
type A and its derivatives. The Salmonella hybrid strain was subjected
to the mutagen methyl-nitro-nitroso guanidine and the treated colonies

were screcned by plating 500 p.f.u. of A yir on them. Out of approximately
300 colonies examined to date, three mutants were detected on which plaques

werc produced, Wild-type A and A1*3% lysates werc tented on these mutant

strairs., None of the three mulants plating A\ vir werc susceptible to wild-

type X, while cnly one of the mutants was susceptible to A1%3% in addi-
tion to A vir. We interpret thesce results as indicating that the mutants
are now unable to repress A vir, and in the case of mutant #40, A1¢%% as
well, but are still able to repress wild-type A.

1.8
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3. Somatic Antigen 2 Inherituncc in Salmonells Groups B and D. We
have shown previougly that the genes which determine Salmon:lla somatlic
(0) antigens 4 (Group B) and 9 (Group D) are mutually replaceable in
genetic transfer experimenis betwcen Group B and Group D Salmonella. In
other words, these genes behave as alleles of the same chromosomal locus.
This 0-locus is closely linked to the chromosomal determinant of histi-
dine biosynthesis (hggg, and is cotransducible with his (by phage P22)
in both S. typhimurium and S. typhosa. In the present study, transduc-
tion and conjugation experiments were employed to examine the genetic
basis of O-antigen 2 of 8. pavatyphi A, a rcpresentative of Salmonella
Group A, The results of these experiments indicated that the genes de-
termining O-antigens 2 of S. paratyphi A, 4 of S. typhimurium, and 9 of
S. typhosa occupy the same O-locus in their respective species and are
probably allelic.

An S, paratyphi A donor strain was obtained by mating an S. paratyphi
A var, durazzo recipient strain (WR7000) with the S. typhosa Hfr strain
WR4000, and selecting those S. paratyphi A hybrids which inherited the
terminal lac* marker of WR4000. One such hybrid, which had inherited
also the closely linked sex factor, F, of WR4000 and now behaved as an
Hfr donor, was selected for further use, It was designated WR4002.

L The S. paratyphi A Hfr strain WR4002 was mated with the S, typhi-
4o murium recipient strain WR5000 and selection was made for those WR5000

B IR hybrids which inherited the hig"' marker of WR4002. Serological examina-
tion of 100 such hybrids revealed that 70 of these egglutinated in single
factor 2 antiserum and displayed no reaction in Group B (factors 4, 5, 12)
antiserum, having lost their native O-antigen 4. The remaining 30 gave
positive reactions in Group B O-antiserum and did not react with factor
2 antiserum., As was the case in our previous Group B X Group D crosses,
no intermediate types expressing both or neither of the antigens were

] detected. These findings are consistent with the view that the genetic
R determinants of O-antigens 2 and 4 (as well as 9) occupy the same chro-

) mosomal locus in their respective Salmonella species and are probably
allelic,

PR

Phage P22 was grown on an S. typhimurium WR5000 his* hybrid which
had received the 0-2 determinant from WR4002, and the resulting lysate
was employed to transduce the his' marker to S. typhimurium WR5000, Of
100 hig" transductants tested, 14 had acquired O-antigen 2 and concurrently
lost O-antigen 4. It was observed that all hybrids which lost antigen 4
lost O-antigen 5 as well. Since we have shown previously that the genetic
determinant of O-antigen 5, although located near his, is not cotrans-
ducible with this marker, it is inferred that the loss of antigen 5 is
caused by the loss of antigen 4, and does not involve, in this instance,
the replacement of thc S. typhimurium 0-5 gene. This dependency of
O-antigen 5 expression on the presence of O-antigen 4 has been obscrved
previously in this laboratory, as well as by Makela, in crosses involving
Group B and Group D Salmonella.
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The samc P22 lysate of the his*, O-antigen 2 containing hybrid of
WR5000 was uscd also to transduce the hig™ marker to the S. typhosa strain
WR4205, Of the 72 his* transductents examined, eight had acquired
O-antigen 2 and, as expccted, lost their native O-anligen 9. As was the
case with the S, typhimmrium conjugation and trancduction hybrids, no
recombinants were detected which displayed both or neither of the anti-
gens in question, The findings again indicate that the genetic deter-~
minants of O-antigens 2, 4, and 9 are probably alleles of the same O-locus
in 8. paratyphi A, S. typhlm* jun, and 5. typhosa, respectively.

4. Lact Elemcnis of Salmonella., Preliminary characterization of
several lactose positive (lac’) strains of Salmonella has been previously
reported, These strains were isolated from hospital and other natural
sources by Dr, W, H, Ewing of the Cemmunicable Discage Center at Atlanta,
Georgia, These lac’ Salmonella sirains have been shown to contain trans-
missible genetic elements and studies were undertaken to compare these
elements isolated from a wide variety of sources to the classic FP-lac
episome of E, coli. If these elements arc similar to the F-lac of E. coli,
it mecans that these infecticus genetic elements occur in at least one
other specics of bacteria and have a wide geographic distribution.,

These Salmonella lact genetic elements are transferred to E. coli
at high frequencies and have alsc been transferred to Proteus strains.
In Protecus it has been possible to characterize the physical-chemical
propertics of the DNA associated with the episomes, In a general way
these properties of the Salmonella genctic elements are similar to the
F-lac episome of E. coli.

These strains have becen examined for other episomic properties.
One of the Salmonella genetic elements, lac® 32, has been shown to pro-
mote the transfer of chromosomal markers from one strain to another at
low frequency. Even though the frequency is low, it is significant
that chromosomal transfer occurs at all and indicates additional simi-
larity to F-lac.

Another property of F-lac is associated with the surface antigens
of the I pili and this has nct been demenstrated to be present in these
Salmonclla genctic elements, Cells with F-lac episomss have F pili on
the surface which can ve dftccted by ihe adsorptwon of F-specific phages.,
Tests of the Salmonclla lac* genetic elements in both E. coli and Sal-
monella strains with the P-specific phages indicat~ that the phages did
not adsorb to these cells. This shows some difference between the sur-
face antigen of these genstic elcments and the F-lac episome,

Genetic elements are sometimes associated with colicin production
and the Salmonella strains with the lac™ genetic elements wers examined
for their ability to produce colicins. The lact Salmoncile strains were
spotted on colicin scnsitive cslls. 1f these cclis produccd a colicin,
then zones of lysis would be expected; but none were observed., Thus,
these lact genctic clements of Salmonella do not carry gencs for colicin
production.
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Acridine orange is a proflavine dye, which will selectively eliminate
or "cure" non-chromosomal DA material in sensilive strains, Lag" ecle-
ments of E, coli are known to have a higher sensitivily to acridine orange
than elements of Salmonella or Proteus. The lact 32 clement was iherefore
transferred by conjugation to E, coli 200-U lac™. The resulting 200-U
lact 32 was then compared with 200-Ui F-lac for elimination of the lac®
element or "curing." The results showed that from increasing concentra-
tions of 5, 10, 15, and 20 ug/ml of acridine orange, 200-U F-lac ranged
from 4% to 907 curing, However, 200-U lact 32 was not cured at similar
concentrations and higher, Thus, while there seems to be some basic simi-
larities between the lact Salmonella genetic elements and the F-lac epi-
somes of E., coli; the evidence also indicates that there are many dif-
ferences and cast doubt on the hypothesis of the identical origin of
these genetic elements and the F-lac episome.

Summary and Conclusgions.

1. After mating Proteug mirabilis with Escherichie coli K-12 Lfr
donors, P. mirabilis lac* hybrids were recovered at low frequency. These
hybrids behave as unstable partial diploids. When a P, mirabilis lac*
hybrid is used as a recipient in backcrosses with E, coli Hfr donors,
transfer of the ara* chromosomal marker was detected, whereas ara® hybrids
have not been observed in crosses with the original P. mirabilis reci-
plent. Genetic analysis of unselected markers in such P, mirabilis lact
arat diploids revealed the presence of E. coli genes for type I pili and
the receptor site for phage Tl, suggesting that the diploid segment can
consist of the lac* through pil* chromosomal region. Physical examina-
tion of the deoxyribonucleic acid (DNA) from such hybrids by CsCl density-

radient centrifugation showed a large satellite band of E. coli DNA
?50% guanine plus cytosine) in addition to the Proteus parental DHA com-
ponent (39% guanine plus cytosine). The size of the satellite DNA band
was correlated with the size of the chromosomal segment transferred to

the Proteus diploids.,

2. Coliphage \ is adsorbed by Salmonella hybrids possessing the
A reccptor site locus obtained by recombination with Escherichia coli
K-12. The formation of plaques or infectious centers, howcver, docs not
occur vhen A is plated on these hybrids. In addition, the transfer of
prophage A from E, coli donors to Salmoneclla recipients does not result
in sygetic induction of the recipient. Thcse observations cannot be
explained Ly rcstriction of X because the DNA of the phage is not de-
graded by the Salmonella host. It appears therefore that Salmoncllia
species heve a reprecsor substance which prevents multiplication or zygol-
ic induction of A. Induction of Adg in Salmonella hybrid trancsductants
also is represscd regardless of the inducing agents uscd or the thermo-
inducibility of the phage., Mutants of A which have overcome this native
Salmonella repressor were isoiatued by plating high titered lysatc: on
the Salmon¢lla hybrid. These mutant phuges plate with equal cfficicncy
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on both I, coli and the Salmonella hybrid without regard to the host on
which thcy werc previously grown. Repressor mutants of the Sglmonzlla

hybrid also have been isolated on which devivatives of wild-typs A arc
now able to prcduce plaques,

3. Somatic (0) antigen 2 of Szlmonclla paratyphi A replaced somalic
antigen /4 of an S, tyvphinurium rceipicnt as the consequence of mating
with an S, paratyphi A var. durazzo Hfr strain, The genelic delerminants
of these O-antigens bchaved in lhis cross as alleles of a common O-locus,
wvhich is linked to the dcterminant of histidine biosynthesis, his. By
employing phage lysates obtained by growing P22 on an S, typhimurium
hybrid which had reccived his and O-antigen 2 genes from the §., paratyphi
A Hf{r, it was possible to cotransduce the his and O-antigen 2 determin-
ants to both S, typhimurium and S. typlosa., S. typhimurium transductants
which received O-antigen 2 concurrently lost O-antigen 4, and S. tychosa
transductants receiving O-antigen 2 lost their native O-antigen 9.

These results indicaled that the genes delermining O-antigens 2, 4, and
9 occupy the same O-locus in S. paratyvphi A, S. typhimurium and S. typhosa,
respectively, and arc probably allelic,

4. Lactose (lac’) feruenting Salmonella strains were isolated from
hospital patients and other sources, These strains have lact genetlic
elements that have been transmitted at high frequencies to E. coli and
to Proteus strains. In Protcus these genctic elomenls show satellite
DNA bands and it is possible to measure the amouni of DIA associated
with each of thc genetic elements, While there are similarities teo the
F-lac episome of E. coli, these Salionella genetic clewsnis have differ-
ences in acridine orange sensitivity and susceptibility tc F-specific
phages. Whlle some chromosomal transfer is pronoted by these genetic
elenents, the frequency of transfer is much lower than that initiated
by F-lac integration into the chromosome. Thus, these genetic elements
of Salmonella are similar, but not identical to the F-lac cpisome of
E. coli.
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Project 3A025601A822, MILITARY INTERNAL MEDICIRD
Task 01 - Military Internal Medicine
Work Unit 123, Histopathologic Manifestations of Diarrheal Discase

Investigators,

Principal: COL Helwuth Sprinz, MC

Associate: CPT Ronald M, Macnza, MC
CPT Earl J. Kasdon, MC
Helen R, Jervis, D, Sc.
Akio Takeuchi, M. D.
Thomas G. Merrill, Pu. D,
Paul A. Shurin, 1T, PHS, part-time

1. Description,
L In accordance with the basic orientation of the deparument,

collaborative &nd independent studies of the pathogenesis and the
evolution c¢f morphologic lesions of vavious forms of enteritis were
continued ovr started. Joint projects with the Departments of Applied
Immunology, Gastroeutercology, and Radiation Biology were successfully
completed and new ones are being pursued.

ﬁ L Progrese,

1. Dx. Marrill completed our work on the acute effects of a non-
lethal dose of staphylococcal enterotoxin on the mucousa of the gastro-
intestinal tract. The resulis were publisheod in a series of 3 papers,
the last in Laboratory Investigation (see Bibliography); the precediry
2 papers appecared in the American Journal of Pathology, Yolume 48, 19066.
The work was also presented at a staff conference at Fort Detrick. No
further studies in this areca are being performed by our group.

SRR S

2. The work on expervimentzl shigellosis has received international
recognition and is now being cited even by Russian and Japanese Investi-
gators who fn thc past have been sceplical towards us as neucomers to
the field. Dr. Takeuchi was invited to address the 46th Congress of
the Japancsce Microbiological Socicty in Tokyo and to nresent the data of
the WRAIR tcam, in particular his own optical and clectironmicroscopic
: studies on the pathology of shigellosis., He was alse invited to lecturc
5 at the Keio University School of Medicine in Tokye (his slma mater), at
! the Jikef University School of Medicine, Tokyo, at the Institute of

Tropical Medicine, Nagasaki University, Nagasaki, at the Aichi Cancer
Fa Center, Nagoya, and at the Rat ' »n:.] Tusiitutes of Health in Tokyo. His
scientific exhibit ,“Patterns of Invasion of the Iatestinal Mucosa by
Various Microorganisms™, was first shown at the 1968 Spring Mectings of
. the Amcricen Asscciation of Pathologists and Bacteriologists and Intcr-
national Academy of Pathology and was very well rcccived.




3. There cxists a great nead for an in vitro model to study the
pencetration of the intestinal mucesal baxrier by enteric microorganisms,
So far all investigations performed in this arca, the study of virulence
of enteric bacteria, must uviilize intact, live animals, The usc of
whole animals introduces namy complex factors which influence and modify
the host-parasite relationships. Since the demonstration of the dramatic
role of the intestinal birush border in bezeterial invasion by our group,
especially by Dr. Takeuchi, we attempted over the past 3 years to
reproduce this phenomenon in vitre, utilizing a brush border preparation,
CPIL Kasdon thoroughly investigated this subject, unfortunately with a
negative result, Brush border preparations which fulfill presently known
criteria for 1) morpholegic integrity of their plasma membranes, as
determined by the electren microscepe, and 2) fer functional integrity as
determined by measurements of their disaccharidase activity, do not
interact with bacteria, contrary to our hopes and sone evidence
previously obtained. It is still unknown which foctors prescut in vivo
are respensible for our failure. This expericice has focusced our
attention on a key problem of enteric irfections: the nature of virulence
and its morphologic expression in a host parasite system,

4, A rclated project deals with the impact of bacterial invasion on
intestinal epithelial enzymes. In last year's report the hope was
expressced that Gomori acid phesphatase mathods could be adapted for our
purposcs., Unfortunctely, so far we have becn unsuccessful due to the
vagaries of tracer methodology. However, we have pinpointed the scurces
of our failure. We now foresce the possibility that lysosomal enzymes
can be demonstrated by high resolution autoradiography utilizing unfixed,
unembedded, freeze-dried tissuns, sectioned in a special eryostat., We
are prescntly engaged in adopting this nethod for our laboratory.

5. Salmonclla typhirnurium enteritis. Work on this important
experimental model was continucd with the help of 2 associates. CPT Maenza
completed studics on the anatomical aspects and left a manuscript entitled,

“Experimental Diarrhea: Salmonclla Enterocolitis in the Rat."  He described

the clinical course and morphologic characteristics of the enteritis and
attempted to corrclate anatomic with physiologic alterations. LT Shurin
completed his studics on the pathogencsis of mouse typhoid in normal and
immune mice, Lethal infections with 8. typhimurium have been induced
with living, avirulent organisms. The pattern of mortality and the
histegenesis of the disease were indistinguishable in the two groups.
However, a hundredfeld larpger inoculum of bacteria was required to induce
the discase in the immunized animals.  Studies by other investigators
using the samc dose of bacteria in challenging contrel and imaune animals
have led to the conclusion that jmmunity in mousce tyjheid confers the
ability to completely clear a challenge dogse of viruleat bacteria from
the host's tissues. Our findings do not corroborate these obscervations,
The identical progression gnd spread of the l-sions of the discasc §n
both groups of animals studicd by us was an vaexpocted finding, Iv
suggests that, in a potentially lethal infection, bost defennce factors
arc effective only in the poriod shortly follouving infection, This is
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the period at which a defensive rele for siraz ontibedy hos beon cloenvdy
demonstrated, The crhonced bacterial killing pouer coafered by acquir-d
cellular immunity, on the octver hand, is potentially @ facter throusheut
the course of the discase, but has rot been shown to be effective at the
sites at which bacterial multiplication takes place. It is quite possille
that the environment of the granulomas in the liver ond spleen protcocts

the organisms from host defensive factors. These findings are in agrecment
with those obtained by Hornick and Woodward in human volunteers infected
with S. typhi. In both cxperimental models it was dcmonstrated that
immunity to typhoid is partial, affecting only the dose of bacteria required
to induce the disease., The clinical and pathologic course of the disease,
once tha infection becomes established, is unaffected by the previous
state of immunity.

6. Studies on cholera are being continued. Our results and
interpretation have been challenged by Yardley and Elliot using the
canine and adult rabbit model and by Norris employing the infant rabbit
model. Work during the past year has narrowed the area of disagreement.
However, only we have described a cytotoxic effect on intestinal vascular
endothelium. Further work is in progress to resolve this problem.

7. Studies on radiation injuries of the intestine revealed several
striking parallels with inflammatory bowel disease as seen in bacterial
infection, New to us was the absence of intestinal epithelial denudation
and the striking regenerative capacity of crypt cells in animals dying
from the intestinal radiation syndrome. The results of our work have
encouraged us to attempt to broaden our studies on intestinal injury due
to ionizing radiation,

Summary and Co...lusions.

As may be seen from the bibliography the individual contributions
were directed to the over-all continuity of our research. This department
has become a leader in experimental gastro-intestinal research which has
been recognized also by the election of the Principal Investigator to
membership in the American Gastroenterologic Association.

During the past year the direction of activity was slightly shifted
and greater emphasis is being placed on correlation with clinical,
physiologic and radiobiologic data. During the year there was a ncarly
one hundred per cent turn-over of the enlisted technicians participating
in these studies. Three of the Associate Investigators, Maenza, Kasdon,
and Shurin,completed their obligatory military service. Likewise,
Captains Donati and Powell, our priunciple collaborators in Radiation
Biology and Gastro-intestinal Physiology, returnced to civilian life. Their
replacements are due to arrive in the Fall,
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Publications.

1. Kent, T. H., Formazl}, S. k., Labrec, E. H,, Sprirz, B, and
Maenza, R, M, Gastric Shigellosis in Rhesus Monkeys., Am. J. Patin,,
51:259-267, 1967,

2. Kent, T. H,, Formal, 3. B., and LaRrec, E. H, Salmounellac
Virulence Testing. A. M, A, Arch. Path., 34:300-303, 1967.

3., Merxill, T. G., Sprinz, H.,, and Tousimis, A, J, Changes of
Intestinal Absorptive Cells During Maturation: An Electron Microscopic
Study of Yrenatal, Postnatal, and Adult Guinea Pig Ileum, J.
Ultrastructure Research, 19:304-326, 1967,

4, Takeuchi, A., and Sprinz, H, Electron-Microscope Studies of
Experimental Salmonella Infection in the Preconditioned Guinea Pig.
II. Response of the Intestinal Mucosa to the Invasion by Salmone’la
typhimurium, Am, J. Path,, 51:137-167, 1967.

5. Friedman, R., and Maenza, R. M. Peroral Infection and
Resistance to Reinfecition with Encephalomyocarditis Virus in the
Mouse. J. Inf, Dis, 118:125-124, 1968,

6. Takeuchi, A,, Formal, S. B., and Sprinz, H., Experimental
Acute Colitis in the Rhesus Monkey Following Peroral Infection with
Shigella flexneri., Am. J, Path, 52:503-529, 1968.

7. Jervis, H. R., Donati, R, M., Stromberg, L. R., and Sprinz, H.
Effect of Exposure Conditions on the Production of Radiation Lesions
in Rat Small Intestine, Proc. Soc. Exp. Biol. Med, 127:948-952, 1968.

8. Merrill, T. G., and Sprinz, H. The Effect of Staphylococcal

Enterotoxin on the Fine Structure of the Monkey Jejunum, Lab. Invest,
18:114-123, 1968.
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Projoct 3A020C01ARZe BILYTIRY INTFRIAL BEDICILT

Task 01, Hilitary Tnternal ledicine
Hork Unit 125, Absorption and loss of radioisotopss by the gut

Investigators.,
Principal: LTC Marcel E. Conrad, MMC
Associate: LTC F. D. Garretson, MC, CPT Stanley G. Schade, NMC
and Harold L. Milliams

Description.

Studies of the mechanisms requlating the body content of trace
metals by investigation of both absorption and excretion of radio-
active labeled compounds,

Progress.

Iron deficiency is a major nutritional problem throughout most
of the viorld, which reduces the capability of affected populations to
maintain a sustainad effort and remain scli suivicient. Iron defi-
ciency is most frequent in those geoaraphical areas where (1) the
diet contains Tittlie protein; (2) dictary iron is mostly inorganic
iron and (3) infection is commonplace in the native populations., The
role of these factors upon iron ebsorntion and cxcretion has not been
considered previously. To ascertain whether they had an efiect upon
the state of iron repletion, studies ware performed in hoth experi-
mantal animals and humans,

Starvation and protcin-deficient diets caused marked ferrokinetic
abnormalitics and decreased absorption in rats fed diets containing a
normal content of iron., Observations at intervals after tha onset of
fast and in rats fed various anounts of protein sungested that the
changes in iron metabolisn were caused by depressed erythropoiesis
and retarded growth., The diminished weiaht gain and decreased hewo-
globin synthesis increascd the concentration of iron in the plasna
and various body organs. Starved rats with iron deficiency or he-
molysis increased erythropoiesis to normal levels but not to values
observed in unstarved or phenvlhydrazinz treated animals, Although
sufficient quantities of substrate can be robilized for hemnolobin
synthesis, a relative unaveilability of precursors for hemaglobin
synthesis may be important in the etiology of dininished red blood
cell production, Aninals atteruted to re~-rstablish and maintain a
normal body concentration of iron by decreased abscorption and in-
creased excretion of iron, The decreased 2bsorptivn of iron vas
not accompanied by an increcascd iren content or iron concentrction
in the intestinal mucosa, lowever, in starved rats increased aounts
of dialyzable iron were incorporated into the dusdzaum frem the body

storcs. This indicated thal iron absorplion vas not affected by
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the total quantity of iron within intestinal cells but that unbound
iron within mucosal cells might be an imnortant regulator of iron
absorption, !

