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SUMMARY

The various subjects covered in this report are listed in the Table of Contents,
Abstracts of the individual investigations are included on the DD Form 1498
introducing each work unit report, and names of investigators are given at the
beginning of each report,
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FOREWORD

In conducting the research described in this report, the investigators
adhered to the "Guide for Laboratory Animal Facilities and Care," as
promulgated by the Committee on the Guide for Laboratory Animal,

Resources, National Academy of Sciences-National Research Council,
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technical reports see Walter Reed Army Institute of Research Annual Progress Report,
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 095, Biochemical action of trace substances -- effects of
trace metals on hormone and enzyme activity

Investigators: i
Principal: Dr. Walter Mertz 3

Description. ;

The objective of thi. work unit was to define and quantify the mode
of action of Chromium III in metabolism. Within the work unit efforts
were expended to determine the interaction of chromium and insulin and
the determination of the consequences of chromium deficiency in the
mammal. The work unit is to be considered complete due to the resigna-
tion of the principal investigator.

Progress. i

Experiments were conducted to study the nature of chemical binding !
of chromium as it occurs in glucose tolerance factor. Fetal liver 1
accumulation of chromium was three times higher than maternal Tiver !
when Chromium-51 label yeast was administered to pregnant rats.

Summary .

The research activity within this work unit has been reduced to
zero due to the resignation of the senior investigator. No further
work is contemplated within this area by his successor. This is a final
report covering the work unit.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH )
Task 00, In-House Laboratory Independent Research

Work Unit 095, Biochemical action of trace substances -- effects of
trace metals on hormone and enzyme activity

Literature Cited.

None.
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3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 096, Electron & light microscope study of intestinal
vasculature in cholera

Investigators.
Principal: Thomas G. Merrill
Associate: Helmuth Sprinz

Description

This contract was for the study of morphological alterations
of the intestinal vasculature endothelium in cholera and the
route by which escaping fluids and electrolytes pass from the
lamina propria into the intestinal lumen across intact epithelial
lining. It was found that fluid exsorption following cholera
toxin administration occurred in a manner similar to that seen
in the normal. No specific vasculature lesions could be identi-
fied. The rate of fluid exsorption in cholera was greatly accele-
rated, suggesting that the primary effect of cholera toxin may
not be on the intestinal vasculature, but possibly on the epithel-
ial Tining. This contract expired 31 December 1969.




3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH {»,
Task 00, In-House Laboratory Independent Research

Work Unit 096, Electron & light microscope study of intestinal
vasculature in cholera 1

Literature Cited
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 097, Transport of essential metals in simulated biological
environments

Investigators.
Principal: C. L. Rollinson, Ph.D. (University of Maryland)
Associate: COL E. C. Knoblock, MSC

Description.

The technical objective of this work unit is to quantify the inter-
action of trace metals with biochemical moieties such as amino acids
and carbohydrate intermediates and to determine the kinetics of tne re-
action employing sequential dialysis as the principle analytical model
system. Activities within the contract during the reporting period in-
clude:

1. Chromium - Effect of phosphate.
2. Iron - Effect of various ligands.
3. Membrane studies.

Progress.
1. Chromium - Effect of phosphate.

Phosphate ion is used to buffer reaction mixtures for kinetic
studies. It has been suggested that phosphate could behave as a ligand
toward Cr (III). Experiments have been performed to substantiate this
effect. The results indicate that instability of reaction mixtures in-
creases markedly as phosphate concentration is reduced from 0.2 M to
0.002 M and when Cr (III) is 10-4 M and 10-5 M. With the most potent
ligands, pyrophosphate, citrate and adenosine triphosphate, the coordi-
nating effect of phosphate does not manifest itself except at the lower
concentration of iigand.

2. Iron - Effect of various ligands.

Reaction mixtures of Fe (III) were studied with various ligands
and compared with reaction mixtures of Cr (III). Fe (III) reaction
rates are definitively higher than those of Cr (III). Citrate, pyro-
phosphate, mesoxalate, triphosphate, adenosine diphosphate, oxaloacetate
and 1,6-fructose diphosphate coordinate well with both Cr (III) and Fe
(ITI). On the other hand, malate and tartronate, while excellent

9
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ligands for Cr (III), are poor ligands with Fe (III). Fructose, contrary
to published reports,has been found to have little coordinating tenden:y
toward Fe (III).