Experiments viere performed in rats waintained on either rice
or starch diets. These diets were chosen because iron deficiency 5
1s commonplace in populations who consume rice as their principal
dietary staple and the habitual ingestion of laundry starch is a
common practice among certain porulations and is often associated i
with severe iron deficiency. Obviously, much of the iron deficiency
vhich occurs among persons maintained.on either rice or starch diets
is caused by the relatively low iron content of these foodstuffs, j
However, in animals studies in which these foodstuffs were made
fron-replete by the addition of iron to the diet, decreased absorp-
tion of iron was observed. This was not caused by a direct intra-
luminal effect of the starch or rice upon dietary iron but scemed
related to protein deprivation and the decreased erythropoiesis
described above.

The frequent association of chronic infection with iron defi-
ciency and ferrokinetic abnormalities led us to study the effects
of bacterial endotoxins upon iron absorption and repletion. The
parenteral administration of endotoxin causes marked chanaes in
iron absorption and metabolism within one hour after administration
of small sublethal doses. The changes observed during the first day
following injection were unique; there was decreased absorption of
iron with a normal intestinal iren content, an accelerated rate of
fron clearance from plasma and a decreased serum iron concentration,
That a generalized cytotoxic effect upon the qut was not the cause
of these changes was sugoested by the normal intestinal histoloay
and lifespan of mucosal cells, normal absorption of qlucose and
unchanged excessive absorption of iron by iron-depleted, endotoxin
treated animals. Two days after the administration of a sinale
injection of endotoxin most abnormalities becane normal excent that
the intestinal i{ron content increascd, and a significani decrease
in iron absorption nersisted, It was only durina this later period
that iron-depleted rats had decreased ahsorption of iron from the
gut, e postulated that the acute absorptive defect was caused
by a decreased capzbility to transfer iron from the mucesal cell
into the body, whercas the late defect was associated with impaired
entry of intraluminal iron into the intestinai absorntive cells,

The high incidence of iron deficiercy in ceonranhical portiens
of the vorld where meat ic relatively unavailable, and the differ-
i ences in the chemical form of iron betueen mrat and most other dictary
i* constituents, led us to study the absorntion of hennqlobin-iron and
1 make comparisons with the absorntion of iron from inorcanic salis.
Fasting subjects cbsorbed greater quantities of iron from tcst doses
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of ferrous salts than fron homozlebin,  Hoirever, more physicloaic
experiments in which the Tabeled iren propavations ere addod to

food, much qreator quantities of iron wizre absorbed from howoalobin
than froin ferrvous iron salts, Thus, henoalobin can be an important
source of dietary ivon. That hemoalobin-ivon is absorbed selectively
based upon body requirements was shown in irvon absorption studies in
humans befTore and after phlchotomy. The mechanisms for the enhanced
absorption of iron from heiioglobin vere studied both in vitro and in
human experiments, Heme is split from globin within the duodenal
lumen by proteolytic enzymes and the heme is absorbed into the duo-
denal mucosal cell as an intact and metalloporphyirin,  Iron is split
from the heme within the intestinal cells and transferred into the
plasma as inorganic iron, 7.0 [lobin degradction products were found
to be important for the absorption of heme from the intestinal lunen,
Test doses of heme are poorly absovbed in comparison to similar
quantities of hemoglobin-iron. This was shown to be caused by the
polymerization of hene into macromslecular structures which cannot
be absorbed into the intestinal epithelial cell, The amino acids
from globin act as depolynerizing acents to prevent the formatiosn

of heine macromolecuies, Similarly, the addition of other compounds
which forin 1igands with hois2 will mariedly enhance the abhsorption

of iron from the motalloporphyrin, i,e, niacin, carbon monoxide,
cyanide, Comparison of human studics with animal experimants perw
formad during the previous fiscal ycar sugoested thet the selective
absorpticn of heme-ivon was requlated either by controlled release
of iron frem heme within intestinal cells or by requlation of the
quantity of iron transported from intestinal cells into the plasma
or both,

Demonstration of the imnortance of polymerization in the rcgula-
tion of absorption of hcrmoglobin-iron led us to investigate the pos-
sible role of macromolecular formation with inorganic iron, “In
vitro" studies of ferrous iron salts shoued that this iron formed
significant quantities of large sized molecular conpounds at the
slightly alkaline pH of the duodenum., Polymcrization of inorganic
iron was markedly cnhanced by the addition oF small quantities of
sodiuin bicarbonate to the solutions. Studies in eninals shoved
that the quantity of iron abserbed from test doses was markedly
decreased by polymerization., That this phencsonon might have
phvsiologic siagnificance was investicated in animals given injec~
tions of secretin., Secretin stimalates the production of bicarben-
ate by the pancrcas and reduces iron ebsovption, These phonorena
may explein the sideresic observed in patients with chronic pan-
creatis, cystic fibresis and perhans cirrbosis and add to a basic
understanding of the importence of the chenical ferm of ireon in both
the diet and pharmecologic properations used for the treatrent of
iron deficiency.
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Summary and Conclusions.

Starvation and protein depletion markedly decrease the capabil-
ity of the intestine to absorb test doses of iron. This pheromenon
can be demonstrated in animais maintained on either rice or starch
diets and may partially explain the high incidance of iron deficicncy
in many geographical areas of the world, The capability of intesiisal
cells to absorb increased amounts of iron from mcat was studied and
the basic mechanisms delineated, Bacterial endotoxins were shovn to
markedly decrease iron absorption. Experimantal stydies suggested
that this was an impaired capability to transport iron from intestinal
cells into the plasma. The role of polymarization of both inorganic
i.on and hemoglobin-iron was studied and provided an etioloay for
siderosis in certain disease states, a role for the pancreas in iron
absorption and information of value in understanding differences in
the absorption of iron from various focdstuffs and pharmacolonic
preparations,
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Work Unit 030, Social and preventive psychiatry

Investigaetors.,

Préncipal: 1liAJ Dounald V. Morgpanm, MC; CPFT Arthur D. Colinan, M2;
CPT Peter B, Rosenberger, HC; CPT Alan b, Sklac, ¥C

Associate: 8SC William ., Haynie, Jr.; SP5 Allen berry;
SP6 Yranklin D, Harris; Isracl Goldinmmond, Ph.D.;
Jard DPyrud, M.D.; MAJ Gordon Bolte, MSC;
Cr) Paul D, Ellsworth, MSC; Mrs. $ally Oesterling;
CPT Robert M. Rosc, MC

Description.

1. Conditioning eve movem:nts, Operant conditioning techniques
have been applied te the task of cunditioning eyc movements as free
operants. A stand-type lackworth telivisicn Eye-mavker Camzra has
been adapted for recording of the movements of both eyes simultaneously.,
A picture of the target cf gaze, together with spots of light repre-
scnting the positions of the eyes, is fed to a visual monitor and a
vidco tape rccorder. Reinforcemints for desired cye movemsnt patterns
gre delivered by hand by the cxperiwsnter viesing the wonitor screen
and pressing a suwitch. The effectiveness of reinforcements in control-
ling eye wovements is evaluated quantitatively by independent observers
viewing the video tapc eye movewment record without the reinforcement
record,

2. Troaumtic parietal lobe discase. Visual hemi-incttention
syndrcw:s have been studiced in cases of trsumatic unilateral parictal
lobe discase, An eight-choice automrted visual discrimination task was
presented, in which onc ¢f the choices is a horizontal line bisected
in the exact centey by a short wvevtical line, and the ~ther choices are
similar horizontal liines bisccted at varying distances from the center,
After appropriate teavhing procedurvs, = twenty-five trial sel to such
discriminations was given to five paticnts with right cerebral hemi-
sphere disease, five patfents vith leit corcbral hemisphere digcase,
and ten patients with no Lrain discase,

3. Visuel briechtness thresholds, Viwusl brighiness throsholls
arc being assesscd in the albiso rat by # behaviorsl techaigues erploy-
ing the conditioned suppressien poradignm fivst descridbed by Lstes ond
Skinncr, A flasking light i wicd as the conditioncd stimulus for
suppression of bar-presgin: beisvior, end continguneiss are sryinged
such thit evidence of suporession during 2 givea presantation of the
stisales automatically proprems o deécreast in the {ntensity of the
stimilus for the next preseatation, and vice vorsa.
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4, Operant conditioning in psychotherapy., fThis project was
begun four years ago by Dr. Goldiamond and Dr, Dyrud, who attempted
to apply operant conditiouning principles to describe the standard
"{ntensive psychotherapy situation. These investigators studied the
process of the therapy through one~way mirrors and written transcripts
of psychotherapy sessions. Dr, Colman joined the project in September
1966, at first as a trainee in this new method of analysis and later
investigating a patient of his own with these methods.

5. Experimental psychiatric ward, Many non-cffective soldiers
dizgnosed as character and behavior disorders are admitted to the
psychiatric services of Army General Hospitals, They represent a small
fraction of a similar group of men seen at mental hygiene clinics and
stockades, Recent policy has lowered mental induction standards for
the Armad Services and has determined to teach poorly prepared mzn to
adjust to military life, Since few guidelines exist for instituting
effective programs, the Army psychiatric service has the urgent mission
of finding new approaches for treatment of the character and behavior
disorders., During the past year an experimental ward has been estab-
lished for the study of this problem.

The Army's use of positive and negative reinforcements to
shape its troops, plus the military mission's requirement for highly
predictable performance and conktrols, closely matches the philosophy
and technical coastructs of operant conditioning which provides a use-
ful model for clearly formulating operational principles for recondi-
tioning m2n to active duty.

The model of an operant conditioning ward linked to an extra-
ward or Yfield" program, in combination, affords the following
therapeutic milieu:

a. A social system in which explicit and immediate information

concerning adequacy and acceptability of social and work performance is
provided, a system in which the soldier can regularly observe that
desirable behaviors 'pay off" and other behavior does not.

b. The control intrinsic to such a system is directed to teach

the soldier specific behaviors, including occupational, educational,
and recreational skiils, and the interpersonal skills required for
success in the groups in which men live, work, and fight in the Army.

¢. The program moves from comminication of control through
extrinsic reinforcements toward more internalized control systems for
each man during the treatment period,

d. The work program is coordinated with a nearby wilitary
post so that behavior learned on the ward can be 'generalized" into an
application model for m2asure of role competence before return te duty.




‘cific control of the tone reinforcer over gaze fixation by an "A-B-A"

Patients comprising the reported group are selectaed from
soldiers admitted Lo Walter Reed Ceneral Hospital, end diagnosed as
character and behavior disovders. (Homosexuals, slecoholics, &nd men
under sentence are excluded.) MHolf of the group is randomly picked for
the rescarch werd; the other half, provided the more traditional
hospital treatment and disposition, serve as Controls. Longitudinal
follow-up is carried out on both. The werd utilizes a point ecoriomy

in which reinforcements (IV, cerd playing, authorized absences, educa-
tional courses, etc,) are paid for by points earned in military
activities, problem-solving groups, formal instruction, and work proj-
ects, Across time, the program shifts toward more delayed point rein-
forcement schedules, and, in a few cases, thc men may be taken off the
point system entirely when nearing discharge.

Follow-up of each soldier at his next duty assignment is
coordinated through the military post's Mental Hygiene Consultation
division., This promotes strengthened communication between an Army
General lHospital, Walter Reed, and the post m&ntal hygiene clinic, and
between the clinic and the local military units,

6. Alcohol study. Last year at the research field station at
Ft. Gzorge Meade, Md., the department established a study of soldiers
with problems in excess intake of alcohol. The goal of the study was
to define the problems in establishing an alcohol treatwent unit in the
army, to characterize the populat w served, end to identify staff time
and capability requirements., In u.lition, the study attempted to
characterize the social nud behavior:l patterns of the patients in
their homes and units with cmphasis on relationship to their spouses
and the interaction of th~ units in which the problem of alcoholism was
manifested,

Progress.,

1. Conditicaing eyc movements. It has been possible to condition
fixation of gozce altern-tely to and away from a given area of the
target in eight out of eight normal ‘subjects, and to demonstrate spe-

paradigm. It has alse been possible to establish color as a discrimi-
native stimulus for direction of gaze in five out of five normal sub-

jects, and to generate a simple pattern of eye movewent (side-to-side

and up-dowr) in five out of five normal subjects,

2, Traumatic parietal lobe diseasc., An examination of errors per
opportunity as a function of discrimiration difficulty shows a signifi-
cant increasc in error rates with increasing task difficulty in the
five patients with ripht brain lesions, as compared with the [ive
patients with left brain lesions and the ten patients with no brain
lesions, vwho did not differ significantly from vach other. Stimulus
generalization curves generated by graphic choice frequency as a
function of distance of the error choice from the cunter show 2 signif-
icant "peak shift" in all five patients with right brain lesions, not

204




in the others. The peek ehifc disappears wheu the task is treotaed as
a sample-matching task, i.c., when no judgement of 'which is in the
center" is required,

3. Visual brightness thresholds. Relative stability and
teproducibility of brightness thresholds under conditions of dark-
adaptation have been achieved in four normal rats over wmultiple deter-
 minations, In addition, a significant change in the brightn2ss thres-
hold has been elicited in two rats as a result of damage to the retina
by fluorescent light for a prolonged time, Retinal demege has been
confirmed by histologic examination in one of the experimental rats,

4, Operant conditioning in psychotherspy, For the past year the
psychotherapy project has continued vith the emphasis shifting from
observation of conventional therapy to utilization of the opersnt
procedural description to modify and rationalize the therapeutic
process, The project terminated in June 1968,

5. Experimental psychiatric ward, Fifty wmen from the comparicon
group and 50 men from the ward experimental group have been sent back
to active duty over the past year. Through June 1968 two-thirds of
the experimental group have either been honorably discharged or are
successfully completing their military duty es couwpared with less thean
10 percent of the comparison group.

The ward program has been stabilized so that we are now able
to begin to describe the ward as a feasible and exportable model for
treating character disorders in the military., The educational program,
work program, point system, phase fwo plan, work and educational
contracts, and generzl staff organization are described ir forthcoming
papers, &s are theoretical issues of this treatment mode.

The focus of the study has been upon examination of certain
procedures in a rigorous experimental fashion to help guide practical
operations., Specific studies have includea: (1) manipulation of
points as reinforcement for specified tchavior; (2) shaping a higher
performance level with differential amonnts of reinfircement;

(3) demonstration of 'model" behavior by a ward officer (psychiatric
resident); (4) punishment by a point fine to control undesired
behavior; (5) use of a chaining-type r2inforcoment contingency to
increase desired bdehavior; and (6) differential reinforcement of the
individual versus the group to increase a verbal performance.

6. Alcohol study. An alcohol trecatwens ccnter Las been established
at Ft. Meade. Referred paticnts have been evaluated through exteusive
interviewing and the administration of two psychological tests. 1In
the units of affected patients a forwalized intervicw hss been carried
out »ith the Commding Vficer and iFirs. bergeant, In additionm,
where spouse is available, -hec has been seen and evaluated by inter-
view and psychologicel test, Approximately 40 petients have
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been evaluated and approximntely 30 have beer treated or are being
followed, Current treatment has consisted of individual, couple and
group therapy with and without concomitant administration of medication,

Summary and conclusions,

1. Conditioning eye movements, Eye movements and gaze fixation
may be conditioned as free operants by manipulating their external
consequences, Current study is attempting to generate conjugate gaze
in subjects with congenital strabismus, and steady gaze i1 a subject
with congenital nystagmus, These cfforts should be greatly facilitated
by an automatic photocell recording matrix now under construction,

A :

2, Traumatic parietal lobe discase, Patients with right parietal
lobe disease show a relatively specific deficit in spatial "eriterion"
or "decision making," although actual visual discrimination is unim-
paired, This finding contributes to the resolution of a long-standing
controversy in the neurologic literature over whether the non-dominant
parletal lobe serves any specific "spatial orientation" functions, or
whether apparent deficits are merely the crtifact of absence of aphasia
in the patient with non-dominont parietal lobe disease. Operant tech-
niques which are known to affect "peak shifts' in stimulus gencral-
ization will be employed in an attempt to work out a rational thera-
peutic approach to visual hemi-inattention syndvomcs,

3. Visual brightness thresholds. The combination of conditioned
suppression and a response-adjusting mathod of varying stimulus inten-
sity provides a feasible tool for evaluation of brightness thresholds
in the albino rat, This technique will next be applied to the study of
the effects of chloroquine and other retinotoxic agents on visual
receptor function,

4, Operant conditioning in psychotherapy. This project has
investigated the possibility of utilizing the operant psychological
model to describe psychotherapy and use these descriptiorns to 1.dify
the therapcutic process. The languigye of opurant psychology is an
elegant one for describing the therapeutic transaction, yet lends it-
self to thinking in terms of more practical procedures in psychotherapy.
Considerable headway has been made in more accuratcly programming
therapeutic operations particularly with obsessive and hysterical
characters., A more complete report of the project's findings and
conclusjons is in progress,

S. Experimental psychiatric ward., (1) Using the bebhavior of
running a half-mile course, it was found thet soldicr participation
could be incrcased by owarding larger amounts of reinforcement (points)
for rumning. (?) The spccd of running was greatly incrcascd when the
runaing speed required for a larger point avierd was gradually increosed
from week to weck. (3) Waen the ward's psychiatric resident made the
rus with the men (therchy serving es a behavioral "wodel™), the
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soldiers' participaiion in the run was unchanged, (4) An effort was
made to fincrease attendance at the unit mceting by punishing with a

10 point fine the conflicting behavior, namely, slceping in bed. The
effect was to sharply reduce attendance at programmed activities,
including the unit meeting. (5) In contrast, a chaining~type positive
reinforcement contingency was quite successful in increasing attendance
at the unit meeting., The contingency was simply that a soldier must
attend the meeting in order to receive points for other activities,

(6) To increase the frequency of verbal reports at a group meeting, a
large number of points were given to the group (the audience) when a
soldier presented a verbal report. At a later time the samz number of
points was allncated to the individual speakers. The more effective
procedure with several low frequency speakers was reinforcement of
individual speakers.,

The pr._ect gives hope of developing an application model for
the treatment and rehabilitation of the character and behavior dis-
order in the army. It is already planned to expand the program and
integrate it into the routine psychiatric service of Walter Reed
General Hospital, In addition, the ward has been used to contribute
basic rescarch findings relating to control of group bechavior by an
operant milieu,
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Project 3A025601A823, MILITARY PSYCHIATRY
Task 01, Military Psychiatry

Work Unit 031, Analysis of behavior and of mediating mechanisms:
Measurement of performance and decrement of performance

Investigators.
Principal: Thomas W. Frazier, Ph.D.
Associate: CPT Vincent E. Bitetto, MSC; CPT James P. Flanders, MSC;
CPT J. Ronald Gentile, MSC; Harold Lawson, M.A.;
Julius Paul, Ph.D.; CPT James C., Sorensen, MSC

Description.

This work unit studies influences of social and environmental
variables upon human performance. It includes psychophysiolegical
measurements to determine physiological costs associated with main-
taining demanding task performance in aversive laboratory and natural
settings. Research content includes vigilance decrement, behavioral
stress, verbal learning and retention, concept formation, and social-
ization processes.

Progress.
1. Vigilance decrement.

The research on human vigilance performance has been extended
to study control over human monitoring performance by multiple
concurrent schedules of signal programming and to provide further data
on the importance of circadian variations as a source of variability
in monitoring performance.

The primary results which have been supported by the studies
of multiple concurrent schedules are as follows:

a. The periods of training necessary to establish stable
patterns of monitoring performance are often much longer then the
periods over which past studies have obtained measurements.
Consequently, past work has based conclusions sbout human vigilance
performance upc. transitory stages, which do rot tend to reflect the
patterns of responuing characterizing thc individual after stcady-
state responding is reached.

b. The manner in which signals are presented on a display
does induce clearly observed control over the human observer's
responding to the display. The probability of detecting a randomly
inscrtad signal decreases as the observer develops stereotyped
responsc patterns to the display's idiosyncracies.
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c. It has becn found that observing or sasnning patterns
can be controlled simultaneously by three scheduler of signal
programming, each inducing a very different patters -7 <. -al
scanning of a given display arca. When other scheauic combinations
are employed for signal programminrg, a single schedule can assume
control over scanning of the entire display, while the other
component schedules exert no observable effect. Since the patterns
in rate of observing panel meters were readily predictable, in terms
of schedules of reinforcement data, 1t is cvident that assessment of
a man-machine system is not complete until it is known how the
programning of displa information affects the long-term work pattern
of the human operator.

The results from studics of circadian rhythmicity in human
vigilance performance are as follows:

(1) Further studies have confirmed that circadian
i rhythins are present in rate of observing pancl meters and in
efficiency of signal detection.

(2) Independent spectral analyses of rate of responding
to individual areas of display operated by multiple concurrent
schedules show very similar spectral intensity distributions, even
though responding on the different schedules can be very different on
grocss inspection of records. This indicates that different patterns
of responding to different signal presentation schedules can be
affected similarily by circadian influcnces.

(3) Spectral analysis of rate of response information
from monitoring performance frequently revcals multimodal intensitiles.
Thesc multimodal spectral intensitics have been accountel for by a
spectral convolution model. In this model thesc multimodal rhythms
arc viewed as side bands generated by the slow modulation of an
esscntially basic proximate 24~hour rhythm. The model implies that
the spectral dispersion noted in the results we have obtained may be
attributable to very slowly varying processes such as learning or
habituation te the testing environuent. The model does provide a
quantitative cstimation of the effects of the unknown (modulating)
variable,

At the present time, plans are in progress to induce experimentally
clear disruptions of the normal activity routine in order to explore
the issue of predicted modulation of the civcadian rhythm. This
issue will be explored through cxposing test subjects to 72-hour
sleep deprivation and phase-ghifting of the normnl day. The resuiting
effects will be compared with predictions made on the basis of the
spectral convolution model.
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2. Behavioral stress.

The behavioral stress rxesearch program has been continued, with
further investigations c¢f factors which lead to performance decrement
in aversive environments. One portion of our current research in
this areg consists of studying effects of an acute two-hour stress
experience on the secretion of plasma 17-OHCS, plasma insulin,

. plasma growth hormones, plasma luteinizing hormone, and excretion of
urinary catecholamines. This investigation represents a collaboration
between the Department of Experimental Psychophysiology and the
Department of Neuroendocrinology. A second portion of this program
concerns the study of threat of puhishment upon tracking performance.
The third portion consists of studying cffects of unavoidable
punishment upen verbal retention. The fourth portion of this
program is concerned with the study of avoidance conditioning of
cardioaccelerative and cardiodecelerative responses. Finally, a
project is underway to study predictability of individual s:ress
tolerance.

a. Effects of psychological stress on endocrine activity.
A pilot investigation of psychoendocrine responsc¢s to behavioral
stress in seven male volunteers has been completed. This investigation
is preparatory to a larger statistical study of centrolled laboratory
stress effects upca a number of pituitary hormones. Measurements havec
been made of plasma 17-hydroxycorticosteroids plasma insulin, plasma
growth hormone, plasma luteinizing hormone, and excretion of urinary
catecholamines. Information on effects of .“ress in humans has been
accumulated for measures of pituvitary-adrenocortical and medullary
hormones. Little systematic data are available on possible effects
of behavioral stress upon growth hormone, insulin secretion, or upon
luteinizing hormone. In the present werk, a nondiscriminative
avoidance conditioning procedure is used to induce acute stress levels
in young male volunteers. Through venous cathetecrization, blood
samples are withdrawn on repeated vccasions during control and stress
session days. Urine is collected before, during, and following wach
uvession. Fractionated samples are used to study the course of
hormenal changes, relative to time of day and specific responses to
the avoldance conditioning experience. Results from the pilot study
have shown the predicted elevation of plasma 17-hydroxycorticostercid
levels “n blood, increased excretion of cpinephrine, and some evidence
of rises an growth hormone. The growth hormone changes arc much less
clegr, due to large uncontrolled clevations which appear to occur on
a spontaneous and intcrmittent basis at different times of day.




- imposed upon the tracking task. In one of these groups, the avoidance

b. Effects of behavioral stress on tracking performance.
A study in current progress has been designed to study cffects
of a punishtment avoidance contingency upcu zero input tracking
performance. The goal of this study is to delincate factors which
lead to increased tracking accvracy from those which induce performance
degradation. One test group has been given the basic tracking task
alone, The stress coudition superimposcd upon task perforrance is
avoidance of electric shock punishment when error is kept within
prescribed limits., This avoidauce contingevcy has resulted in
consistent increases in nuwber of control stick commands, decreases
in integrated error scores, and decreases in the number of time error
reaches the prescribed limits. These results will be compared with
those of several other groups, who are givecn a secondary task super-

contingency will be attached to the tracking task and performance on
the auxiliary task will lead to no punishmeni. In a second one of
these groups, the contingency will be attached to the auxiliary task
and tracking errors will not lead to punishment. Another group will
be given the auxiliary task alone, with the avoidance contingency
attached. We anticipate that group comparisons will reveal striking
differences in performance levels among the different groups.

c. Stress-associated forgetting of verbal learning.
A replication and extension of recent findings by Glucksberg and
King (Science, 1967, 158, 517-519) has been performed to st.dy stress-
associated forgetting of paired-associates learning. These investigators
had reported that forgetting in A~list - B-list paired-associates
could be obtained by shocking D-1list words which were iwplicitly
associated (from word-associatfon norms) with the B words. Forge:ting
was significantly greater for B words implicitly associated with
chocked D words than for B words associated with non-shocked D words.
This finding was described as "motivated forgetting.”" To replicate
and extend thesc results, half of the test subjects in our study were
given D words and half C words, which could be shocked. It was
argued: if forgetting occurs in B words which are associated with
shocked D words, more forgetting should occur in B words when
associated C words are shocked. It was found that when original
learning of the A-B list uvas contrelled, there were no differences in
forgetting attributable either to C or D vord lists, or to shock or
no-shack trecatments. These findings contradicted the original
Glucksberg-King findings, and a replication which they recently
completed. Ve plan a furtherreplication which will obtain a phyeio-
logical mecasure (GSR) of the assumed mediated stressful effects of
the shock-assoclated vord chains,
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d. Avoidance conditioning of heart rate in humans. Previous
investigations on avoidance conditioning of hecart rate in humans have
suggusted scveral issues pertinent to conceptualization of behavioral
stress and associated physiological costs. A study is in current
progress and near completion to investigate the following:

(1) The feasibility of conditioning both cardioacceleration
and cardiodeceleration corcurrently within individual subjects,

(2) The effects of contingent and nou-contagent punishment
upon conditioning.

(3) The effects of correct vs. incorrect instructions regarding
contingency relatioaships upon success in -onditioning cardioacceleratioun
and cardiodeceleration.

{4) The interaction of the above variusbles.

The basic technique employed consists of discriminative avoidance
conditioning procedure, in which punishment can be avoided in some
cases by increases in heart rate, and in other cases by decreases in
heart rate. The spccific contingency between heart rate and electric
shock avoidance depends upon the presence of two discriminative
stimuli (lights). When a blue light is presented, heart rate must
increase above the previous minute ror shock to be avoided. When a
white light is presented, heart rate must decrease below the previous
minute's total to avoid shock. Pairs of test subjects participate .n
the experiment simultaneously, using two different test chasbers.
Half of the subjects are given correct instructions. The other half
are given incorrect instructions. WHalf of the subjects are given
contingent {earned) punishment and the other half noncontingent
punishment. This results in four different groups. Results from
the correct instruction - contingent punishment group showed
significant evidence both of accelerative and decelerative responses
in the presence of the blue and white lights respectively. The
correctly informzd noncontingent punishment group failed to show
significant differences in heart rate fror onc condition to znother,
The subjects told incorrectly that punishment was contingent upon
their heart ratcs have shown evidence of cardioaccelerative and
decelerative responses, The group given contingent punishment and
noncontingent instructions hss shown no real differences betweon
responses during the white and blue lights. These results lead to a
modification of previous conclusions: The basi. hypothesis that the
cardiovascular effects of shock are dependent on the conditions under
which punishment is presunted continues to be supported. However,
it is now suggested that instructions, as a pretraining or pre-
conditioning procedure must be considered a very important aspect of
conditioning humans., Pretraining through verbal instructions can

.




have the effect of drastically modifying subsecquent conditioning of
cardioacceleration and cardiodeceleration,

tolerance of acute behavioral stress on the basis of conventional
psychouetric instruwrents, Test subjects are divided into scveral
groups based upon tolerance of avoldance conditioning in the laboratory.
Approximately one-half of all test subjects tesied witn our current
techniques for avoidance conditioning of heart rate find thewsclves
unable or unwilling to cowplete the requiremunts of the experiwment,
Those who tall irto this category typleally display numerous
indications of psychological stress. In our curreat work, every

test subject utilized in the aveidance conditioning work is given

a lengthy battery of specific and general-purposc tests. It is

hoped that one of these tests, or a cowbination of test items can

be developed into a relizble measure for predicting tolerance of the
individual to avoidance experiences. The current test baltery
incluvdes the following tests: Mirncsota Multiphusic Personality
Inventory; Sixtecn Personzlity Factor Test; Rosanzwzcig FPicture
Frustration Test; and the Cold Pressor Test. The dimensious of
special interest for this investigation include the necuroticiem and
extroversion factors mcasured by the 16-PF test; the ego strength and
anxiety scales from the M{PI; and the spccific cardiovascular
response to the Cold Pressor Test.

3. Concept formation.

Our current studies in the concept forration area include gtudies
of analogy-solving pcrformance end multiple cuc probability learning.
The former arca is especially pertinent to problems in the measurement
of basic intellectual abjlitics. The latter is particularly pertinent
to the development of measurencnts of judgient processce anr. dearadation
of judgment.

Previous work by Gentile has indicated that & large portion of
total variance assocfated with selution of snalegy itere could be
atrributed to an association or association-like process. Two projects
attespting to dewonstrate the influence of the assuciational relatedness
of words in analogy itwes on the solution of those itoms are nesy
completion. The first vepicsente & tranrfer deadan, in which test
subjects receive a prelrnining searion to prins selected associater
of the analogy ftem stest wook pafrz end then yrecedive the analogy
jtems to test the influence of prinming on the enalogy verforwance,

Data are now being analyzed. The secend projoct conceracd the prediccion
of subjects® rank orderings of the sswe gots of words on a vord
relatedness rating scale. The sverage raph ovrder torrelation over
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ten items is of the order of .64. Further work is planned to cross
validate this substantial correlation. One important implication of
these findings is that analogy tests are not nearly as pure a measure
of reasoning ability as had been thought. Associational factors are
largely determined by individual cultural and educational backgrounds.
vonsequently, culturally disadvantaged individuals may be handicapped
w#hen they are given analogy tests for screening or selection purposes.
This hypothesis will receive further examination.

4. Groupe. organizations, and institutions.

a, Military discharge procedures governing the management
of those found "unfit" or "unsuitable" for further military scrvice.
Work has continued on this project, with emphasis on the comparison
between the use of the former AR 635-208 and AR 635-209 with the
present AR 635-212, One item of particular importance is the counselling
and rebabilitation provision (Section II) of AR 635-212 and the extent
and under what conditions these requirements are waived by cormand
authoriiy., Also of interest are the number of discharges under the
present regulation, and the question of whether actual cnforcement of
AR 635-212 is fundamentally different from its predecessors. An
important procedural question that emerged from an ei:mination of
discharge figures for the earlier regulations was the rather high
number of military persomnel who waived their vight to an administrative
board hearing. The extent to which these waivers were actuvally based on
the subject's knowledge of the consequences of a general or an undesirable
discharge is not known, nor is it clear from the figures why so many
persons preferred a quick solution rather than administrative procedures
that could possibly have resulted in a higher discharge. It would
also be useful to compare these waiver figures with those under the
present AR 635-212, These and other questions are being studied, and it
is hoped that the researc!' data on the first group of persons to enter
the Armed Services under 'Project 100,000" (selection of quotas from
Mental Group IVs for military service) will answer the question of
wheiher an inordinate number of servicemen in this project find their
wvay into the channels of AR 635-212 or its equivalent in the other
services.

b. Socio-legal studies of the experimental werd and field
progrem for treatment of character and behavior disordex. Vork has
continued on this project, with cmphasis on two aspccts of the program:
the enforcement of ward rules and penaltics, and the systematization of
legal precedents in the enforcement of thssc ward rules, regulations, and
policies; and the extent to which "revolt" against ward authority has
taken place. The latter question is especially significant becausc the
two major organixed roevolts agairst ward sutbority took place within
the rules of the experimental program, nawely, through a kind of '
sit-down strike or refusal to work in the system, rather thaa an
attempt to dustroy the system by physical or illegal weans. Uhy the
revolts took place, the role of ward personacl in preciptating these
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cvents, and their responsces to ther, are all part of a complex sct of

events that can throw some lizht on the soldiers' attitudes toward authority,
constitutional (lawful) newuns for making chenges, and cspecially their
ability to use gradual moans rather than more entreme attempts to bring

the ward program to a complcte stop. As the results of the dindividual
followup studies come in, an effort will be made to compare the results

of ward cx pPlLOP ce with authority and tho democratic process vith the
aftermath of being sent back to a military unit, or even cventual

discharge from the Army.

c. legal problems of experiments on human subijcets. As the
result of individual and group discussions of some of the problems of
: conducting experiments on human subjects, an effort was made to bring
together some of the recent cases and more dramatic events that have occurred
in this area since the thalidoanide casc of 1962 and the more recent
cancer vesearch cases at the Brooklyn Jewish Chronie Disease Hospital in
1964--66. Discussions with three departments were conducted, and as a
result of these discussions, an effort will be made to systematize this
data into soue kind of generel guideline for rescarch on human subjects and
the possible problems that can emerge from this type of rescarch.

d. Effcct of federal court decisions regarding alcoholism on
the Uniform Code of Hn]:to'y JUSLJCC. Several recent lower federal court
decisions mdklhz puh]lc drualenness a disease, rather than a crime, and
a recent decision by the United State Suprewme Court in the case of
Powell v, Texas, raise scveral questiors pertinent to the Uniform Code
of Military Justice and the attitude of the military servvices toward chronic
alcoholism. If chronic alcoholism is regarded as a discase by some
portions of the civilion community, the question arises as to its relation
to Lin: of Duty disabilities, its treatmont in military medicine and
psychiatry, and jts relation to military criminal law. Although the
recent Supremc Covrt decision did not overturn existing practices and
policies, the entire arca of the trcatwent of alcoholism is going
through medical as well as legal ferament. Militavy medicine and psychiatry
should perhaps take a wore carcful and conscientious look at the vhole
question in the light of these rocent developments, espeeially before
test cascs are made in the courts to apply civilian legal precedents to
the treatment of chronic alcoholisnm.

Summary and Conclusions:

This year's rescarch efforts represent a continvation of rescarch
inquiry in arcas particularly rclevant to analysis of behavior in
aversive envirouwrents,  There has been on increase in ﬁcnpc of inguiry
pertaining to hehavioral stress,  Active reseavel now is io progress
on many different hinds of tanhk perfovnance and cnmgaxat’ve fnflutoces
of ditfercut continseat and noncontingent punislienl conditlons. At
the paychophysiolegical Yevel, wrasuresent hasz beea expandad to guriess
physinlugical cont of exposure to sveraive owironmeats on g wore

316




comprehensive scale, Our findings tend to provide growing support for the
hypothesis that the conditions under which punishment is used may be more
significant in prediction of behavioral change than the differcnces in
mental functions or task complexity dinvolved in a group of performance
tasks., Additionally, there is growing support for the conclusion that

the characteristics of change in physiological responsivity to aversive
environments do not reflect some single stereotyped pattern of change across
many situations. Instead, the very direction of change can be determined

by factors such as what the subject learns about experimental contingencies
and variations in the exact contingency relationship employed. These indications
contrasi with prevailing thought, although there is evideuce from

other laboratories of growing support for these hypotheses. The study

of the responses,upon which signal detection depends, as a class of

operant behavior continues to lead to fruitful results, and continues

to support predictions made on the basis of reinforcement principles.
However, it also points to some gaps in the status of knowledge in this

area, in demonstrating the sensitivity of rate of response and signal
detection measurements to circadian influences. It also shows that inspection
of cumulative record data alone can lead to failures to ubserve longer-

term changes in behavior. Spectral analysis and other varieties of automatic
analysis seem to be much more informative in identifyinz these slow changes
in behavior and in describing them quantitatively. The work on processes
involved in analogy solving tends to indicate that one of the "purest”

tests of reasoning ability actually is highly susceptible to the educational
and cultural histories of the individual. This is especially significiat

in viev of the dependence upon tests of analogy performance in selection

of college students. We have not yect conducted a formal analysis of

"Project 100,00C" men in terms of military suitability regulation actions,
but anticipate performing this amalysis within the next year.
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Task Ro. 01 Tonizing Radiation Injury, :
Prevention and Treatment v |

Vork Unit 055 .
Chemical Protection Against < ;
Irradiation co |

I, General

The Mntiradiation lwug Development Progren during the past ycar has made
_ rerarkable prograse in the avees of chemical synthesis, phersncologic
§ ~evaluatior &nd clirical lriads. Tn the arca of chemical syninesis new
} analogs huve baen developad which are gppreciadly different from thosc
vhich were previously Fuown to be defleciive. These agents not only have
& still gresler range of saffety but appreeizbly broaden the opporiunities

&

for synthesis in ibis area,

New phermscologic zciions wore dscovered in thz antiradiation compounds.
The most importsnt zetivitly in probably the highly specific alpha blockad-
ing actior, WR-2723 ani related compounds. The developmant of addilicnal
medical uses for anliradiation corzounds is to be oxpecled in view of
their fundwicniul relationship te eszential natural cellwlar componsnis.

A radialicn drug hus boon partially worked up for elinical trial whicly,
if the preclinisal {exicily experierced in morkeys is iranglalable to

man, will ofier a DEF of el leact 1.1 for peoplz vithoul obuervable sid:
effecta. The cliniend {rialse for tolerance on ¥i-632 have bien ccupleied,
The primate dulz gave a correcel prediclion of our clinicsl experience to
date.
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The overell Jevel of the proyron remaing approxinately the sarme as dast
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year with tie cresptior that there hun boen cone Inercased  s»ending in
the wren of ¢linicn) trlinls,




1I. Chemical Synthesis Program

A, Contract Prosre<: The chemical synthesis progrem for FY-68 was
operated on a $450,000 budget. Tle fiscal year started with nine active
research type contracts, one preparations laboratory contract and one special
services contract for the synthesis of tlagped compounds, During the year, 3
contracts expired and 2 arc in a terminal period, scheduled to expire early
in FY-69. Thus, as of the end of F'Y-68, the progrum is 1uft with 6 active
synthesis contracts, 1 preparations laboratory and 1 special services labor-
atory. A breakdown of the budget with respect to synthesis contracts, ex-
cluding the preparations laboratories and the special services laboratory,
yields 18% with academic institutions, 22% with research house and 603 with
with industry. WNo new contracts were let during the year., During this fiscal
year there were submitted 299 compounds at an aversge cost of about $1450 per
compound. This figure is on the low side bzcause 1uwo of the contracts that
submitted a fair number of compounds during FY-68 werc cerried into FY-68 by
virtue of an extension of the contracts without additional funds, and hence
the money put on their contracts is not reflected in the FY-69 budgct.

found to be most fruitful, namely on the sulfur or ﬁitrogen atoms, in
search for better antiradiation agents, has continued. Thus, the N-o& .1
group of the amincethylihiols, Bunte salis and phosphorothiocates _ka  cen
modified by whe introduction of an srray of funciionslity in the terminal
position, e.g.,awmines, alkyl ethers, aryl, subshifuted aryl, aryloxy, aliz)<
lic, . halogen, guanyl, heterocyclic, heleroaryl, hydrazide, hydrazine, hydra-
zone, hydrorxylamine, nitrile, oxime, and thiol. During this reporiinz perind
increased emphasis has bsen put or the search for sulfur-blocking groups which
may facilitale transportaticn or distribulicn and be physiolegieally labile

to release an acltive sminocthanethiol moiety. EFExamples of new sulfur blocked

P . . N P
Modification of the 2-aminoethanathiol molecule{2Ti)on the two positions
n

dithiophosphinates, thioheriacetels, sulfinamides, perihiccerbamates, perthic-
acetates, trisulfides, tetrasulfidss, acyldisulfides, thicorsonsules, snd swl-

d
fenylisothioursas. A numbcr of other novel sulfur-blocking groups are bei
studied but actual compounds contairing them haje not yel been synthesdzed.
The blocking of the sulfur of the MiA moiely as an unsyrmetrical alkyl di-
sulfice, an unpromising device studied some tine ago, hes Laken on new sig-
nificance by virtus of the functionulization of ths alkyl group. This will
be discussod bolow.

Work has continued on the synthenis of elpha mercepio- ond thiosulfate emie
dinfum salts, The corrvesponding phosphorothiontes huve proved to be Qifficult
to obtaln because of instability but the parent cumpound has now bosn syailho-
slzed. Nitrozen substituiion in the emidine sexies huy contered on saidine-
alkyl moiuties, ihe terrinel emidine bring cyclized, e.g., as on imiduzole and
benzividazole. lIncre2se in lipid solubility has Leen achicved by tho incor-
poration of a terpenold moiely on the umidiro nitroge:n. Interesting uciivity
wug obteined in this area which again urphasizes the gpprreent Srporisnce of
& hydrocarbon moiety of about 10 eactan atons in converring lindd solubility
ui:htactivity, regzardlass of the actual atructvral netuve of ihe hydrouvarlon
molety.
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Work on “he introduction of silicon inko poltential antirads as a means
' of changing solubility, distribution, electronegativity, ete., has
proved to b disappointing insofar as the production ol active com-
pounds is concerned and this work is, therefore, being phased out,

Another potentially imporitant arvea, viz., the cyelopropyl and cyclo-
butyl mercaptoaminzs, also was a disappointmani, 7The chemistry proved
to be intractable an! bayoad the capzbility of the investigator and
has been discontinued,

The outstanding developmzuls insofar as structure..activity velationship
is concernad are the outstanding activity created by funaotionalizing
the butyl moiety used to sulfwwr-block Neacetylawinozthanzthis? as an
unsymnztrical disvlfide, ‘%hz compound is WR-76843, CHCONICH,CHLSS(CH,) -
80,Na, Thz aminoalkylaminoalkylphosphorothioates COnLanu to be of oui~
standing interest in ths water-goluble zativad eliss, Perhaps tha wost
stgnificant {inding in “his area is ths diszovery o£ ih* high cetivity
of the amiudralkyl-substituled aminopropyl PWW:U!OLOithdt->. Vith the
possible exception of AET and Aﬂr this is th=> fivst class of compounds
§ ia the entive prograzm In which an aminopropyithiol lderivative hasz
i equallel o¢ surpasszd the acg)v1ty of the correspoending aminoestby'thiol,
; Another breakthrough is in th2 incorporation of heterozyzles in aztive
| compounds, It Ly been found that amino:thannthiosulfuric acid with
: an N~§&1"7‘7'°UbSthu-?A pvridiry]ovaIKV)) bstituent iy highly aetiva
5 i1 Yhe mouse screan, This is significart bazawse it is th2 first »vow-
ising lead in wzhizh heterocveles are irvolvad ind may indic: e that the
role of haterocyelzs in designing aatirads is being elucidatad.  TIsowvr-
ism in this class apprars to play an iampoctant role in determining
activity,

B. Ocganic Lahoratovys Our intervest in S-mathyl derivatives of
thioureas hf?“'??jgziy Ted to the devalopwznt of a schems wharsby thio-
urcas can be clasaifizd accovding te the cwtent of N-gubstitution, but
has also resulied in the dxacov*ry of several w2y veactions which way be

us+Zul in %he synthasis of antiradiation agauts,

1-(2-Hydroxyathyl)-2-amathy)-2~thionsaudoureas (1) have bean noted to
f elim’nate wothyl m=rc«ptnn on hiating, The evalutise of pethyl wrocap-
; tan is acspacially rapid when the thiourea §s swbstituted with a phenyl
f or a banzoyl gronp ju tha 3-position, The interradiatzz ware found to
here eyelized giving 2~anino-2-ccanlinis (LD. $ixeranboved aamologs,
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2wamino~2-dihydro~1,3-oxazinzs, have also been prepared from 1e(3-hydrowy-
propyl)-2~thioureas.