In test mixtures of aspartic acid, methionine, arginine, ketoglutaric
acid, tartrate, glutaric acid, thiamine monophosphate and sorbital, there
was little diffusion of Fe (III), leading to the conclusion that these
systems either formed slowly diffusing complexes or failed to prevent
olation of the Fe (III).

3. Membrane studies.

A series of membranes obtained from various sources are being
evaluated for their porosity characteristics in relation to sequential
dialysis. Preliminary results have demonstrated the unsuitability of
the silver membrane because the pores are too large. Nojax-18, a sausage
casing, shows promise as a membrane because its decreased porosity may
magnify observable 1igand differences. Differences in axperimental re-
sponse to the non-uniformity of membrane materials has been studied and
a procedure developed to standardize membranes in all the dialyzers
employed.

Summary.

This contract is scheduled to terminate as of 31 August 1970. During
the reporting period, a number of potential 1ligands have been studied
for Cr (III) and Fe (III). Notably Fe (III) ligands are faster in re-
action rate than those formed with Cr (III). Phosphate ion when used as
a buffer was found to be a reasonable ligand material at low concentra-
tion. '

10

L)




Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Task 00, In-House Laboratory Independent Research

Work Unit 097, Transport of essential metals in simulated biological
environments

Literature Cited.

Rollinson, C. L. and Rosenbloom, E. W.: Coordination in Biochemistry:

Reactions of Chromium (III) in Coordination Chemistry. Paper presented
in honor of Professor John C. Bailar, Jr., Plenum Press, New York, 1969.
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23. (U) To study the 1nteraction of trivalent chromium with biological materials,
particularly with nutrients which compete for chromium in the GI tract, with carrier
substances which bind the element in the blood and with insulin for which chromium is
a co-factor, to determine chemical parameters which are essential for biological acti-
vity and to synthesize compounds for biological testing.

24. (U) The influence of pH on the degree of olation and of various potential chelating
agents on the solubility of chromium is determined using a membrane dialysis technique.
New approaches are in process for synthesis of new chromium complexes with ligands of
biological interest, in aqueous and non-aqueous systems.

25. (U) 69 07 - 70 06 Term of contract expired on 31 August 1969 and a final report has
been submitted. A process of sequential dialysis has been developed which has pro-
vided a laboratory system to study the mechanism of the chromium in reaction with bio-
logical substances. This process has been used to evaluate and compare many biological
substances including phosphates, anions of organic acids, Krebs cycle components,
bases and hormone activities. A comparison of oxalate complexes of trivalent chromium
with urea disclosed that urea forms coordination complexes but does not form a stable
chelate. Oxalate showed a much stronger potential for chelate formation. The bio-
logical polyphosphates (adenosine phosphates and thiamine pyrophosphate) showed strong
coordinating afinity for chromium as did the citrate and isocitrate compounds of the
Krebs cycle. In the absence of such agents the rate of diffusion of chromium was de-
creased. For technical report see Walter Reed Army Institute of Research Annual Pro-

gress Report, 1 Jul 69 - 30 Jun 70.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 098, Chromium complexes of insulin and related compounds

Investigators.
Principal: C. L. Rollinson, Ph.D. (University of Maryland)
Associate: COL E. C. Knoblock, MSC

Description.

The study of the interaction of trivalent chromium with biological
materials that act as carriers and with insulin for which chromium is a
cofactor. This contract expired on 31 August 1969 and a final report
has been submitted.

Progress.

The final accomplishment of this contract effort was the development
of a process of sequential dialysis that permits the study of chromium
in interaction with a variety of biological materials.

Summary.

The contract terminated on 31 August 1969 and a final report has
been submitted.
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23. (U) To determine the nature and extent of microwave effects on central nervous
system neurotransmitters involved in thermoregulation and other autonomic functions.

24. (U) Chemical determination of changes in CNS levels and turnover rates of serotonin
and norepinephrine following exposure to microwave radiation and conventional thermal

stress.

25, (U) 69 05 - 70 06. Previous studies show that serotonin turnover is depressed by
chronic microwave irradiation and by chronic heat stress. Experiments are underway in
this new contract to determine relative efficiency of these two forms of energy in
stressing thermoregulatory system and to elucidate possible differences in mechanism
of action. For technical report see Walter Reed Army Institute of Research Annual
Progress Report, 1 Jul 69 - 30 Jun 70)
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 099, Further studies on the effect of microwave irradiation
on the turnover rate of serotonin and norepinephrine in rodent brain

Investigators.
Principal: Solomon H. Snyder, M.D.
Associate: LTC Harry C. Holloway, MC

Previous studies show that serotonin turnover is depressed by chronic
microwave irradiation and by chronic heat stress. Experiments are
underway in this new contract to determine relative efficiency of
these two forms of energy in stressing thermoregulatory system and to
elucidate possible differences in mechanism of action. Serotonin
levels and serotonin turnover rates are determined by quantitative
chemical procedures in rats exposed to microwaves at various strengths
and durations. Results are compared to those in animals not exposed
to the microwaves and to animals heated by infrared light. There are
no new data to report on this contract since it has only been in effect
for a month.
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turnover rate of serotonin and norepinephrine in rodent brain

Literature Cited

1. References: None
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23. (U) To study the effects of chronic nutritional deficiency of metallic trace ele-
ments in animals, with emphasis on detection of long-term degenerative processes. Ele-
ments include chromium, vanadium, nickel, germanium, indium, zirconium, arsenic, anti-
mony and tin.

24, (U) Animals were raised in a special laboratory allowing strict control of trace me-
tal contamination. Diets, deficient in a selected element, but supplemented with all
other essential dietary factors, are fed to animals during their life span. Chemical,
pathological, historical examinations and functional tests are made on deficient animal
groups receiving deficient, normal, excessive and toxic amounts of the element.

25. (U) 69 07 - 70 06 Completed study measuring cholesterol levels and glucose levels
on two diets using refined sugar versus brown sugar in chromium-deficient rats has
shown that cholesternl levels were lower with the brown sugar diet. Addition of triva-
lent chromium to the refined sugar diet produced similar responses in both groups of
animals. Life term study of rats for contamination by zirconium, niobium, antimony,
vanadium and lead in the presence of adequate chromium has shown antimony to be toxic
at five parts per million with increased glycosuria with zirconium, niobium and lead.
Cholesterol was increased by antimony and vanadium. Antimony and lead were greatly
increased in soft tissues. Trivalent chromium supplementation showed a protective
effect against lead toxicity. Term of the contract expired 70 03 31 and a final report
has been submitted. For technical report see Walter Reed Army Institute of Research
Annual Progress Report, 1 Jul 69 - 30 Jun 70.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Task 00, In-House Laboratory Independent Research
Work Unit 105, Metallic micronutrients and intermediary metabolism

Investigators.
Principal: H. A. Schroeder, M.D. (Dartmouth Medical School)
Associate: COL E. C. Knoblock, MSC

Description.

The technical objective of this work unit has been to study the
effect of chronic nutritional deficiencies in experimental animals.
Elements have included chromium, vanadiwa, nickel, germanium, indium,
Zirconium, arseric, antimony and tin.

Progress.

In order to evaluate biological effects of trace elements, mice and
rats were exposed for their lifetimes to small doses of each of 27
essential and abnormal elements in drinking water, in a laboratory and
on a regimen designed to avoid environmental contamination. Growth
rates, survival and longevity, microscopic pathology of tissues, concen-
trations of trace elements in tissues, and in rats, blood pressure,
serum cholesterol, glucose and uric acid, aortic plaques and lipids
and tumor rates were measured or examined. Surveys of the human en-
vironment for 21 elements in foods, water, vegetation, wild animals
were also made, by trace element analysis, and human tissue concentra-
tions for 6. Chromium deficiency induced elevated cholesterol and
glucose levels both on our regular diet and on a diet containing white
sugar. Selenite was toxic, selenate not. A zinc chelate of CDTA
abolished cadmium hypertension in rats and removed some renal and
hepatic cadmium. Cadmium feeding or injection raised blood pressure
and diminished responses to norepinephrine and angiotensin; these
changes were reversed by the zinc chelate. Chromium declined in Ameri-
cans but not fioreign human tissues with age. Preliminary conclusions
from this and previous work are that renal cadmium is an accessory
factor in human hypertension, its mechanism differing from that of
renal ischemic hypertension, that chromium deficiency may be an access-
ory factor in atherosclerosis, that other trace elements may suppress
spontaneous tumors in mice, and that a number of other trace elements
may suppress spontaneous tumors in mice, that selenium, rhodium and
palladium are carcinogenic and that a number of other trace elements
are either inert or exert vague toxicity not associated with any
demonstable disease. As a result of this work, two prevalent human
diseases have been reproduced in rats,
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1. A model for human arterial hypertension has been developed in
rats fed cadmium. The pathological and physiological criteria are
similar, e.g., hypertension, cardiac enlargement and renal arteriolar
hypertrophy and early sclerosis. The hypertension can be controlled
by removing the renal cadmium by chelation and replacing it with zinc
in the chelate.