The S~mzthyl derivatives of 1l-ocoetyle and lebenzoyltniouren (III) have
been found to unlergo reactions with h*irOVy]i' compounds. With primary
aleohols, mathyl wercaptan is eliminated giving th2 corvesponding anyl-
urea (IV). Secconlary

on§oHy  weow  § P
R~C~N~u-i~.1, + CHal et RS- SCow- Ny semet> ReCmN-Colil, * T3S
H & 1o H
II1 1V

alcohols give risz to mixtures of the acylurea anl the acyl thiccarbamate (V),

tha latter being forwezd by the elimination oI anwmoniwma fon., Tertiary alcohols

0o 0
i &
R-C~i-CSCil,
1l
v
and water jgive V almost exclusively., The other puroducts of this complex
reaction are beiny investigated to detacwmine its mechaalan,

When the S-uathyl derxivative ol banzoylthisurea wos heat2d fox soveral dags
in acetonitrile to deternine its stability in that solvent, & 2yclized pro.
Juet (VI) was forwaed in good yisld., 'This represants th: syuthasis of
metrical

N.
CeHs <z \‘-50”3

\, /N

CH, Vi

tciazine with a substitution pattera not veported previously. This reoesSion
has also bonn successfully Leied with teichlovoscatonitrile as w:ll as with
the frec base form of the S-iathrlthiops.udoures,

Further use of S-mxthylihiourcas has been in the daveloprani of a now e e
eral synthasis of s2lenouveds. Ry perforwing thr wucleophilis displuceront

-

of the -3CH; group by selenide fon at P& it ia passible to fosm salensureas
in modarately good yialds. 1,1,3,3-%eips wn iy de2esolanourca (VI1), vopovicd

-.e

previously to bz obtajuablz in only 5% yiald, wus made caxily by oo

. SCH:* vs. G&’ &
» »y .. S " -
(CNy )z N-C=3{CHly )5 4CH,Y ..‘.gcu;,u»c é.(cn Da = (City )y tiGati(Giy), ¢ SHLon
Vil

n:¢ zathed fn 705 yield, Tnis reaction also pives uasvhetituiad, wono-,
di- md tricudetiivted selan swrens, BY sriforalng the sslenida djepicessoi

Q2
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Evaluation of Chemicals for Antiradiction Aetivity

A. 'The Rodent Testing Program

The primary sacreening test in which new chemicals are evaluated for anti-
radiation activity in the mnouse system, in which anim2ls are lethally
irradiated following administration of the test compound, and 30 day sur-
vival is recorded to evaluate the protective activity. Primary screening
in rodents is performed in three laboratories: The Woodard Research Corpora-
tion under the direction of Dr. Marvin Bleiberg and Dr. ilenvy Horn, the
Toxicology Laboratory of the University of Chicago under the direction of
Dr. Kenneth DuBois, and the Walter Reed Army Institute of Research. The
Walter Reed test facility screens new compounds specifically synthesized
for antiradiation testing and pevforus secondary tests on those compounds
identified as active by the two other laboratorics. The following table
summarizes the testing perforwed in each of the three laboratorics during
the past fiscal year.

Number of Coumpounds Nunber of Compounds with
Tested Radioprotecctiive Antivity

Woodard Laboratories 858 33
Universitv of Chicago 113

Walter Reed _he7 . 129
TOTAL 301

A compound exhibiting radioprotective activity on primary test is
irmediately retested in the same laboratory and a sample transmitted for
confirmation to one other laboratory. Follewing confirmation of radic-
protective activity, active compounds are further evaluated {or effectivae-
ness by oral administratio., effecctiveness at reduced drug levels, duration
of action, dosc reducticn factor, effectiveness in combinatien vith other
antiradiation agents, cte. As much data as possible ragarding the acute
toxicity and pharmacology of the agentare collected and recorded at the
time of thc primary test. Prior to the tecsting in lethally ivradiated
mice, an acute toxicity study is perforwmed in which gross clinical sywptoms
are obscrved and recorded, and estimates of the Lbge/10 days and “maximuu
toleratad dose™ are wade. Toxicity, as well as antiradiaiion activity, is
considered in sclecting agente for further cvalvation in rodents and in
other spccies,

Many of the drugs for the antiradiation sercening program ave tested at
the Woodard Research Corporation. All active agents (those avents afford.
fng greater than 337 protection to mice) are reevaluated by the Redent
Testing Scetion of thu Division of Medicinal Chandstry. In soms cases,
where quastionable results wire obtaincd by HWoodard, cumplete cvaluation
of compounds was accoaplished {neluding prelininary toxiefty tosting.
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OF the 38 aclbive compounds rebested by WRATR, 17 (W3%) of fered little or
no preotection.  Cowmparable rosulis vere oblained on the balance of the
compounds by the two laboratories.

A possible ceplavoiion Lfor discrepancy in results might be associated

with diffcrences in wouse straine and techinical compatence.

The search for new strains of nice suitable for doing screening progréans
was conlinved, Oulside mousc scurces arce s¢ill being assayed in the hope
of finding a strain suiteble for use in the drug scrcening program, TCR
strairs (females, & - 9 weeks 01d, from scveral sources (Forest Clen,
Charles River and Manor Farws) werce all assayed for their respensce to
lethal radiation.

Pesults showced that the ICR wice from Forest Glen were still quite hacdy
with a consistent dzath patiere (8 - 15 days)., Very few early deaths

were noticed. The uew strain of "Astroe”™ miee from Charles River - (COBs -
Cacsarean originated, barricr - susizined apneared to be wore satisfactory
than any of the new strains so far screcucd,

tanor Farme mice which had previously beon used with success by the Woodard
laboratory in their screecning piviran, were no louger suitable. Early
deaths, 3 - 5 days, have groewn progressively worss

Table }. !adiaticn sensitivity (LD, 30) of some strains of female mice
¢xposed to Cobalt 60 jrraliszstion.

Strain Age LD,, ¢ 2 S.E. (Rads)

e o e e -t . - ——

ICR/FG 8 - 9 wis 813
Manor Faros 8 - 9 wis 760 =
Mannr Farus 9

ICR /LR 8 - 9 wks S00
(Astro)
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ICRACR 6 - 7 wks 740 = 14
(nnt prthogen
free)

In addition to the sercening progran, the folloving ancillarvy sorviees
are provided;

1. Naintensnee of a mousa malaria strain (P, berghel) for the
Divigion of Nuclear Madieine for their spocial studies,

2. Assistnrce to olber investizators with thelr studies on vadia-
tion protection, Cellilbovative studies with the Division of Nucloav
Medicine fncluds:

(=) ndiatisn and strers evporincnts (Cinkaber, ot al).

PR




(b) PRadiation and drug antagenism studics, (Mahin, et al).

(e) Radiation and drug protection in germ free micc.

All drugs, as well as preparation of some, and pertinent data regarding
drugs are supplied by thec Rodent Testing Scclion of Medicinal Chemistry,

B. Bacterial Testing Program

A screening test in which E. coli B/r are irradiated in the presence of
test agents for determinaijon of radioprotective activity was conducted
at the Woodard Research Corporation under the direction of Dr. Daryl! Bates.
The screen was initiated with the hope of providing information uscful in
interpretiry test results in rodents., Results in bacteria which either
contradict or confirwm rodent test results might suggest possibie mechanisis
i of action, particularly with respect to agents which wight be active
in the mouse solely through a pharmacolegic mechanism. Pudgct limitations
and 2 less than hoped for correlation with the wmouse screening system re-
sulted in termination of the bacterial test program in November 1967.
Since the beginiing of the bacterial screening system, 9327 compounds have
been tested, including 1097 tested during fiscal year 1968&.

C. Radiation Exposures in large Animals

Chenical agents exhibiting significant radioprotecctive activity in the
rodent screening test have besa.selucted for evaluation in dogs, monkay
or swine. Those compounds protecting mice at dose levels wall bzlow tha
maximum tolerated dose are of particular interest. Comnpounds protecting
wice only at doses near toxic levels have infrequently exhibited protective

activity in the larger animal specics.

!_,)

A preliminary toxicity study was performed in each spacies prior to the

use of a new agent for radiation studies. Tre chemical was first admin-
istered in graduated doses to a few animals to determine the maxinum
tolerated dose. The initial radiation study was generally parforaed using
the highest possible dose level, administer=zd intravenously. Gross

clinical marifestations ware observed and recorded. Yn additien, pharaeace.
logic studies in anesthotized dogs wore parforwed to characterize particularly
the cardiovascular clfects of drug administration at ov near the redio-
protcctive lcvel,

Radiation cxposures were performed using 2 Triga Mark F RNucleav Heactor.
Exposuces ttere wide possible throvgh the cnﬂp&rdtfnn of the Dianond
Ordnance Fusae Laboratory reactor stalf vnder the divection of Mr. Walter
Giesler. Animals werc exposed in the wood-lined exposure room adjreent
to the reacter tank, 7The vuou i35 20 ft, Ly 20 ft. in diaweter with a 10
ft. ceiling., Animals were confined duving irradiation in rectongular
lucitce exposure ecages arranged in a four eage arvay paralla) te the giman
I1sodos: curve produced by the roactor £luc. The dwlividual cages one
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TABLE I

-Dog Studies

w2721 .

n'u"(cna )3lm- (Clla ) 33?03“3
200 ug/kg IV
30 Min pre-rad

150 mg/kg IV
30 Min pre-rad

?R 81‘86
HO-(CH, ) ,NH(CH, ) ;SPO,3H,
$00 mg/¥g IV
30 Min pre-rad
WR 36978
CH, -ca-g—cn,-m(ca,),spo,n,
Hy
5 mg/xg IV
30 Min pre-rad
WR Sla4
u'cnz“(cng ) 3-118(31!3 ) 38?03“3
200 ng/kg 1V

30 Min pre-rad

250 mg/xg IV
30 Min pre-rad

WR M4923
.’.' (cla ) ;lﬂ((mg ) 38’03“3
200 ng/kg IV

30 Min pre-rad

100 mg/kg 1V
30 Min pre-rad

% Survival

83 (5/6)

50 (8/16)

0 0©/9)
67 (6/9)




Table T - Con't

WR 4245
I
(CH, ) ,NH-C-CH,S,0,H
20 mg/kg IV
30 Min pre-rad
WR 7467

s CH, ), -CH-CH,NH(CH,) ;S, 0,1
C.H,

20 mg/XKg IV
30 Min pre-rad

WR 3342

CH,) N, (CH, ), 8,050

10 mg/kg IV
30 Min pre-rad

WR 19635

o |
cuaén-cn,-s-s-cu,-cu-cna

150 mg/kg 1V
30 Min pre-rad

WR 2861
-Eﬂa
NI,C-(CH,) ;NH-CH-SH

200 mg/kg 1V
30 Min pre-rad

o3l

Ld

R e M b Ry SRS 7 O b TP 0 ST Tt g se SR

Toxic % Survival
Deaths
1/9 11 (1/9)

118 6 (1/18)

0/8 0 (0/8)

0/ 1 (/9

0/9 0 (0/9)
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- ' Toxic '
" Deaths | % Survival

WR_85562 | | - .
| cl(cu,),-b |

200 mg/kg PO
45 Min pre-rad 0/6 0 (0/6)
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DrugﬁCombiﬁation

WR 2727 100 mg/kg IV
WR 44923 100 mg/kg IV

WR 5144 200 mg/kg IV
WR 44923 100 mg/kg IV

WR 2721 100 mg/kg IV
p-amino- 5 mg/kg 1V
propiophenone

“3“ C-CH;CH;

TABLE 1 I

Dog Studies

Toxic

Deaths % Survival
0/15 53 (8/15)
3/9 33 (3/9)
0/9 78 (7/9)




TABLE III

Swine Studies

WR 2950
CH,(CH, )oN .HC1
200 mg/kg IP 30 Min pre-rad
1000 mg/kg PO 65 Min pre-rad
1000 mg/kg PO 90 Min pre-rad
WR 2822
H,N(CH, ) {NHCH,CH,SPO, H,

100 mg/kg IP 30 Min pre-rad

257

Toxic

Deaths Survival
3/6 17% (1/6)
0/3 33% (1/3)
0/3 0% (0/3)
0/6 17% (1/6)
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than intravenously as in the dcj. Other conditions of radiation remained
unchanged. WR 2950 was toxic in the dog at 20 mg/kg. Swine were found to
tolerate approximately 10 times this dosage. The compound, however, failed
to significantly protect pigs following either the IP or oral routes of
administration,

WR 2822 closely related to the very effective WR 2721 could be tolerated
by the pig at twice the level found toxic in dogs. Again the compound
failed to protect swine at 100 mg/kg even as it has previously failed to
protect dogs at 50 mg/kg.

D. Related Studies with Antiradiation Drugs

Liver Perfusions

Nitrogen mustard mimics the effect of radiation on cells and has been used
as a substitute for radiation therapy in cert.in neoplastic conditions.
Several of the drugs effective in protecting against radiation effects are
also protective against the action of nitrogen mustard.

Hepatic neoplasia is generally considered an inopcrable condition. Classic
treatment has been perfusion of the organ with nitrogen mustard, a
technique which produces gross insult to the normal parenchyma as well

as the ncoplastic cell. Breedis and Younz (Am. J. Path 30: 969-977, 195¢)
demonstrated that malignant neoplasms growing_in'ihe liver tend tc acquire
an exclusively arterial blood supply, regardless of the route by which
tumor emboli reached the liver. In contrast, normal parenchyma receives
blood primarily via the portal circulation. The two distinctive circulavory
patterns of the neoplastic liver cnable one to be selective in perfusion

of the organ. Nitrogen mustard introduced via the arterial route should

ge primarily to the neoplasm and hepatic tissues adjacent to thenm.
Introduction via the venous route of a nitrogen mustard antagonist should
protect the normal parenchyma. It was the purpose of this study to see

if the normal parenchyma could, in fact, be protected against known

lethal doses of nitrogen mustard.

The experimental sudjects were mature, hcalthy, purebred Beagle dogs in
the 9 to 12 kilogram weight rangc. Following ancsthesia, entry was made
into the abdominal cavity and the portal vein, hepatic artery, gastro-
duodenal artery and vein, and bile duct were isolated. The gastro-duodenal
artery and vein were cannulated, the latter cannula extending into the
portal vein. Umbilical tapec was placed around the portal vein, caudal

to the point where the vencus cannula entcred the portal, to facilitate
future blockade. The femoral artery was fsolated and a dalloon catheter
inserted to a point just anterior to the coeliac artery. Surgical prepara-
tion for the parfusion was complate at this point, with two patent
catheters, onc each fn the gastro-Juodenal artery and the gastro-duodenal
vein; ligaturcs or clamps ready to provide temporary blockade of the
hepatic artery, bile duct, and portal vein; and a balloon cathater roady
to provide blotkade anterior to the cocliac artery.
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The level of nitrogen mustard to be utiliz.d was determined on a series
of 18 dogs. Results are shown in Table A . Drug levels of 0.5 and
1.0 mg/kg resulted in 100% survival; drug levels of 2.0 and 3.0 mg/kg
resulted in 100% dzaths in five days or less. The level of nitrogen
mustard selected for use in combination with the protective drugs was
2.0 mg/kg.

Table A Response of dogs to nitrogen mustard liver perfusion

ng/kg Sutvivors Day of death
1.0 2/2 ———
2.0 0/7 3,3,4,4,4,5,5
3.0 0/7 1,1,1,4,4,4,4

For perfusion of the liver through the venous system a drug combination
of D-L-threo-3-2(2-mercaptoethyl) amino-1,2,4-butanetriol hydrochloride
(VR 2347) at 30C mg/kg and cysteine (WR 348) at 400 mg/kg was utilized.
Structures are indicated in piguresI and 2 .

uo-cn,-'cmfm-cnzou Figure 1

H NH-CH,-SH

+HC1

DL-threo-3-(2-mercaptocthyl) amino-1,2,4-butanetriol hydrochloride

H,N-fH-CH;—SH Figure 2
COOH

1-Cysteine

Seven dogs were given the drug-mustard treatment, each dog having its own
conitrol which received nitrogen mustard and isotonic saline..

Following inflation of the femoral balloon catheter, blockade of the portal
vein and the bile duct, perfusion of the liver was started with the WR
drug combination via the gastro-duodenal-portal vein route. Between one
and two minutes later the aitrogen mustard was started via the gastro-
duodenal hepatic artery route. Mustard administration was completed in 10
to 15 seconds. The WR drugs required about 5 minutes for complete
administration. The liver was kept isclated for an additional 5 minutes
to assure complete neutralization of the mustard befcrc release to the
general circulation. Following the perfusion, removal of catheters,
restoration of the affercnt hepatic circulation, and removal of the aortic
block, routine closure was performed.

" A drug combination of WR 2347 at 300 mg/kg and WR 348 at 400 mg/kg vas

successful in protecting the liver agninst the 2.0 mg/kg level of nitrogen
mustard in 4 of 7 dogs. The four survivors were sacrificed on days 41,
41, 48 and 56. One animal sacrificed on day 41 exhibited a slightly

.
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yellow friable liver with an atrophied right lobe. The remaining 3
animals showed livers grossly normal in appearance., The three animals
which failed to survive the drug-wmustard combination exhibited post-mortem
lesions similar te those of the control dogs, i.e., severe liver nec.osis
and accumulation of sero-hemorrhagic fluid in the abdominal cavity.

The number of survivors is not felt to be the significant point, but
rather that normal cells can be protected sufficiently in order that they
may recover. In the neoplastic liver the effect of the mustard should

be primarily on ncoplastic cells while the protective drug action should
be primarily on the normal cells. Such a situation offers distinct

possibilities for the drug therapy of hepatic neoplasis, Further experiments

are in progress.

Primate Antiallergy Drug Study

DESCRIPTION

The transfer of allergic antibody (reagin) from man to other primates has
shown to sensitize the skin of other primates. Administration of antigen
will produce a reaction in the sensitized animal. By injecting the reagin
containing sera intradermally, the reaction can be localized as a wheal

or erythemia. Intravenous injection of Evans blue dye results in a circum-
scribed blue area due teo extravasaticn of dye at the sensitized site.

Since reagin has been shown to be thiol sensitive, it should be sensitive
to certain thiol containing antiradiation compounds. 1In this procedure,

1 ml1 of Reaginic sera from clinical patients was injected intradermally
into mature, healthy Macaca wulatta monkeys. After 24 hours, the candidate
drug was given to the selected subjects. Thirty minutes later, both
treated animals and the untreated controls were given 2 ml of 1 percent
Evans blue dye and .1 ml commercially prepared antigen by intravenous
administration. Injection sites were checked after 15 minutes for color
change resvlting from extravasation of the dye. Interpretation of the
effectiveness of the drug was based on a comparison of the reaction in
treated animals with that of the controls. Intravenous injection of WR
2529 at a level of 750 mg/kg produced no reduction of severity of the
reaction. Administration of 250 mg/kg/day {or 3 days prior to administra-
tion of the antigen also proved unsatisfactory, however, when serum was
incubated with the drug pricr to injection, a less severe recaction was
noted indicating that reagin may be sensitive to the drug WR 15504
(mercaptoethanol) is presently under investigation. At present, it appears
results will closely parallel those of WR 2529. '

The Effect of D-penicillamine on the Immune Response

D-Penicillamine is a potent chelating agent used in Wilson's disease,
(1) rheunatoid and degencrating arthritis (2) and cystenuria (3,4).

Previous experiments conducted on mice in this lahoratory shoved that
penicillamine inhibitcd growth, produced severe neurclogical disorders,
and death, It alsa resulted i{n changes in the connective tissue proteins,
collagen and elastin. Decreased collagen synthesis occurred. Half of
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" this collagen is extractable in contrast with the very small amounts i
extractable from normal tissues. As a result skin tensile strength is
altered, along with an increase in skin fragility. f
In view of potential importance of D-penicillamine on the treatment of !
human diseases (rheumatoid arthritis, Wilson's disease, cystenuria),

experiments were designed to study the effect of D-penicillamine on the

_immune response of mice.

When rabbits were treated with D-penicillamine, the immune response was
suppressed (5). Herd and Orbison also showed that in rats fed BAPN,
and made lathyritic, there was no difference in the immune response (6).

Female weanling mice 3 - 4 weeks of age, ICR strain,were fed diets of
ground Purina .chow containing .5% D-penicillamine. Appropriate controls
were fed the same standard ground mouse biscuit without the drug. Supple-
ments of Vitamin B6 or copper were not added although reports in the
literature have shown the antagonistic effect of penicillamine on Vitamin ;
B6 (7,8) as well as its potent chelating effect on copper. Mice were fed
D-penicillamine daily for 5 weeks. Daily weights were taken and food

consumption was calculated from the total food intake per cage.

The weight changes of wice are shown in Table B after 5 weeks on diets of

either D-penicillamine or ground Purina chow.
Table B
. Wt at start Wt at 35 days g £d cons.
Group (g + 8.E.) (g + S.E.) per day/mouse
I Penicillamine : 11.8 & .3 21.75 & .43 3.8
I1 Penicillamine 12,2 = .6 22.90 = .50 4.0
III Penicillamine 10.85 # .25 22.00 &£ .33 4.2
IV Control - 11.40 + .30 23.10 £ .60 4.5
V Control 11.80 2 .30 26.0 £ .70 4.0
VI Control 10.70 ¢+ .60 23.13 2 1.5 h.2

At 35 days following start of experiment, appropriate groups of mice were
exposed ‘o a lethal dose of Co-60 gamma radiation. The mice were dis-
tributed into the following treatment groups:

I .5% Penicillanine (No radiation) (10)
IT .5% Penicillamine + 950 Rad Co-60 (18)
JII .5% Penicillamine + 950 Rad Co-G60 + rat bone marrow (20)
IV Control diet + Rads Co060 (15)
V Control diet = 950 Rads Co-60 + rat bone marrow (19)
VI Control diet (No R)

The mice,aftur exposure and treatment, were maintained on the respective
diets until the termination of the experiment. Rat B.M. cells were
suspended in Hank's solution and .5 wl of the suspension (equivalent of 1
rat femur,.sousc) was injected intravenously 6 hours post exposure into the
appropriate groups.




Daily mortality checks of the mice were made as well as careful scrutiny
for evidence of graft rejection in those groups given the heterologous
bone marrow.

The mean survival time of all groups was tabulated and results are .shown
in Table C , There wereno significant differences between the two treatment
groups.

Table C
Treatment MST S.E.
Penicillamine + 950 Rad 11.65 2 4.7 days
Penicillamine + Rad and BM 23,0 = 4,7 days (0 surv at 60 days)
Control + 950 Rad 11,46 + 4,5 days
Control + 950 Rad + BM 24,7 % 6.0 days (2 surv at 60 days)

Weight changes following irradiation showed the typical pattern.

Table D
Treat R day R+ 7 days R + 14 days R + 21 days R + 28 days
Pen (NoR) 21.75 & .43 23.1 2 2.2 24.1 % .6 25.25 25. 65
Pen + 950 R 22.0 + .33 18.2 = .27 - ——— -——
Pen + 950 R
+ Rat BM  22.9 & .50 19.1 & .44 17.8 & .8  18.3(10 17.5¢3)
Cont (No R) 26 & .7 25.5 = .6 26.7 = .5 27.0 28.10
Cont + 950 R 23.1 # .6 19.9 2 .71 --- - -
Cont + 950
+Rat BM  23.141.5 20.3s.8 20.8:.8  19.0(1% 20.4¢6)

All groups showed a decrease in weight. The penicillamine groups appeared
to show the greater loss. In the bene marrow treated groups, the weights
tended to be stabilized for 14 days to 21 days. At this time, the
surviving mice began to show signs of graft rcjection. Typical symptoms
were apparent (diarrles, hunch backed appearance, respiratory difficulties,
etc.)- Slides of the blood taken at this time showed the presence of very
few rat cells and almost all mouse cells. Those mice which appeared
normal showed granulocytes which were pred - minantly rat cells.

At 30 days after irradiation the number of survivors in the penicillamine
group was 3, vs 5 for the control groups. By 60 days all of the
Penicillamine treated mice were decad while only 2 of the mice on the
control diet survived.

From the results of this preliminary experiment, it would seem that
there was no apparent difference in the imnune response of the two groups.
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I11. Pharmacology Radiation Program

A. The Pharmecology Department has prepared IND's on WR-638 and
WR-2529, Work on the IND for WR-2721 has also been started, WR-638
has completed its Phase 1 trial, Twelve volunteers tolerated 11,18
grams by mouth per day without any observable side effects.

The Pharmacology Dcpartment has continued exploring the interesting
pharmacological properties of a series of amino-alkyl-aminoethane phos-
phorothioic acids, A series of these agents had previously been found
to possess excellent radioprotectant properties when given as single
agents, When one combines these chemicals, their radioprotectant value
is additive, but there is no addition of toxicity. Since this was clear
evidence that toxicity could be separated from radioprotection, this
department decided to conc:.trate on studying the pharmacology of these
agents, This series of agents blocks the alpha adrenergic receptor sites
in dogs, cats, rabbits, guinea pigs, rats and mice. Until the present
time, thic effect upon the sympathetic nervous system had not been evi-
dent nor disclosed as a characteristic of an aliphatic series delineated
by the general structure HyN(CHy)wiH(CH,)nSY, where m and n represent
small integers (less than 10) and SY is a sulfur containing function
which can be metabolically convertible into an -SH group.

B. Blood pressure effects were studied in a number of species.
There are a nunber of drugs which have been reported to depress the blood
pressure response to catecholamines, but only a few families of drugs
cause “epinephrine reversal." The Indolethylamine Alkaloids (of which
serotonin, lysergic acid, ergot alkaloids, yohimbine and reserpine are
examples), the Benzodioxanes (of which piperoxan is an example), the
Beta-Haloalkylamines (of which dibenamine and phenoxybenzamine are
examples), the Azapetines, and the Benzazolines (of which tolazoline and
phentolemine are exauples) are the generally accepted families of drugs
that are considered to be alpha adtcnergic blocking drugs.

periments with WR-2822 /HzN -{CHy)y —N Cﬂzﬁﬂ -POgH HI WR-2833 I“ N-(CH )5

-CHyCH,-8-PO,I7 and WR-2824 /H, N2 () cnzcu ~S-POH/ cavsed epi-
nephrine reversal in dogs, cats, rabbgts. guinea ptgs. rats end mice.
They depressed (by 50% or greater) the pressor response to norepinephrine,
These agents cause only a slight hypotension (25 mmig) which Jasts approx-
imately 15 minutes, The blood pressure returned to normal values before
testing for blockade. This made evaluation of the blockade much easier,
The response of the blond pressure to {soproterenol, acetylcholine and
histamine was not modified by these agents, All animals were ancsthetized
with pentabarbital sodium and the blood pressure was measured directly
from either the femoral or carotid arteries, The onset of action was
approximately 45 minutes and by 60 ninutes there was classical epinephrine
revercal. This effecct lasted for over 24 hours {n dogs and over 36 hours
in cats. All drugs were administercd intravenously in doses of SO mg/kg
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(except in mice which were given 75 mg/kg) over a 1-3 minute period.
The pressor response to epinephrine could be surmounted by administra-
tion of doses greater than 10 ug/kg. However, 15 to 20 minutes later
there was still an alpha blockade to test doses of catecholamines.
This indicates that these agents are reversible alpha blocking drugs.

These experiments led us to postulate the following working hypothesis
to explain how alpha adrenergic blocking drugs combine with the alpha
adrenergic receptor site,

1, Known Facts: Phenoxybenzamine (Dibenzyline) is a powerful alpha
adrenergic receptor blocking drug which requires approximately 45
minutes to an hour for onset of its action. This action is not only
irreversible, but lasts for approximately 7 to 10 days.

WR-2822, WR-2823, and WR-2824 are phosphorothioic acids with a potential
free -SH group. Indeed, cysteamine -S-phosphate (WR-638), a phosphoro-
thioic acid derivative, was found by Herrigton et al.to be hydrolyzed

to cysteamine (MEA), a compound containing a free -SH group, and ortho-
phosphate., The reaction was rapidly catalyzed by highly purified
preparations of calf intestinal (duodenum) alkaline phosphatase. The
kidney, duodenum and liver are the most active tissues, These compounds
(WR-2822, WR-2823 and WR-2824) are reversible alpha adrenergic blocking
drugs,

2, Assumptions:
a. The alpha adrenergic receptor is a protein.

b. Since many proteins in the body contain free -SH groups, the
alpha receptor also contains these groups.

3. BHypothesis:

WR-2823 ] Phenoxybenzanine
CH
8 3
a, HoN-(CH,) -NCH,CH -S-?-OH -CH -G-@ (R,)

‘CHZO (Ry)

b, During first hour after admin- During first hour after administra-
istration, WR-2823 is suhject to enzymatd tion phenoxybenzamine is biotrans-
fc action (primarily in kidney, duo- formed in the liver to an ethylencm-
denum and liver): wmonium fon:

H y "zc\ R
HyN-(Gly)5-N-CH CH,-8  EZOH ’ +/

N\,

0
{c1caved)

2h5




c. WR-2823 is biotransformed to: Aziridine ring breaks leaving

H i

\\HZN-(CH2 5-N- CHZCHz-S%// phenoxybenzamine with a free radical: i

I l

YHHH HH Ry i
H M- (CH, ) g-N-£-(-S- G- CoN éi
Alpha Adrenergic \\“j;‘*;,kl é

Receptor (Protein S-E-C-N\\ g

HST containing free 4SH HH R2 i

d, WR-2823 reacts with

the free -SH bond on the phenoxybenzamines reacts with

alpha adrenergic receptor alpha adrenergic receptor
forming a disulfide bond forming a thiol-ether linkage
(which 18 a reversible bond) (which i1s an irreversible bond)

To test this hypothesis we synthesized H N-(CH ) “ CH -CH,-SH (which we shall
now call WR-1729) from WR-2823 and injected th%s compound fnto the dog to

see 1f we could obtain an alpha adrenergic blockade in a shorter time period.
Indeed, within 15 minutes we observed the blockade and the dose could be
reduced by 50% (25 mg/kgm).

C. Experiments last year were started in collaboration with the Department
of Gastroenterology, Division of Medicine, whereby we studied the effects
of WR-2823 on the isoleted rgbbit aorta, and the isolated ileum from guinea
pigs, rats and rabbits, WR-2823 blocked the alpha resnmonse caused by
epinephrine, norepinephrine and phenylephrine on the rabbit aorta, but not
on the {leum from any species tested. However, when WR-1729 was added to
the medium instead of WR-2823 we obtained blockade to both sorta and ileum
and the blockade to the aorta was established in & shorter time period.
These data strengthen our hypothesis.

D. Further experiments were performed to determine whether our preliminary
studics were correct last year i{n regard to the effects of WR-2823 in the
perfused dog hind limb, We confirmed thosc earlier findings, where WR-2823
blocked the decrecase in blood flow in the isolate dog hind limb caused by
small emounts of catechelemines, In fact, after pretreatment with WR-2823,
wve observed that epinephrine and norepinephrine caused an increase in

blood flow through the dog's hind 1imb in doscs that decreased the flow
during the control period,

E, WR-2823 converted the epinephrine and norepincphrine pressor resoonse
on the coronary arterics in the dog Langendorff preparation to & depressor
one, The onset of action was about 30 minutes, WR-1729 produced the

same effect ifwmadiately,
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F. This year a report from another institution demonstrated that the
positive inotropic action of the electrgcally driven, left guinea pig
atrium caused by doses of less than 10  molar of phenylephrine could

be blocked by phentolamine (an established alpha blocking agent)., We
began some experiments using the right spontaneously beating guinea pig
atrium, using either WR-2823 or WR-1729, Preliminary results show that
WR-2823 does not block phenylephrine while WR-1729 does block the positive
inotropic action to phenylephrine, We are now determining whether this
response 18 a specific or a non-specific one before stating anything
about alpha blockade.

G. Antagonism of norepinephrine by WR-2823 in the isolated mouse
spleen:

Ignarro (1967) reported that the mouse spleen contracts in response
to alpha adrenergic stimulation, This contraction could be blocked by
phenoxybenzamine, Higher concentrations of the catecholamine caused a
depression of response which could be antagonized by propranalol, This
system was used to test for the possible alpha adrenexgic antagonizing
properties of WR-2823,

METHOD: Sixteen adult female C57BL/6 mice were used. The animals
were killed by cervical dislocation; the spleen was removed and blotted.
The spleen was placed in a 50 ml bath and attached to a Sanborn force/
displacement transducer by means of hooks securad to the spleen capsule
using n-butyl-2-cyanoacrylate tissue adhesive. The resting tension was
maintained at 1 gn. The spleen was bathed with Krebs-Henseleit solution
at 37 degrees C containing 100 ug/L of propranalol and aerated with 952%
0,/5% CO,.

After the resting tension was stabilized (usually about 30 minutes),
acetylcholine (Ach) was added at 63 and 700 ng/ml in three consecutive
trials. Appropriate concentrations of l-norepinephrine (NE) diluted with
sodium bisulfite (1:1000) and EDTA (1:1000) in distilled water was added
in consecutive volumes of 0,1 nloto obtain a cumulative dose-response
curve over the range of 3 X 10 to 3 x 10" molar. Each concentration
of the amine remained in contact with the spleen for 180 seconds before
the next higher concentration of agonist vas added. The bath was drained
and replaced with fresh solution for a minimum of three washes. After
20 minutes, the preparatjon was tested for loss of autodesensitization
by challenges of 3 X 10°° molar NE and Ach (63 and 700 ng/ml)., When
sengitivity returned, a second cumulative dose-response curve to NE was
run, Following the return of sensitivity followi{ng this test, the bath
vas replaced with solution containing WR-2823 in appropriate concentra-
tions. Dose-response curves for NE were run 45 and 105 minutes after
initial contact with WR-2823 (these are designated as one hour and two
hour contact times - mean contact times)., Sensitivity to NE and Ach was
also tested between thesc latter two dose-response curves.




RESULTS: Maximum responses were cstimated ffom a modified Lineweaver-
Burk plot (Empirical fit: l/Yi = I/Yimax 10-(T°giEX)2

where Y,= response; Y = maximum response; b = slope; X = dose NE),
i imax

The resultant dose-response curves are shown in Figures )} and 2, Logit
trapsformation yields excellent linearity at concentrations of NE above
10"7 molar (See Figure A),

Concentrations of WR-2823 above 20 mg/L scemed effective in antagonizing
the concentrations to NE at one hour, The maximum contraction did not
appear to be depregsed by WR-2823 at one hour by any of the concentrations
used suggesting that the antagonism may be competitive, That equilibrium
had not been attained at one hour is indicated by the further depression
of the NE response at two hours, At this time, the maximum response was
depressed by 70 mg/L suggesting non-competitive or non-specific antagonism.

Responses to Ach are shown in Figure 3, The responses of the spleen to Ach
are depressed by WR-2823 at the time and in & manrer similar to the depres-
sion of the NE response, This would suggest that (1) 2823 possesses atro-
piné-like activity in potency equal to its anti-adrenergic properties,

(2) Ach acts indirectly in this preparation by releese of NE or (3) 2823
depresses the responsiveness of the spleen non-specificelly. No further
experiments were done to determine the most probable of these explenations.
Intuition would predict the latter to be the most likely, The slow equlli-
bration i{s consistent with slow diffusion of a polar molecule through e
1ipid barrier.

Conclusions: (1) WR-2823 antagonizes the response of the mouse spleen
to NE, (2) At 70 mg/L with 2 hour contact, WR-2823 causes non-competitive
or non-specific antagonism. (3) Equilibrium is attained slowly in vitro;
probably longer than 2 hours. (4) On the basis of these experiments one
can conclude only that WR-2823 antagonizcs the response of the mcuse
spleen to NE,

Experiments this year using WR-1729 wil]l be conducted to determine {f we
obtain more prompt alpha adrenergic blockade. The spleen has very little
activity in splitting of the phosphorothioate bond.

Reference: 1gnarro, L. J. The prcsence of alpha and beta adrencrgic
receptors in the spleen of the mouse Fed Proc 26: 401 (1967)
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FIGURE 3

EFFECT OF W+~2823 ON THTRESPONSE TO 43RTYLSHOLINE(Ach)
INLPEE ISOLATED M¥ISE SPLaxN,

63 ng/ml of Ach approvimates EDFor Norepinephrine (NE) .
700 nz/ml of Ach approximates ED For Norepinephrine (NE),
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H. Collaborative studics with the Division of Surgery, VRAIR, showed

that WR-2823 was able to antagonize the deleterious effecls on the micro-
circulation after 2 hours of hemorrhagic hypotension and the circulation
improved even further after epinephrine infusion. We, in our own labora-
tory, are going to use the thiol derivative of WR-2823 (WR-1729)to determine
its therapeutic usefulness in endotoxin shock and hemorrhagic hypotension,

I. Preliminary experiments in our laboratory indicate that ionizing radia-
tion interfered with the alpha adrenergic receptor beginning about 2 hours
after irradiation and lasting for at least 5 hours. This phenomenon will
be studied in more detail this coming year.

J. Primarily as the result of Maj. Vick's interest in the effect of snake
venom, & limited amount of work has been initiated using venoms as pharma-
cological tools. Maj. Vick has shown that heparin is effective in treating
the lethal effects of Russell!s Viper if given 30 minutes after injection
of the venom,
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* 11, Summary and Conclusions

The cheinical synthesis program has now conclusively demonstrated that
heteroeyclic modification of chemical structures is possible while still
retaining antiradiation action, The chemical program has therefore
succeeded in introducing conventional features associated with most
other drugs. Xt has also demonstrated that variations in the covering
functions make for appreciable differences in activity, We now have at
least thirty covering functions.

Prediction of Activity: As a result of synthesis of one covering
funetion, it is not safe for an appreciable number of other covering
functions, Therefore, the synthesis program alone is faced with a
factorially large problem, if one considers variation in the substituents
upon the nitrogen in conjunction with variations of substituents of
covering functions,

The biological program data have been reconfirmed by outside workers.

The production of sound test data requires a continuing high level
professional interest, One of the active compounds has demonstrsted a

very unusual slope in that small doses of the agent give some radio-
protection. Thus, for the first time vwe believe we have an agent which
will offer significant protection to people without observable side effects.

The Pharmacology Program has progressed to the point that additional
medicinal uses have been demonstrated for the antiradiation agents.
These additional uses in other aspects of medicine will not only broaden
interest in this class of compounds but make possible the participation
in the program by a large number of specialists who would be otherwise
unable to apply their specialties.
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Project 3A025601A824, IONIZING RADIATION INJURY, PREVENTION AND TREATMENT
Task 01, Ionizing Radiation Injury, Prevention and Treatment |

Work Unit 056, Protective effect of aminothiols against ionizing and
neutron radiation

Investigators.

Principal: LTC Dorsey T. Mahin, MC

Associate: LTC Charles R. Angel, MSC; LTC Lallayne R. Stromberg, MC;
LTC Merrill C. Johnson, MC; LTC Harold M. Swartz, NC;
LTC Hollis Bivens, MC (MMAS Course); MAJ Richard D. Farris,
VC; CPT Robert M. Donati, MC; CPT C. J. Klobukowski, MSC;
Edmund S. Copeland, Ph.D.; Albert Einheber, Ph,D.;
Stephen R. Heller, Ph.D.; Ma:;y M. McLaughlin, MS; Earl C.

Richardson, MS; Minnie H. Davis, BS; John I. Davis, BS;
Robert E. Wren, BS.

Description.

The overall objectives of this work unit are (1) to determine ihe
mechanism of radioprotective action of aminothiols through perfirmance
of studies utilizing a broad variety of methods; (2) to study absorption,
fate, excretion, and duration of effect of selected compounds with a view
towards their possible future use in humans; (3) to measure the effects
of treatment with these drugs, either alone or in combination with radi-
ation, on animal response to other types of trauma; and (4) to utilize
the available drugs of this class to explore the basic mechanisms by
which fonizing radiation damages biological systems. This work unit
overlaps Hork Unit 015, Mechanisms. Reports of studies under this work

unit are sub-divided into categories of animal, chemical, bacterial, and
tissue culture studies.

1. Animal studies.

The purpose of this subdivision is to measure and define some
aspects of the interractions of protective drugs with recipient animals,
but does not include pharmacologic effects which are the subject of study
in the Division of Medicinal Chemistry. Studies have been designed to
investigate the alteration of lethality induced by these drugs when their
administration is combined with other forms of sublethal injury, as well
as the interdependence of individual drugs in producing radioprotection.

2. Chemical studies.

In this subdivision, the purpose is to conduct studies which cstab-
1ish the precise chemical identity and purity of chemicals which have
been tested and shown to be radioprotective. Other studies are designed
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to elucidate the site~ and nature of chemical bondings between chemical
E:otectants and target molecules, and the relationship between these
nds and radioprotection.

3. Bacterial studies.

In the WRAIR Annual Report, 1966-67, bacterial studies were reported
which established a close relationship between radioprotection and the
. free padical production of ionizing radiation. Further studies have
been designed to examine the relationship between chemical structure and
radioprotective activity. A number of compounds have been synthesized,
and are currently being used in bacterial studies.

Other bacterial studies demonstrated that an aminothiol, MEA, pro-
tects against lethal damage produced by freezing bacteria in the presence
of oxygen. (See this report, 015 Mechanisms). Features common to injury
by freezing, drying, exposure to high partial pressures of oxygen and
exposure to ionizing radiation are being investigated.

4, Tissue culture studies.

Further studies have been performed to improve the quantitativz pre-
cision of replicate human lymphocyte cultures in vitro. Supervisory and
technical personnel changes have severely hindered the application of
:zz:istudy model to studies of radiation injury mechanisms and radiopro-

Oﬂ. )

ress.
1. Animal studies.

a. Effects o aminothiols on trauma resistance. (Dr. Einheber, Mr.
Wren, CPT Klobukowski).

It was reported (WRAIR Annual Report, 1966-67) that pretreatment
with several aminothivls increased mortality in mice subjected to Noble-
Collip drum treatment {MCOT). The sublethal effects of aminothiol and
NCCT treatment appeared to be additive. In aminothiol-treated mice,
the period of decreased resistance to trauma corresponded to the period
of maximum radioresistance. The a priori implicztion is that mechanisms
of radioprotection and depressicn of trauma resistance are related.
Therefore, it is important to determine whether these effects can be
differentiated.

In previous studies, it was noted that hexobarbital pretreatment of
mice protected them against the lethality of NCOT. Hexobarbital treat-
ment might, therefore, counteract the harmful effects of aminothiol
treatment. In order to distinguish between the effects of these two
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treatments it is necessary to prove that hexobarbital does not abolish
the radioprotective effects of treatment with aminothiols.

Experimental studies were designed to test the interactions of amino-
thiols and hexobarbital with NCDT. The results are summarized below:

1) The survival of mice subjected to ten minutes of NCDT was
increased by pretreatment with hexobarbital (100 mg/kg), decreased by
WEA T750 mg/kg), WR 2721C (600 mg/kg), or WR 638 (400 mg/kg), and
virtually unaltered by KR 2721C ?300 mg/kg).

2) As compared with nice given MEA (150 mg/kg), or HR 638 (400 mg/kg)
alone, survival after ten minutes of NCDT was increased in mice given

hexobarbital (100 mg/kg) in tandem with MEA (150 mg/kg) or with WR 638
(400 mg/kg).

3) In conirast, hexobarbital (100 mg/kg) given in tandem with
WR 2721C (300 or 600 mg/kg) not only failed to increase post-NCDT survi-
val, but actually decreased survival relative to that observed after
WR 2721C (300 mg/kg) alone or no treatment.

4; Mice pretreated with MEA (150 mg/kg), YR 2721C (300 or 600
mg/kg), or hexobarbital (100 mg/kg) were protected against the lethal
effects of whole-body irradiation. Hexobarbital was least effective,
;gg 300 mg/kg of WR 2721C was somewhat more effective than 150 mg/kg of

L

5) MEA (150 mg/kg) or ¥R 2721C (600 mg/kg) vas equally radioprotec-
tive vhen given alone or in tandem with hexobarbital ?100 mg/kg) in ad-
vance of ordinarily lethz) whole-body irradiation.

6) Trcatment of mice with MEA (150 mg/kg) or WR 2721C (300 mg/kg)
in tandem with hexobarbital (100 mg/kg) had 1ittlc effect on the hexo-
barbital-induced sleeping time; KEA prolonged it about 30%.

7) When mice pretre.ted with hexobarbital (100 mg/kg) alone or in
tandem with MEA (150 mg/kg) were subjected to ten minutes of NCOT (which
they survived) their respective slceping times were about 3 and 4 times
greater than observed in similarly pretreated nontraumatized mice.

8; Treatment of wice with either hexobarbital (100 mg/kg), MEA
1150 mg/kg), or WR 2721C (300 mg/kg), alone; or tandem treatment with
hexobarbital and MEA, or hexobarbital and WR 2721C, resulted in tempo-
rally and quantitatively distinctive patterns of change in colonic
temperature during six hours post-treatment. All treatments resulted in
marked reductions in temperature after treatment, Arrangement of the
data according to overali degree and duration of colonic temperature re-
duction gave the following decreasing order of effectiveness: hexohar-
bital and WR 2721C; hexobarbital and MEA; WR 2721C; hcxobarbital; MEA.
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9) Nontreated mice manifested significant and prolonged colonic tei-
perature reductions after ten minutes of KCDT. Mice pretreated with
4R 2721C (300 mg/kg), hexobarbitel {100 mg/kg), or hexobarbital (100 mg/
kg) and MEA (150 mg/kg) and subjected to ten minuiles of NCDT (which they
survived) showed greater and more prolonged colonic tenperature reductions
than occurred without injury. The patterns of change were distinctive
for the different trectments. The treatment groups arranged in decreas-
ing order of overall degrec and duration of colonic temperature reduction
eliciteu by NCDT, were: hexobarbital and MEA; WR 2721C; hexobarbital;
nontreated,

The observations that: (a) hexobarbital protected against NCDT and

conferred sore radioprotection; (b) 300 mg/ke of WR 2721C did not sig-
nificantly alter survival after KCLT and was highly radioprotective; !
and (c) hexobariuital in tandem with MEA overcame the deletericus influ- i
ence of MEA on post-NCDT mortality and was as radioprotective as MEA :
alone, demonstrate that chemical radioprotection can be disassociated

from susceptibility to trauma of this kind.

A1 chemical agents and NCDT caused significant reductions in colonic
" temperature. The rapidity of onset and the duration and degree of these
changes revealed distinctive patterns for the different treatments. How-
ever, these cnanges did not consisiently correlate with the influence of
the treatments on mortality after NCDT or whole-body irradiation. Re-
duced body temperature could account, in part, for the marked prolonga-
tion of hexobarbitai-sleeping time seen after HCDT.

Hexobarbital given in tandem with MEA or VR 638 had a beneficial
effect on post-NCDT survival, but a harmful effect in tandem with kR
2721C. Compounds WR 638 and WR 2721C are aminothionhusphates and MEA is
an aminothiol; therefore, this chemical difference alone does not appear
to be related to the opposite effects of hexobarbital treaiment.

b. Effects of aminothiols on wound healing in irradiated anirals.
(See thic report, Task (15, Wechanisms).

¢. Tissue distridution studies. (LTC Mahin, MAJ Farris).

Studies performed in the Division of Medicinal Chemistry showed
8 profound reduction of riudioprotection in mice treated with a small
dose of MzA |5 minstes after a radioprotective dose of ¥R 1607 {a chemi-
cal analog of KEA). Treatment with 5-15 mg/kg body weight (B4) of MEA
( a very low dose compared to the usua) radioprotective dose of 125-150
mg/kg B¥ ) completely eliminated radioprotection in mice that had re-
ceived 5 ma/kg EX of ¥R 1607 thirty minutes before irradiation. This
finding suggested the possibility that MEA treatment with less-than-
protective doses resulied in reduction of ¥R 1607 concentrations in
vulnerable tissues at the time of frradfation.
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A study was perforied in mice utilizing both 35S tagged and nonradio-
active forms of MEA and VR 1€07. No significent alterations in organ
content of the tagged protectants could be domonstrated to result from
prior or subsequent treatment with either compound, Although the results
of this study were incerclusive, no evidence was found to indicate that
pricw or subsequent treatwent with one compound significantly influenced
the tissue content of the other. For a variety of technical reasons,
the study was believed unrcliable and no attempt at interpretation
appears warranted.

2. Chenical studies.

a. Nuclear magnetic resonance (NiiR) studies on hindered rotation in
selenocarbamates and thiocarbamates. (Dr. Heller).

: In collaboration with Dr. D. L. Klayman, Division of Medicina)

i Chemistry, we have investigated the hindercd rotation about the C-N bond
3 in a number of substiiuted carbamates preparcd by the Division of Bio-

' chemisiry in connection with their antiradiation and antimalaria drug
prog:ams.

Proton nuclecar magnctic resorance (iMR) spectroscopy is being used
to study tie bonding properties of compounds of the type shoum below:

(ar—3 3

~.,
cn/

3

X=0, S or Se
Y = CH3, S$-CHy. C1, H, D or S-Na

The data obtained by high resolution and pulsed techniquas ere being
evaluated by computer using proyrams that calculate the rate of rotation,
activation energy, enthalpy, entropy and freguency factor. The pulsed
K¥R studies are being done in ccllaboretion with Or. T, Farrah of the
Kational Burcau of Standards.

b. MMR studies of the binding of eminothiols. (Dr. Heller). | '

As a part of the program to investigste ihe mechanisms of action
of aminothiols as radioprotective agents, 2 study of the binding of these
agents with nucleic acids and decivatives was underteken,

Puclear mag.ctic resonance (NMR) s~cctroscopy was used as a toed for
; studying the association of MEA with these compounds. HKEA (2-mercapto-
‘ cthylamire) free basc was used becavse in 2ddition to being the funda-
mental conpound §n the aminothiol ceries, its proton HAR spectrum is
relatively easy to fnterpret.
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thiols. (Dr. HeTler).

Since the purine (adenine and guanine) and prymidine (ihymine, uracil, }
and cytosine) bases are only slightly soluble in water at ncutral pH, no ’
information could be obtained under physiologic conditions.

~ During NMR studies of interaction of the raaioprotective drug MEA

with purine and pyrimidine nucleosides in D20 it was found that, in the

presence of the MEA, a specific substitution of a deutercn for a proton

occurred at the C-5 position. This reaction occurred only in nucleosides

with a C-4 carbonyl group. It was found that this substitution would j
occur with any basic solution, including NaOH, and did not specifically !
require aminothiols. {

Further studies are now in progress on the interaction between MEA and
nucleotides and polynucleotides. These studies require measurement of
the bonding conditions of phosphorus. Our instrument lacks the capability
to detect phosphorus bonding and these NMR studies are being performed on
the HA-100 spectrometer at the National Institutes of Health.

¢. The reaction of 2,2-diphenyl-1-picrylhydrazyl (DPPH) with amino-

Previous studies here and elsewhere have suggested a relationship
between the free radical scavenging and radioprotective properties of
chemical compounds. To test this possible relationship, DPPH, which con-
tains a relatively stable free radical, was reacted with a large group
of radioprotective compounds (especially aminothiols) and chemically
similar compounds. Methyl alcohol was chosen as the solvent because al-
most all of the materials used are readily soluble in it and many of its
properties are similar to those of water. The reactions were conducted
in deaerated solutions to eliminate oxygen effects. All reactions were
run at 20.0°C.

Preliminary results indicate that MEA and its radioprotective analogs
reacted as much as 1000 times faster than other nonprotective chemical
analogs. Preliminary results also indicate that the reaction kinetics
are complex. Simultaneous competing reactions are shown below:

RSH + DPPH ———> RS* + HDPPH ()
2 RS* ——> RSSR (2)
RS'+ DPPH > RSOPPH (3)

Reactions (1) and (2) indicate the simple radical reaction of CPPH
with a thio). Both the RSSR and HDPPH solutions are gencrally very
1ightly colored species (versus the dark purple color of a DPPH solu-
tion). Hence, colorimetric determinations of mixed solutions of these
compounds reflect the DPPH concentration and pormit direct measurement
of the rate constant,
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However, if reaction (3) occurs to any appreciable extent, the de-
crease in color o7 the solution is not directly a ruasurenzat of the
DPPH reaction with thiols. In order to obtain a true rate constant for
reactions (1) and (2), the relative and absolute concentrations of the
two components must be experimentally varied so as to establish the con-
ditions under which reaction (3) occurs to an appreciable extent.

To date, kinetic studies have been done on about 30 compounds; how-
ever, in practically all cases the extent of reaction (3) is not known.

d. Purity of radioprotective chemicals. (Dr. Lofberg).

Chemicals used in radioprotective studies are frequently impure.
Since the nature, amount, and biological effects of impurities atre
wually unknown, reliable interpretation of chemical radioprotection data
often is complicated and difficult, if not impossible. In order to over-
come this handicap, a program wes initiated to establish standards of
purity, to develop methods for purity assay, and where necessary, to
purify compounds used in radioprotective studies.

Most of the pertinent compounds ¥all into one of three major chemical
categories: 1) aminothiols; 28 Bunte compounds, and 3) aminothiol-S-
phosphates. Progress in this work unit is reported according to category.

1) Aninothiols.

(a) A comprchensive study was made of ampercmetric procedures
for purity assay. VWhile suitable in special cases, these procedures
usually were not satisvactory.

(b) Colorimetric assay techniques were investicated. Many of
the common methods such as the nitroprusside test, the fluoropyruvate
method and Ellman's procedure, have value in specific applications.
However, each has serious defects with respect to analysis of aminothiols
in general. The most useful colorimetric method is a variation of the
procedure (advocated by S. Akerfeldt) based upon the reaction of a thiol
with 2-chloromercuri 6~nitrophenol in a tug-phase solivent systom. The
loss of the 2-chlorumercuri,é-nitrophenol from 2 1,2-dichloroethane solu-
tion to a citrate solution of the aminothiol at pH 4 is directly propor-
tional to the amount of aminothicl,

(c) Another method proposed by S. Akerfeldt for identification
of aminothiols involved use of paper chromatogrephy. This method wes
adapted to tain layer chromatography. This technique involves the re-
action betwzen a thiol and 2-chlorumercuri,6-nitrophenol described in
paragraph 1), (b) above. Ar aqueous citrate buffer solvent (pH 8) con-
teining the reaction products was adjusted to phi 7.0-7.5 and spotted on :
Kodak K301-R plates. After drying, the plates were developed in ethanol- . g
vater mixtures. '

26Gh e :




. A 1155

2, T WD R

Rf_VALUES (AVERAGE OF FIVE RUNS)

Compound 100 % ETOH 3:1 ETOH:H20
2-aminoethanethiol hydrochloride 0.62 + 0.01 0.73 + 0.03
Reduced glutathione Less than 0.1 0.31 + 0.01
Cysteine hydrochloride 0.12 + 0.02 0.66 + 0.03

This procedure gave very satisfactory results in preliminary general i
testing and w#11 be studied further. !

(d) Gas chromatography also showed promise as a method for iden-
tification and quantitation of thiol compounds. It is necessary to make
stable volatile derivatives of aminothiols prior to chromatography. The

- derivative selected was the trimethylsilyl compound formed by reaction
with N,0-bis-(trimethylsilyl) acetimide in dimethylformamide solution. v
A dual-column, dual-flame gas chromatograph (F&M Model 810) was used.

The 6% SE-30, "Chromosorb G" columns were operated at 170°C.

REPRESENTATIVE RESULTS ON GAS CHROMATOGRAPHY

Compound Retention Time (Minutes)

& 2-aminoethanethiol hydrochloride 12.6
i;igi N,n-octyl 2-aminoethanethiol hydrochloride 22.8
o B N,n-decyl 2-aminoethanethiol hydrochloride 122.4
Tgﬁ * Mixtures of all three compounds listed abuve could be identified and

' quantitatively analyzed. Temperature programming will improve the pro-

cedure.
2) Bunte compounds.

Bunte compounds (R-SSO3H) can be analyzed by variations of the
procedure suggested by MacDonald. In this method, the compounds (as
strong acids) were titrated in pyridine solution against tetrabutyl
ammonium hydroxide. The end point could be determined potentiometrically
or colorimetrically. Results of this method are not yet available.
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- Copeland).

3) Aminothiol-S-phosphates. Potential methods for compounds in this

category are under study. Methods have not been selected or developed.

3. Bacterial studies.

a. Survival stucies on lyophilized bacteria. (Dvr. Copeland).

In order to obtain a viable test organism for use in dry-state
radiation protection studies, the bacterial strains, E. coli B/r and
E. coli B, 3 have been studied. It was found that, when Tyophilization
Ts carried out at -300C and the lyophilized bacteria are not exposed to
oxygen, survival levels in the range of 40 to 60 per cent can be achieved.
Three procedures were studied: (1? 1yophilization at -309C with no expo-
sure to oxygen, (2) lyophilization at 250C with no exposure to oxygen, and
(3) lyophilization at 250C with exposure to oxygen after lyophilization.
The results for E. coli Bg.y were 40%, 3%, 0% survival for conditions
(1), (2) and (3), respectively; whereas E. coli B/r gave survival levels
of 40%, 20% and 6%, respectively, for the three conditions.

b. Radiation protection studies with lyophilized bacteria. (Dr.

Bacteria were lyophilized from aqueous suspensions with MEA-HC)
and She resulting powder was irradiated in vacuo with appropriate doses
of 60co gamma radiation. Irradiation was carried out at 770K and the
bacterial preparations were studied at this temperature using ESR spec~
troscopy. The samples were then pulse annzaled at increasing temper-
atures and the transfer of radiation-induced free radicals from bacteria
to MEA-HC) was followed with ESR spectroscopy. The samples were then re-
suspended in aqueous solution and plate counts were made on solid madium.
Preliminary studies indicate that MEA-HC1 provides a 2000-fold protec-
tion to E. coli B/r irradizted in the dry state. ESR studies on the
same preparations indicated a 65 to 75% reduction in the E, coli free
radical yield with a corresponding increase in free radicals Jocalized
on the protectant, MEA-HC!. Studies arc in progress to quantitate
further the transfer of radiation energy from biolog®cal test organisms
to radioprotectants and to correlate this transfer with survival.

c. Radiation encrgy transfer studies in enzyme-wodel membrane
systems.” (Dr. Topeland).

Using electron spin resonance spectroscopy, studies are being
conducted to follow the radiation energy transfer between sulfur-con-
taining enzymes (ribonuclease and trypsin) and the rdified dextran,
Sephadex, as a functien of the degree of penetration of the cnaymes into
the racromolecular matrix of Sephadex. Solid state molecular mixtures
were prepaved by lyophilizing cnzyme solutions with suspensions of
Sephadex of different pore size. ODepending on the pore size, the enzyme




either nenetrates into the matrix or remains on the surface. Proliminary
results indicate that the degree of radiation energy trensfer increases
with increasing penetration. Transfer occurs from the matrix to the

. enzyme. This implies that enzymes imbedded in membranematrices may be

more radiosensitive than those absorbed to the surface.

d. Radiation protection studies‘with 1yophilized enzymes. (Dr,
Copeland).

Previous studies (European Journal of Biochemistry, 1:312, 1967;
and Radiation Research, in press) of energy transfer between proteins
and radioprotectants irradiated in the dry state are being extended.
Attempts are being made to correlate energy transfer (observed by ESR
spectroscopy) with the enzymatic activity observed after dissolving
irradiated preparations in aqueous media.

e. Relation between free radical reduction and radiation protection
by aminothiols. (LTC Swartz, Mr. Richardson, Dr. Copeland, Dr. Heller,
Dr. Lofberg).

*  Work reported in the previous HRAIR Annual Report (1966-67)
described a relationship between the ability of a compound to scavenge

free radicals and its ability to protect bacteria from ionizing radiation.

The results suggested a structure-function relationship. At present,
there are no useful data on structure-function relationships. Results of
such studies in marmals are equivocal because the form of the compound at
the time of protection can not be knowm. Accordingly, structure-function
studies using structural variations of the parent compound, beta-mercap-
toethylamine, are being performed in bacteria. The first series of ex-
periments with these compounds will investigate (1) the role of the thiol

group; (2) the role of the amino group; and (3) the effect of the length

of the carbon chain between SH and NH, groups.

Since many of the required compounds were unavailatle commercially,
it was necessary to synthesize these compounds. These and other (com-
mercially available) compounds were tested for purity and, if necessary,
purified (See Section 2, Chemica) Studies, part d above).

Basic compound.

(1) NtaCHyCH,SH

Thiol function modification.
(2)  NHpCHZCH,

(3)  (NHpCHyCHpS),
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(4)  NHaCHpCH,S-SO,H
(5) (6) (7) NHZ(CHZ)nS-SOZH n=3,4and5
3 (8)  NHpCHyCH,S-PO3H

Amino function modification.
(9) CH3CHpSH

(10) CHNH HaCH,SH

(11) (CH3)2NCHoCHSH

(12) P-NHCHpCHoSH

(13) (P)NCHaCH,SH

NG
N

1H2€HZSH
Variations of carbon chain length between SH and MHp groups.
(15) (6) (17) NHZ(CHZ)nSH n=3,4and5
Miscellaneous.

s
IZHS

Several of these compounds have been prepared and analyzed in quantities
sufficient for study and are being utilized as follows:

(a) Protection against killing of bscteria irradiated at 19C in
nitrogen and oxygen.

(b) ESR effects and protection against killing in irrodiated
tyophilized bacteria.

(c) ESR effects in lyophilized proteins,
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(d) Reactivity with a model free radical, DPPH, at 20°C. (See
Section 2, Chemical Studies, part b, above).

: f. Protection studies of bacteria irradiated at 19C in Np_and 05.
(Mr. Richardson).

The experiments summarized below compare protection and toxicity
factors for several aminothiol compounds. A1l of the compounds tested
are structure-function variants of the parent compound, beta-mercapto-
ethylamine (iHpCHoCHp-SH).

A suspension of Escherichia coli B/r in phosphate buffer was prepared
from a washed stationary culture that was grown in minimal media at 37°C
for 18-24 hours. Various concentrations of the compounds to be studied
were prepared in phosphate buffer and added to the bacterial suspension.
Aliquots of these preparations were equilibrated with oxygen or nitrogen
gas for three minutes prior to irradiation. Gassing was maintained
during irradiation. Nitrogen gas was freed of 0, contamination by
passage over hot (400-4500C) copper turnings and through several pyro-
~gallol washings. Bacterial samples ware exposed to a dose of 121 Krad
. irradiation in the Cobalt-60 Gammacell. This dose was chosen because

lower doses were not sufficiently damaging to reveal relative protection.
After irradiation, samples were r=lated on minimal media and, after 48
hours incubation at 370C, scored for colony forming ability. During
each experiment cell suspensions, compound solutions, and postirrad-
fation diluting solutions were kept at ice bath temperatures.

Protection and texicity data for each of the compounds tested are
summarized below. The toxic factor vas measured in irradiated cultures
as the ratio of survivors treated with a compound te untreated survivors.

1) Beta-mercaptocthyvlamine (MEA).

This compound was evaluated at concentrations up to 2 molar. It
was found to exhibit 50% toxicity at concentrations above 0.8 molar. At
the lowest conceatration (0.8 molar) affording maximum protection to
anoxic cells, MEA produced 2 10-fold enhancement of the protection
given by anoxia alone. This concentration bestowcd as much protection to
02-treated cells as anoxia alone, At KEA concentrations ncar 1.4 moler,
oxygen-treated cells were pratected by a factor of 1000. There was no
additional enhanceacnt of protection in oxygen- or nitrogen-treated cells
at MEA concentrations above 1.4 molar. At these higher concentrations
(1.4 molar and greater) bo.n oxygen- and nitrogen-treated cells had the
same turvival fraction.

2) H“?CHZCH:; .

This compound vas tested at concentrations of 0, 0.5, 1.0 and
2.0 molar. It was found to be nun-toxic in boih oxyyen- and nitrogen-
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treated ceils. Howaver, there ves sowe indication thal toxicity occurred
if the concentraiion of the coaipound wes not redvced by dilurion after
irradiation, There was no protection in nitrogen-ircated cells. A

thgee to five-fold increasc in protection was observed in oxygen-treated
ceills.

3) (NHCliyCHyS),. x

—— — o

This compound was tested at concentrations of 0, 0.1, 0.2, 0.4,
0.7, 0.9 and 1.0 molar. Toxicity was observed in both n1trouen- and
oxygen-treated cells at concentrations above 0.4 molar and was as high
as 70% in nitrogen and 90% in oxygen et 1 molar. At a concentration of
1.0 molar, the nitrogen-treated cells were protected by a factor of 10,
and the oxygen-treated cells by a factor of 1400. In both cases thz
maximal protective concentration (known to be greater than 1.0 molar)
was not tested. In view of the toxicity encountered, increasing the con-~
centrations of the compound probably would rot yieid meanirgful results,

8)  NHyCH,CH,S - SO.

This coiipound was tested at concentrations of 0, 0.29, 0.5 and
1.0 molar. Toxicity was obscrved in both the oxygen- and nitrogen-
treated cells at all concentrations tested. No protectien was found for
the nitrogen-treated cells. There was a ten-fold protection at 0.25
molar concentraticn in the oxygen-treated cells but sensitization occurred
at higher concentrations.

5) CH3CH2SH.

Th1s comnound vas tgsted at csncentrat1?ns of 0, 2 x 10‘4.
22103, 1 x 102, 2 x 107%, 5 x 10-¢, 1 x 10-1, and 2 x 10~} molar.
The compound cou1d not be tested at h\gher concentrations because of
its limited solubility. Toxicity was observed in beih pitrogen- and
oxygen-treated cells at corceniratigns above at 1 x 10~ molar. At
concentrations grecater than 1 x 107¢ molar 2 two-fold increase in pro-
tection was cobserved in nitrogen-treated cells. Ko protection was ob-
served in oxygen-treated cells at any concentraticn tested.

6)  (CH3)oNHaCHRCH,SH,

This compound was tested at concentrations of 0, 0.5, 1.0 and
2.0 molar. Mo toricity was observod in the oxygen- or nitrogen-treated
cells. Little or no protection was chserved in the nitrogen- trP ted
cells but a 1000-fold increase in protection was observed at ¥ molar
concentration in oxygen-treated ceals and produced the same survival
observed in nitrogen-teestad cells,
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4. Quantitative hvnen lymphocyte culture.  (L1C Juhnson, LTC bahin,

LTC Bivens, Hrs. Davis).,

An experiment was designed to allow statistical evalvation of tcmporal
changes in media content of glucose and lactic acid, and of cell concen-
tratior, among concurrently prepared cultures from four lymphocyte donors
and among replicate cultures from these donors.

Values for the three culture intervals studied are tabulated below.
The standard error is relatively low. Measured characteristics, as
expected, are different for each individual donor; however, vhen various
measurenents are plotted against time in culture, similar patterns and
absolute differences smaller than previously reported are demonstrated.

CELL COUNT AN GLUCOSE AND LACTATE CONTENT
IN DORIR LYMPHOCYTE CULTURES

—

. Time (Hours) in Culture
- Donor 0 48 12 9
* CELLS/mm3

A 600 416 + 17 599 + 3 557 + 27

8 600 398 + 19 697 + 38 702 + 39

c 600 320+ 9 596 + 18 538 s 21

0 600 540 1 19 : 772 + 26 739 + 64
* mgm ¥ GLUCOSE

A N2+3 0+ 1 1241 w3}

B N ¥4 0¥ 2 *3F 1 0% 0

c 14 7) 467 2 IR g% 1

D N3 4“7 w9 ¥ »57 2
* mgm % LACTATE

A 4241 79¢ 1 9+ 2 131+ 1

B 3571 817 1 123 % 2 1287 1

C a7 3% ) MIT 4 N T 2

0 97 80F 2 N T S 136 % 2

* Standard errors are indicated,
**Yalues below 10 mgu % are not accurste.
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An enalysis of veriance was vode from the cell count and laclic acid
data. Anslysis of glucose date v.e not done beceuse many values were
bolow 10 mum percent, and could 13t bo accuraiely measured, The varianre
in cell counts betwoen sludy periads was 39.24 and betueen donors it was
11.87. The respective P values vore ,001 and .01, The vaciance between
culture perieds foir lactic azid concentration was 369.30 and between
doincirs i1 was 3.28. The difference batween culture perios F is signif-
icant with a P of .001 but the "il{crences between donors were not sig-
nificant at the .05 level.

A formule promulgeled for hematolosical quality control and utilizing
differences between paired determinetions was used to generate coofficients
of variation (C.V.) on ¢~11 count data. Coefficients relating to (1)
precision associated with twe counts frosi a single aliquot, (2) precisions
associated with single counts on ¢ach of two aliquots from the sawe
culture, and (3) precision associated with sinjle counts on aliquots of tu
cultures from the same donor cre given below. Twelve pairs of deteriin-
ations viere used to generate each €.V, Eight C.V. determinations were
averaged to cusntitate precision in tho three arcas of interest.

COLFFICIERY OF VARIATION

- —— —— - —— . ——

- ~———

Average Range
{1} Two counts from one aligust 9. 7.6 -10.3
(2) One count on cach of two 2liguots; same culture 9.8 4.2 - 149
(3) One count frem cach of tudo cultures; same conor 11.5 7.3 -18.4
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These results were interpreted to maan that counting precision was
largaly influenced by randcs variztions in counts due te cell content of
aliquots counted; clectronic noise; and backeround particles (conteminents,
eic.} in the diluting selution.

A AR

Twd dosc-responae relstionshipe wore estedlished ytilizing the sbove
charscterized systar. In the first experiimal, cells wore caposed tp 0,
200, 400, 600, 800 end 1020 B, Cel) counts veore deoe ot AB, 72 and 9%
kours. Counts done at 96 hours shoasd the lergosi dose-rospame divier-
ences, prosumably becsusa of renlication of undiwuncd Tyaphocyles.  Aver-
aced S6-hour cell counts wore 25 totlows: O R - $G0, 200 R -« 900, &U2 R -
860, 600 R - 760, GO0 R - 600, 100D B - 600, Stalisticsl amalysis ks

net been comsleied on this wurk,
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. In a second experiment, chloroquine at three different concentra-
tions was added to lymphocyte cultures. Differences in lactic acid
gnd glucose content were most impressive at 96 hours and are shown

elow.

EFFECTS OF CHLOROQUINE ON
LACTIC ACID AND GLUCOSE CONTENT OF LYMPHOCYTE CULTURES

Chloroquine Glucose Lactic Acid
mam %

0 25 79 !
0.05 24 80 ;
0.1 43 69 3
0.2

60 45 , j

An analog of chloroquine without antimalarial activity did not
affect glucose and lactic acid values. Statistical analysis of this
work has not been completed but differences are large in relation to
small differences between duplicate cultures.

Experiments are currently being done to establish toxicity and
protective effects of aminothiols added to lymphocytes which are irrad-
iated and cultured.

Summary and Conclusions.

During the past year several investigative methods and study models
have been used to explore various aspects of the aminothiol group of
radioprotective compounds. These studies are classified as mechanism
of action studies and animal studies.

1. Mechanism of action studies.

In the Annual Report of 1966-67, evidence was presented and discussed
concerning the mechanism(s) by which aminothiol treatment protects
living organisms against the lethal effects of ionizing radiation. These
included:

a. Induction of tissue anoxia through toxic pharinacological actions
in animals.

b. Free radical scavenging in radiation damaged tissues.

c. Energy dissipation through preferential rupture of disulfide
bonds between aminothiol and vulnerable biological molecules.
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No animal studies havc been performed in the Division of Nuclear
Medicine to support or deny the first possible mechanism above.

During the past year, studies related to free radical scavenging
and energy dissipitation have revealed that the interactions between
biological tissues (molecules), ionizing radiation, and aminothiols
are highly inter-related with oxygen effects. The relative lethality
of oxygen in radiation resistant or sensitive strains of bacteria seems -
to be closely related to the radiatien sensitivity. Furthermore,
aminothiols protect against the lethal effects of oxygen under several
conditions, such as freezing or freeze drying. Evidence is accumulating
therefore that common mechanisms of biological damage exist in radiation
injury, oxygen toxicity, freezing and drying. This relationship appears
to be of fundamental importance, and studies are being conducted to
define it more precisely.

We have initiated studies to examine in detail the relationship
between chewical structure and biological function of these compounds.
Synthesis of unavailable compounds has been initiated. Purity tests
i and purification methods for this family of compounds have been developed.

2. Animzl studies.

In the Annual Report of 1966-67. evidence was presented that pre-
treatment with aminothicls increased lethality of standardized trauma
in mice. Studies have no. demonstrated that simultaneous treatment
with hexobarbit2l protects against lethality in aminothiol-treated,
traumatized mice, but docs not reduce radioprotection. These findings
indicate that tha deleterious effects of aminothiols in trauma can be
differentiated froam radioprotection. This interrelationship must be
tested in other scudy models.

Studies of wound healing in irradiated rats have demonstrated that
aminothiol treatment prior to irradiation produces a more normal vound
healing pattern. Fsscciated studies have demonstrated that wound
healing is deperdent upon bone rarrow integrity. The beneficial effect
of aminothicls in this model may depend upon their specific protection
of bone marrow ¢ells. Further studies are in progress.

Tissue culture studies have been scverely hampered by personnel
changes, but have continued. A carefully designed study has been
performed to demonstrate that replicate huwan lymphocyte cultures can
be made to produce nearly identical cell populatiuns and lactic acid
production at various timnes after iritiaticn.

| The system has been applicd to radiation studies, and we have

: demonstrated a dose-response relationship between cell number at 96
hours of culture and radiation damage dosag2 delivercd at initiation
of culture.

orh -




In this tissue culture study model, chlarogquine decreased glucose
consumption and lactic acid production by replicating lymphocytes. but

a chemical analog without antimalarial activity did not effect these
measurements. Further studies are planned to explore the possibie value
of this model as a screening test for antimalarial drugs and the rela-
tionship between this chloroquine effect and antimelarial activity.
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Project SAG3H0MD0AY, MALARTA FROPIYIALLS
Task 01, Malaria Investigetions
Work Unit %06, Antigenic fractionation, serology of malaria
Invesligators.
Principal: FElvio H. Sadun, Sc.D,
Associate: SrC Rufus VW, Core; CFT Daniel J. Stechschvrlte, MC;
Bruce T, Wellde, M.S.

Description.

The objective of this work unit is to isolate end purify various
plasmodial antigens and to characlerize them irmunochemically in order
to relate thesc characteristics to biological sctivities.

Progress.

. :st for the mazs diaznosis
1. A test for the mazs disgrnosis o
foleiparum-parasitized erythroeyte lysat

g e

£ huran malariz using Plaswodiun
es.

One of the most difficult problems in malaris control is thad of
recognizing esynpiomatic patients with low grade parasitemias., For the
past 20 years, many investigators have atlcipted to develop s praciicel
diagnostic method for detecting mzlarial antibody when the parasites
so few that they cannol be readily found in thick bleood filrs. This
would be parbicularly imporlent in 1) aveiding infections produced by
blood transiusions through mass screening of potertial blood donors,
2) preventing the reirtroduction of malaria by neiionals returning from
malarious sreas, internaticnal travelers in transit and servicemen
returning from overseas military duly, and 3) scroening of immigrants
and migratory workers, In addition, knowledg: of the antitody levsl in
individuals or population groups expesed to malaria would be valuatle
in assessing the results of prophylactic and {therapeubic measures.

Although several scrolegic technics have beern doveloped since 1961,
none of these is completely suitadble for the purposcs stated above,

The most common shortcomings in cxisting methods are: 1) the lack of
specificity and sensitivity which are related to the source and nature
of entigen erployed, 2) the relative unaveilabilily of Jayge quantitics
of huran plasmodia, and 3) the requircrents for costly and specialized
equipienl, expsnsive reagents, and well trained technica) assistanis,

Vhen crude malerial oblaincd from infected orpans or bLlood is used
an antigen, & relativedy low degree of specificity is to be cxpected.
Flaborale technics for the systerallec frectionation of crude pavaesitc
suspensions perniticd the development of a highly specific humagrdutination
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test and a complement fixation test. However, since large volumes of

paresitized blood are needed to yield comparatively swall quantiticvs of
purified antigen, it is unlikely that cither of these tests for maloria
could be applicable to mass screening of populations.,

Perhaps the most practical and widely accepted test to measure
eirculating antibc iice to malaria is the indirect fluorcccent antibody
technic (FAT). Us.ng eiiher Plasiodium vivex or P, falcipsrum as anti-
gen, a reasonable degree of specificity can be achieved with the FAT in
the laboratory diegnosis of human malaria. Although the FAT does not
require & large amount of antigen, since individual parasites on a blood
film are used to elicit the rcaction, numerous slides containing suffi-
cient numbers of perasites are nccessary for the proper performence of
the test, This poses an almost unsurmountable provlem for laboratories
which do not have ready access to infected patients.

The use of soluble antigens in an indirect fluorescent antibvody
(SAFA) test for the sercdiagnosis of parasitic infections has been esiab-
lished in recent years. This technic obviates the need for maintaining
the parasite in the laboratory vhere the tests are performed, permits
the investigator to select and purify the antigen to be employed and
provides a means of mechanical reading of the test.

Excretions and secretions (ES) of parasites have been used more
cormmonly to produce acquired immunily than to diagnose infections.

Sprent first used nondializable adult and larval ES antigens from Ascaris

to study the anaphylactic sensitivity of guinea pigs infected with this
worn. Sadun and Norman,using an ES antigen in the serologic diagnosis
of trichinosis, coneluded that this antigen conferred a grealer sensi-
tivity to the flocculation test than somatic antigens. Since then ES
antigens have been employed successfully in the serologic diagnosis of
gseveral parasitic infections, These attempts lead Thorson to suggest
thet the "separation and exact characterization of either specific ex-
cretions or secretions or somatic antigens plus a concerted effort to
compxre exhaustively various components in 21) of the svailable serologic
tests will lead to efficient tools for diagnosis." A consziderable advan-
tage provided by the use of ES antigens is the possibility of larpe
collections of antigenic materiazl. This advantage may remove what has
been regurded heretofore as the main obatacle to Lhe mass screening of
populations for malaria.

With these consxucrations in mind, studies were set up to develop a
test employing lysates of red blood cells obteined from splencctomized
chimpanzees which had teen experimentally infected with . faleivurur.

A soluble antigen was obtained from this lysate in 1N actions separated

by column chromatography in DHEAE. This antipen conferrcd to a nevly
developed SAFA test & relatively high degree of sensitivity, specificity,
and reproducibility.
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:. Juvenile cplenectomived chimy - 0 tlan
_ ¢l o by blood trunsfcer with o deug resistant ba]:V(‘ﬂh
ﬁ(. u.) nb/dlh of ‘. 1L____ i according to deseribed methods,  Approx-
irotety 0O md of blood were withdrown from cach chimpanzee when pavasi-
teria Jevele weve bigher than 209, After & dblood transfusion from unin-
feeted donors, botween 200 “nd L0O 1l of bloodver: withdeawn again when
a parasitenio of al least 209 was reached, Py this method untizen
sufficient for the performance of approximately 90,000 teste could be
obtainad from each cxperimentally infected chjmpnnzcc. The blood obtained
from P, faleiporum- infeeted chimpanzecs was collected in blood donor bags
containing sufiicient awounts of citrale glicose solution (ACH fluid),
rcfriguratcd gt hOC, centrifuged and the plasme removed, The packed cells
were washed 3 times nlth c¢hilled IhJszo1och11 saline and rosuspended to
50% of the original volume, The 0% cell susponsion in saline was frozen
and thawed % times in a dry ice-aleohol bath. After ecentrifugation at
27,000 G for 70 minutes, thc crude hemolysate was divided into several
aliquots and stored at -70°C, Suvscquently, this was dialyzed for 12-18
hours at 4°C with 0.0 prosphate buffer at pH 7.5. Chromatography of
5 ml of dialyzed lysate on diathylaminocthly (IEAR), Sevhadex A-2% columns
(2.5.x W7 em) was performed by sequentizl elution with following phophate
buffers: 0,01 pH 7.5, 0,01 i 7.9, 0.0814 ph 7.5, and 0.2M il 6.,.
Seriples of 8-10 11 were collected al a rate of 1-1,5 ml per minute. The
pretein concentration of the elualec wus dﬁtcvu¢ned vy spectrovioiomatry
at 230 up and protein peeks were determined by spectrophotcictric reading
of aliquots &nd peeled accordingly. Four EiST'n“b fractions wure obtained
and lavcled consecutively from 1 to L, Fraction ) centained most of the
hermoglebuling fruction 2 contained only a ir: ~e of hamoplohulin, but it
had little antigenic astivity, ‘Taruxon % was antigenizally ective, but
it produced more non-syzcific fluorescance tLan fracticn b. Therzfore,
fraction I wes used in the test. The volume was estim h~ ed to contzin
0.15 mg of prot:in and/or matericl ah;c:“n- Ligri at 220 mp par ml.
Cellulose aretate flJtar paper @izes, 4.7 ¢n in di&nwtcr and pore size of
place r
{

0.5 p, were soaad in the anticen .u“ 1 rimite, pleaced on blolting paur-

for & fev seconds, dvicd at room tergeraluore and then stored in a desfccantd
Jor undor vacuvwu until vsed. Antigen from rormal chimpanzee erylhrocyle

lysatc wus prepared in the sumo mouner,

s reng,  Human sertn sv&cir“na from 501 selected individusls
were Lesied, Of t?ase serva 270 cowwe oo puvsons in whon medarial infee-
tion kad been enlablishad oy demonntr thng 2. faeleirurun, Poopeloriac,or
Yo vivex wicroscopicully in t%ic Rlocd gmuuvs,  Of the sore 13uH Telaried
Infection: 163 wire ctained in o hopererdonie avor in Now Guinen, 53

e S A R

were from Avmy vetorans vho conblracled ralurie in Soulh Vielpe,and S were

", WY
from velunbfoors wio had boon expovimenialdy infeeted with P, fm?cirwvnn or
Poovivie 5.9 woehs prios Lo withdram) of Lloed, The &y“'{rl&3b” “of Lhe
reaction wis delernmined with corn fion individonds with proven virsd,

buctoerin, vy paresitic infection olthyry thran walivia, Roreal conirol seva
)
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were obtaincd from 112 healthy individuals vho were undergoing physiced

examination as candidates for appointment to a military scademy, from 16
human voluntcers before cxposure to malarial infection,and from b person-

- nel of our laboratory.

Pest procedure. Soluble antigen fluorescent antibody (SAFA) tests
were conducted essentislly as described previously. A negative control
was diluted 1:10 with a Tris-Tween buffered saline (0.0SM, 2-Anino-2-
(hydroxymethyl)-1,3-propanodiol with 2% Tween 80 at pll 8.0 in 0.1%94 Nall)
and further diluted in serial two-fcld dilutions to 1:80. The optimal
dilution of conjugate was determined by box titrations., In most instances
& 1:20 dilution of labeled antihuman globulin was used. Two-tenihs ml of
diluted sera was placed in the wells of & plastic tray and antigen dises
(punched from the stored entigen-coated cellulosce acetate paper, 7 mm
diameter) were immersed in the serum for 45 minutes at approximately
60 rpm on a serologic slide rotator. The discs were then given 3 rinses
of 10 minutes each in 0,0°M Tris buffered saline before the addition of
antiglobulin diluted 1:20 in 0,05M Tris-Tween buffered saline. The discs
were rotated in this solution for 30 minutes at room temperature. They
wvere agein rinsed 3 times for 10 minutes in Tris buffered saline and then
placed on & black masking tape et 1 em intervals. Test resvlts were read
0a the dial of a Model 111 Fluorometer (G. K. Turner Associates, Palo
Alto, California) with a primary filter transmitting 254-420 my and a
sharp cut secondary filter passing <520 myu in combination with a 6.57%
neutral density filter. On the basis of previous tests, arbitrary values
were established for the interpretation of fluorometer dial readings. A
reading of 8 or less was recorded as nen-rea .ive. A reading of 9 or more
was interpreted as reactive.

The icsults obtained with the SAFA test for walaria are summarized in
table 1. The findings with sera from mailarie pahiiecnts jllustrate the
sensitivity of this procedure. The findings with sera from patients with
other conditions and from healthy inlividuals provide an index of the
specificity of the test. Positive rcactions werc observed with 7 of 15
leishmaniasis specimens, 4 of 12 trypunosomiasis specimens,and 3 of 9
hookwonre gpecimers from patients living in areas where ralaria is present.
Pocitive veactions were also ohserved in 5 of 38 specimens from individ-
uals v¥ith proven syphilis., Only one scrum spacimen from individuals with
proven mataria fuiled to react in this test,
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DIAGNOSTIC SPALUS

Falciparun ralarie, 158 1 12 17 23
Vivax malaris, oh 0 5 9 9 13
Malariac medoria 28 o] o] 2 1 ;

TOTAT, MATARIA 270 | 17 28 3% 191

HEALTHY COTTR0LS 152 19 % 0 0 0
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Bucillary dyscnicry ) L i
Chelera 10 10
XLeprosy 8 6
Bacterial meoningilie 16 1€
Syphilis 38 33
Mencles 9 9
Muungs 13 13
_Amocbinsis 11 10
Toxoplruiosis 15 15
Filrrizsis 1 11
Schistosoniasis 10 9
*Jeishmuniasiy 13 6
*Amcrican
trypancsoniacis 12 8
flHookworn 9 6
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In order to oblain some information on the reproducibility of weoulis,
serum pools from infected and urinfected pevsons Veredivided into aliquots
and tested at different times with the same lot of antigen and ontiglobulin,
As indicated in Table 2, the results were highly repreducible. None of
the 23 specimens from proven infeclions gave negative readines, The degree
of variability in titers never exceeded 2 fold. 'he ontigen appesred to
te stable for at least 6 months when frozen al -70°C and for at least
3 months on cellulose acetate filter paper discs Kept at room temperaturc
in & desigcator,

Table 2

Results of Repeated SAFA Tests on Three Sera
with the Same Lot of Ar.igen

Number of PTimes Giver Titer Obtained

Number of
Serwn Times Tested 0 10 20 Lo 80

Infectcd High

Titer 15 (0] (o] (0] 1 14
Infected low

Titer 12 0 3 8 1 0
Uninfected 27 0 0 0 0 0

Sera which reacted in the SAVA test with titers of 20 to >80 were
gelected for an ebsorption expariment to determine whether this is e
true antigen-antibody reaction. A 0.) ml eliquot of each undilui=d sarun
specimen was incubated for 3 hours at room terperature end 12-18 hours
at 4°C with 0.2 ml and 0.k ml of thc antigen. Afier ebsorption the sexa
werc diluted with Tris-Twcen buffered saline %o a tolal volume of 1.0
to give a starting serum dilution of J:10, and they wore rotestad. Ohe
results (Teble 3) indicate that scra absorbed with the hawmolveate cither
failed to react in the JAFA test or reacted with 2 mpavied reduction in
titer. Converscly, incubution of sera wilth goline d41d not resull in o
detectadble reduction in renctivity,
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Table 3
. Results of Absorplion with P. faleipivmn Lysotes
Amount of Piter Titer Titer afier
Serum antigen used before after incutation

Specimen (m1) abzorphion absorption  wilh saline
Infected .

(Yool No. 1) 0.2 >50 20 >80
Infectad

(Pool Ho. 2) 0.2 20 10 20
Normal Control 0.2 0 C C
Infeeled

(Pool No. 1) 0.h >80 10 >80
Infected

(Pool No. 2) 0.h 20 o 20
Norral Control. 0.4 0 0 o]

In order to determine whether the prescnes ofiso-agplutinins in the
lysate night account for scme of the aoLscrve? recetivity, anti-f, snti-b,
and anti-Fh typing scra were Lestied ggninst the lysslz. Consistontly
negabive resulis were obteined. lysates from nos-infectad chimmanzec
erythrocytes either failed to react or gave reastions st vary ldov Liters
when tested egainst sora from persons with proven malaria.

The ehief obsiucle to large scile spplication of rersdingnesic in
malarja has been Lhe difficulty of obinining sufficient quantitjes of
malari=) antigen. Although plazsmediz fyoe Jewer andzals enn B uzed to
detect antibolics in humn infuclions, their uze as & gource of antipen
has resulted in wpavied lous of heﬂ‘*iavftﬂ or specificity, Az o rule,
large volumer of paracitized Wlood yizldd r,"l? guwatities of gemnlic
plasradia) antigen. HPowever, (ids 10 nol the oesr in $no BASA Lest
employing infected red blood celr lyiales v%wcl have tean fractiossted by
seguential elution with chrovatesraily an PFAS Sephades A-25,  This antizew
¥

my Le a raetebolic prvdust of Liv ;“rnf*':' ’r?*rttxcn: and geovel fong
or an gltercd host elament which is relenped afisr the Inferied crpthronyties

are lyned,

The reszelts of the present oinfler uilng Fo fedslcoomeprinsitlingd

.
2
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crythroesie lyoates in the $AYA toeat indisate (hol : 8B
p Ligh degres of sensitivity, spxnifxrxtJ and rogredigibiYity of reswdis,
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Wherces all but one of the specimens obtained from individuals with proven
malariel infection rcacted in this test at titers of 1:10 or higher,
cross-reactions with sera from individuals with infections other than
malavia were uncommon., Although some positive reactions were obscrved
with sera from people with kala-azar and hookworm, these specinens were
collected in Uganda, Brazil,and Panams wherc malaria also occurs. Five of
38 serum specimens from individuals with proven gyphilis reacted at low
titers although they were obtained from areas where maloria does not
normally ocenr., These results were not surprising since cross-reactivity
between malaris and syphilis has been reported repeatedly. This does not
represent a serious obstacle to the utilization of this test for screening
donors fnr tlood transfusion banks, since people with a positive syphilis
serology are not accepted as donors.

Our results of preliminary absorption studies indicate that the
fluorescence of the lysates reacting with malarial antiserum no longer
occurred when antibodies were removed. This is taken as suggestive
evidence that the specific fluorescence is given by antigen-antibody
rrecipitates resulting from a reaction between antibodies in the host
serun and antigens released by the lysis of infected erylthrocytes., Detailed
stvdies are now being conducted in an attempt to characterize this antigen
end to determine its ability to react in the hemagglutination test.

Although no precise information is as yel availaeble on the time-course
development of antibodies detected by this test, preliminary studies
conducted in human velunteers infected with P. vivax or P. falciparum,
either by blood passage or by sporozoite inoculations, indicated that the
appearance of antibodies occurred at arproximately the same time as patent
parasitemias. These patients are being followed over a long period of
time after infections wesre aborted by chenmotherapeutic means to determine
the course of antibody levelr following parasitological cure.

Mtigens prepared from cultures of human mslarial parasites and fron
the serum of P. knowlesi-infected monkeys have been used in the complement
fixation tegt. Torrey and Kahn and Corwin,et al., isolated serum antigens
from the plasma of ducks infected with P. lophurac. Todorovic and his
co-workers found that a serum-soluble antigen of Plasmodium gallinmeceun
cross-reacted widely with antisera from human, simian, rodent,end bixd
malarias in'the latex agglutination test. Numercus attempts have beun
mede to induce protection by immunizing animals with excretions, secrciions
and metabolic products of various parasites. In eddition to the stludies
conducted with plasmodia ,solutle serum antigens were found to enfendor
protection against challenge in other hcmotrovic infections such as
babesiosis and trypenosomiasis. Gray showed that scra from rats infected
with trypanosomee contained soluble gerwr antigens which engendered yprotee-
tion against challenge. The use of ES antigens ia the production of ac-
quired immunity in helminths has also been reported.  Studies are now Loing
conducted to determine whether the lysutes otteined from P. fuleivurun-
infected erythrocyles ave capable of stimvisting protection eguinat
challenge with the howologous spucics,
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The value of a scrologle procedure ig )

based not only on lest
specificity, sensitiviby,and reproducibility, but also on the case with

vhich meny gpecimens can be processed, The use of lysatce antigen in
it poseible Lo conduet a large number of lests

the SAPA bCLhHLC mnkes .
Preliminary cbservations ’

with greal cconony of scarce porasite material,
indicatle Lh@L approximotely 50,000 scrcening tests can be performed with
the amounl of antigen normally collected Irom one infected chimpanzee.

The ugse of & goluble antigen openg the way to further purification proce-
dures which might increase the sensitivity and specificity of the test,
Morcover, the SAFVA test permits objective mechanical reading of resulls,
which compencsates for any nonspecific Tluorescence contributed either by
the serum or by free fluorescein in the conjugated antiglobulin. Since
thig test would lJend itself to automztion, one can ervision the use of a
simple apperatus to process numcrous specimens seiri-automatically in a
relatively short time, If subsequent comprehensive studies suppori these
obscrvations and delincete clearly the relalive eiTiciency of the test,
the SAFA technic using P. falciparum-vuarasitized erythrocyte lysates may
be well suited as & scrcening procedurs in investigalions of the sero-
epidemiology of mzlaris and for the mace screening of potential bleod
donoxs,

niibolies by an indirect hemasslutination
fractiona £d from the lysale of purvasi-

ar

en 5
(s ) fractionated by column chroratogray
i

3

test ernloying a soluble znii
tizcd red blooﬂ cells. An‘ g

2. Deoteclion of mulariz

igen

and pevikor block clcr*tmnhov' 5
r

1
e
S
(]

; frem the freeze~thaw lysate of para31tiand
RBC's wore used to deltect mzlarinl antwbojy in rats and hwmans. Extracts
from norral BPC's prepared by Lhe gemce mathols showcd no reactivity with
either imuins or perrzl scera. Ouchiterlony studies with fraclions froem
infected REC's showed vrecipilin lines while preparalions from non-para-
sitizel RBC's did nol. Antisora {wow P, bewrhei jnfected rals tested at
intervale Tor 190 doys albLf infection by indiveet henngelulination with

P, berghel enligen showe TInetus®ing antibody rosvonse when comparzd

with Lhe Tluorescent ahvlbuu" test using whole organisms (Fig. 1). The
hfp"hr]utinatlon t »L WS 'OJ1f!td uging

-~

ke microtiter system,anc antigen
r Jrerun-veranitized chirpanzee cells vus tested azninst
sera TPOﬂ e twtnta )nfuctnd vLLh r-leria. TForty cf 5} gora frou paticnts
vith parvasitelosicelly preven ralavia weve porltxve at titers ranzing
from 1:20 - 1:10, 20, Mo hwrn sovn did not react above a titer of
]‘?O No reartions wvure obtained with seva fran patients wilh either

"""" ilis, schistoronicnin, ledshmniesls or leprosy. PReoustions were ob-

tv1n :d h;fn Oncosersn velvulue sera.  Fovever, these sexa were oblalned
in erens wheee malacia is enderle,
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Summary and Conclusions,

1. A soluble antigen fluorencont antibedy test wes developed for the
secrologic diagnoris of huwan malaria by vsing Pluducliun falciparun-
parasitized erythrocyte lysalen from experimentally infcebed CHiMpanzecs
as antigen. The high degree of sensitivily, epecim™ceily,end reproducibility
of the test, the objectivity of mochanical reading, the availability of
large eamounts of P. Irleiperun antigen and, the possibility of processing
many specimens semi-automatically in a relatively short iime sugpest that
this technic mey be well suited as a sereening proceduce in investigating
the scro-cpidemiology of malaria and for the mass screening of potential
blood donors.

2. An  indircet hemagglutination test using parvasitized RBC lysate
as an antigen detecicd malarial antibody in rat and hunan sera. Anlisera
: from rats showed a fluctuating antibody response vhen compared in the
‘ fluorescent antitody test using whole orgasnisms as antigen. A hemag-
i glutination test using the microtiter system and infected chimpanzee-tlood
; lysate as antigen showed titers of 1:20 to 1:10240 with sera from bumen
patients.
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Projeot 386555010829, MALARLA PROPHYLAXIS
Task 01, Malaria Investigatvlons
Work Unit 107, Malaria antigens

Investigators,
Principal: TRerl H, Fife, Jr., M.S.

Associater Williem M, Bigelow, B.S.; Albert E. von Doenhoff, Jr., B,S.

Description.

This work unit ig concerned with the isnlation and characterization
of plasmodiel antigens, studies on the antigenic structure of various
plasmodis, investigations of serologic patterns developed during the
course of infection, and elucidation of immune mechanisms associeled
vith this disesse, In vitro es well as in vivo methels are employed.

In vitro methods ere “used in (1) development of procedures for

<cpar ating mzlaria parasites from hosl blond comporents; (°) isnletion,
purification and identification of plasmedisl anticens by physico-
chemicel and serologic methods; end (3) cevelopment, inproverm:nt

end eveluation of serclogic procedures for detection of antibodics

and for following sniibody patierns in infecled hosts, In vivo

stulies include (1) the role of entigen and entiboly in certain
imunopathologice conditicons essocinted with mularie infeciion;
(2) production of specific antibodies te characlerize experiuental
entigen fractions end to investigste the antisenic relationships of
various speeles of Tlasmodiur; end (3) invw"tlrstlons on the
imrunogaricity of ths purifieci antizen fractions with particular
emphesis on thelr potential value as veccinss,

Progress,
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residual red cell fragments, The washed parasites constilute the
varent material for studies on plasmodial antigens and lytic factor.

It is noteworthy that the pleumodia suffer little or no demage

.during this process., The parasites retain their infectivity for
susceptible hosts and show no morphological abnormalities, It

was previously suggested that this technic also might be employed

for separating blood parasites other than malaria from host red

cell components, This proved to be the case with Anzplasma marecinale-
infected cattle cells, Investigators at the USDA laboratories recently
used the above technic for obtaining large numbers of erythrocyte-free
Anaplasma, The complement fixing and hemagglutinating antigens prepared
from this harvest were far superior to those prepared from harvests
obtained by the usual methods employing chemical or hypotonic lysis,
and led to the development of highly specific, sensitive serodiagnostic
tests for anaplasmosis,

Current military operations in P. malariee endemic areas in the

Far East heve created the need for reliable serodiagnostic tests for

P, malarise infection, Moreover, the occurrence of idiopathic
splenomegaly among certain Vietnamese population groups end the possible
role of P, malariae as the etiologic agent of this disease further
.emphqsxze the importance of developing this serodiagnostic capability.
" In view of the inability to obtain from human cases the quantities cf
parasites required for antigen production, efforts were made 1o select
& simian Plasmodium that would give strong cross reactions with P.
helarige entibodies, but show mimimuh reactivity with P. vivax and
P. “folciparum entibodles, Collins et al (Am, J, Trop, Med. & Hyg.,
15 11, 1 §63L using {mmunofluorescence b technics, presented dete
suggesting that P, fieldi end/or P, brasilisnum might fulfill these
requirenants, P. fieldi was selected for he initial studies
because it could be cuitivated in readily available splenectomized
Rhesus monkeys, Use of P, bresilianum, on the other hand, would
require special procuremant of spider monkeys., Although the
parasitemias in P, fieldi infections werc relatively low (ranging
7-10%), the volume of parasites required for entigen fractionation
eventuelly was obteincd by pooling the harvests from several animals,

Initial experiments with P, ficldi-infected blood revealed that
this species of Plasmodium was s considerably more fregile than the P.
knowlesi end P, falcivarum employcd in previous studies, Use of the
standard pressure (1500-2000 psi) for freeing the parasites froum the
erythrocytes destroyed a large number of the plasmolia, Further
investigetions rcveeled that this problem could be overcome by reducing
the pressure to 5C00-1000 psi, Under these laticr conditions, the
parasites showed norwzl rorphologzy but some intact erylhrocytes were
present in the effluent frox the precsure cell, As a result of thase
red cell contaminants, the crude parasite extracl was unsutisgfactory
for use in CF tests, The red cell produsts, however, werce eoffectively
scpareted froi the complement fixing antigens by filtretion through o
Serhrdex G-200 gel coluzn and the qual‘ty of the frectionated P, flelil
antigen appeered to be comparable to thet of the purified P, Wwoliin
and F, feleivarum entigensz, Tue P, fic)di antigen pgave sLrong resctions
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in CF tests with hemologous antiserum and was not anticomplementary at
any concentration tested, :

Certain featurcs of' the P, fieldi infection in splenectomized
Rhesus monkeys were strikingly different from the clinical disease and
- pathology observed in infections with other melsaria parauntcs. In P,
fieldi infections, the parasitemias always were relatively low, rarcly
‘exceeding 10%. Nevertheless, the enimals shoved progressive debilitation
and usually expired 1L-20 days after infectlon, The nematologic picture
also was unusual., All animals showed & marked monocytosis with a
significant amount of phegocytosis of parasitirzed and non-perasitized
erythrocytes by the monocytes, Moreover, the monkeys regularly developed
& severe snemia during the terminal phase of the digcese and the
majority of parasitized cells showed unusual bizaerre morphology at this
time, The severe clinical discace and marked hematologle abnormalities
associated with relatively low patent parasitemias suggest that P,
fieldi infection in splencciomized Rhesus monkeys might provide & useful

model for studying various aspects of host-parasite relationships
in malaris in generel,

The French pressure cell also was veed 1o isolate P, berghei from
the crythrocytes of experimentelly infected mice. However, initial
studies revealed thal mouse erythrocytes were more rezistent to
nechanical damage than were monkey or chimpanzee red cells, end
8. considerable number of intect erylhrocytes were present in the
effluent from the pressure cell vhen the standerd (1500-2000 psi)
pressure vas employed., Further studles revealed that this problem
could be overcome by increesing the pressure to 2500 psi, Essentielly
all of the erythrocytes were ruptured under these conditions and
there was no evidence of damage to the parasites., Complement fixing
antigens prepared from these harvests reacted well with homologous
entisera and were not enticomplementar;.

2. Secrodierpostic tests for melaria, The potential value of
purified P. knOﬁlCSl end P, felcivzrun anligens for the serodiegnosis of
vivaxr and felciperum maleria re snect\vcly, vas indicated in the prelimin-
ary eveluztions sumnmarized in the previous report on this Work Unit
(VRATR Rescarch & Develaprmeat Report, 1967). These sautigens have been
further cvaluated in colleborative studies with rembere of the U,8, Army
Medical Kesenrch Teem (WRAIR) Vietnen, A preliminary evaluation of the
potentinl of P, fieldi entigen for scrodiagnosis of malerine mnleria
aelso ves included,

These studics were conducted on twa populaticn groups residing in
arces highly endemic for ralarie. The first group consizted o Monteg-
nard soldiers, mxny of whoa regularly shoued patent parezitemies of P.
felciparun but no clinicel discese. These subjects were gelected to
determine the ineddence of malavie in en dndigcnous sexmi-irsune papu-
lation, to investirate the relation of the discaie Lo cosbal mpsrnt*a"s,
end to evaluaie the patteras of antitody respanrs In such a populat!
receiving weekly supprecsive dozes of chlorspuir=,  In these stuﬂ¢Au,
3-4 gerum specimens wore collected at h-6 weck intervals from cteoh of
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54 Montagnard soldiers. In all, a total of 224 specimens were tested,
The observation perind was deoigncd to permit clinical, parasitological
and serological examinations of these individuals Jjust prior to
deployment in combat operations immediately upon return to base caump,
~&and & fellow-up prior to redeployment {o combat, The clinical,
epldemlological and parasitological findings will be included in the
Annuel Research & Development Report prepuared by the Medical Regearch
Team, Although evaluation of all data hes not been completed at
this time, certain relationships between the paresitological an? sero-
logical findings are noteworthy. These results are sumrarized in
Tables 1 and 2, The superiority of the complement fixation test
over thick blood film examinetion for eppraising the malaria
experience of an individual or a population group es a whole is
clearly indicated, On the basis of C¥ test results, it is readily
epperent that there was an exceedingly high incidence of P, falciparum
infection among the group studied. Of the 5% individuals exawmined,
51 (94.h%) reacted with the falciparum antigen. Among these, 27 (50.0%)
eppeared to have only P, falciparuu maleria whereas 24 (Lh.hg) showed
evidence of mixed falciparum end vivax infections. One individual
apparently had only P, vivax melaria and 2 presumably were not infected,
These findings are in mzrked contrast to those obtained with the thick
blood smears, With the latter method, P. falciparum was demonstrated in
10 (18.5%) of the eubjects, P, vivax in 127 (22.2%) end mixed infections
in 3 (5.6%). It should be noted that no malaris parasites vere found
in the smears on 29 (53.7%) of this group. Although entibodies werc
detected in many individuals whose thick smears contained no demonstrable
malarie parasites, in no instance did an individual show parasites in
the thick film end fail to give a reaction with the homologous antigen
in the compiement fixation test, As & point of further interest, it
was observed that with one exception, gll individuals showing only P,
vivax on thick film examination had high antibody titers againsi the
P falciparum es well &s P knowlesi complement fixing antigens,
1ndicating mixed faleiperum and vivex infections, These findings
raise & question concerning whether the asexual developnent of P,
falciparum in & semi-immune individusl is supprressed by superintection
with P, vivex, Studies are continuing to obtain further infornaiion
along these lines, It is unlikely thet the observed discreponcies
between the thick blooi films and the scrologic tests ere due to
nonspecific rcactions in the letter, Expericnce thus far has chown
thet there is very little cross reactivity between the knowlesi
antigen and frleiparum antibvody or between (he fulcig_guw cntigen end
vivax entitody, Morzover, when reactions werc observed with either or
both antigens, titers \cll exceeding the cross reectivity level vsually
werc observed, In view of the epparent limitations of thick blood file
examinaetion for demansirating rularie pasresites in individuals under-
going supprcssive chenothorepy, & queation is raisel cunoorning the
advisability of using the thick film alone for sercening trﬂoﬁ‘ retus *ng
from malaria endomic areas, It {r sugzested thet o cexbiretion of thixx
£ilm excminetion ani ra2rologle testing would provide a mare oritical
appreisal of the malsria status of such individuels,

Another group of scre from nutive Vietnnoeose ves compoied of spocl-
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Table ]
ol Malaria Complonent Fixablon Peats
on 54 Montasnard Soldicrs

Resulle

P

Antigen Mumber reacting with indicated
entigen

P, falciporum 27 (50.0%)
1 (1.9%)

2 (5.7%) of the
P. falcipurum subjects did not
2l (k. b

P. knowlesi¥

!

.

react with either
P. knowlesik . antigen
¥sed for detection of P, vivex antiboldy,
Table 2
Results of Haolaria Thick Smears ¢n
54 Eontasnavd Soldiews
{
Yarasite

Farber Positive

o~ — s S -
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mens from individuals with idiopathic splenomegaly of unbnown ctiolosy,
Kala azar was excluded on the basis of formolegel tects end bone merros
aspirates, Since P. malariae was endemic In arces where the splenomngaly
occurred, conslderation vas given to the pnsuLhility that the discnre vos
similer to the P. malerice-induced "big gpleen” cyndrome observed in

East Africa, Sera from 28 individuzle with idiopathic splenomegely werc
tested in complement {ixation tests for malzrisa, using antigens prepared
from P, knowlesi, P, falciparum and P, fieldi; on the basis of the expori-
ence of Collins et al, using {sunoliuorescence tecimics s 3t was
anticipated that P. Tieldi antigens could be used for detection of P,
melariae antibodies,” Results of tests with the P, fieldl antigen, o=
ever,were disappointing, Sera from 9 of these individuals contained vivax
antibodies, and 21 showed reactivity wiih the falcivarum antigen.

On the other hand, only 2 reacted with the P, Ticldi antigen. Two C
possible explanations could account for these findinnu. Either the
purified P, fieldi was unsatisfactory for detecling P. malarize anti-
bodies, or there was relatively little malariae infection enong the
group; and the idiopathic splenomegely therdore wes due to somcthing
other than P, malariae malaria, Although there was a high incidence §
of fal~32§rum infection and some vivax malerie among the group, it is :
vnlikely that either could have been the cause of the splenomegaly

since the disease does not occur i other arcas endemic for vivax

and falciparum mealaria, To resolve this question, efforls are boing

mede to oblain sera from docwrented cases of P, malarire infection in

order to precisely determine {the efficecy of P fleldi entigen for

detecting melerize sntibody. If subsequent studies indicate thel {he

purified P, fieldi entigen does not fulfill the expectalions besed on

the results of immunofluorescence tests, investigations will be

initiated to deterumine the feasibility of using P, brasllesnun anbigens

for the sgrodiagnosis of P, maleriasz infectlon,

i s Vi s