2. A model for human atherosclerosis has been developed in rats
deficient in chromium and fed refined white sugar. The physiological
criteria are similar, e.g., relative hypercholesteremia which increases
with age, and mild to moderate hyperglycemia. The pathological mani-
festations were an increased incidence of aortic plaques and increased
aortic lipids. These three changes were prevented by the feeding of
trivalent chromium.

Summary.

The work unit has been terminated effective 30 June 1970 and a
final report has been submitted.
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] E Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 105, Metallic micronutrients and intermediary metabolism

Literature Cited.

See final report.
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23(U) Cell alterations such as those responsible for the untoward effects observed in
individuals exposed to ionizing radiation and thermal shock and for the difficulties
encountered in preserving cells and tissues through freezing, have military implications
and as such constitute the specific objectives of this study.

24(U) The situations constituting the objectives of this study are due to the development]
of structural and functional alterations among cells which were subjected to the influ-
ence described and survived. These alterations concern the progeny of the surviving
cells as well, and therefore lend themselves well to analysis through methods such as
cell culture which allow extended observations over many cell generations. Accordingly,
cell culture methods were used extensively in this study.

25(U) 69 07 - 70 06 In regacd to iouizing radiation it was found that cells irradiated
hile growing are capable of a greater number of post-irradiation divisions than cells
irradiated while stationary. In regard to freezing it was found that cells frozen during
the duplication of their genetic material survive considerably better and have fewer
hromosomal abnormalities than cells frozen prior to the initiation of this process. In
egard to heat shock besides acute cell death, inhibition of DNA synthesis and mitosis
during exposure to high temperatures gave rise to a subsequent synchronization of cell
ivision with no permanent effects on generation time or the chromosomal complement of
he cells. A small portion of the cell population continued to synthesize DNA during
@at shock suggesting thermotolerance.

or technical reports see Walter Reed Army Institute of Research Annual Progress Report,

Jul. 69 - 30 Jun ZQ;.
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3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Task 00, In-House Laboratory Independent Research
Work Unit 108, Alterations of cells surviving injury
Investigators.
Principal: Andre D. Glinos, M.D.
Associate: R. J. Werrlein, M.S., L.T. McAtee, Ph.D.; J.R.C. Brown,
Ph.D.

Problem and Background

While the mechanisms of cell growth and regeneration responsible for the
repair of tissues following injury have been under intensive investiga-
tion, not sufficient attention has been given to the genetic and meta-
bolic alterations of cells surviving injury. Yet such alterations are
of great military interest as illustrated by the fact that they are
responsible for the untoward effects observed in individuals exposed to
ionizing radiation and for the difficulties encountered in the use of
frozen cells and tissues for grafting (c.f. the work of Van Bekkum, et
al, in Holland supported by Army contract DAJA-68-C-0081 on the use of
frozen bone marrow preparations in the therapy of radiation injury).
Consequently the research objectives of this study were defined as the
analysis of the short and long range effects of ionizing irradiation,
freezing injury and heat shock in terms of the genetic and metabolic
alterations exhibited by cell populations exposed to these injurious
agents. The multidisciplinary approach required to attain these objec-
tives has been carried out in a joint effort with the Department of Zool-
ogy, University of 'laryland supported by Grant No. DA-MD-49-193-65-G148.
The major portion of the results obtained has been described in detail
in the annual progress reports of previous years. Accordingly, the
final integration of the results on heat shock described in the present
report represents the completion of this work unit.

Approach

In order to maximize experimental control, accuracy of quantitation and
analytical resolution, a well-defined in vitro culture system was used.
Stock suspension cultures of L-929 mouse fibroblasts, clone WRL 10A were
grown in Eagle's Minimum Essential Medium supplemented with ten percent
horse serum. Temperature of incubation was 35.5° and the gas phase 5%
COp in air. The stock cultures were maintained in logarithmic growth by
changing the culture medium on alternate days and adjusting the cell
population to 4 X 10° cells/ml. Under these conditions doubling time




was 18-22 hours and plating efficiency, determined on tryprinized
single-cell suspensions to avoid any errors due to clumping, 50 to 60
percent. The apparatus used to administer a 40.5°C heat-shock treat-
ment of 12 hours duration to the experimental cultures while maintain-
ing the control cultures at 35.5° is shown in Fig. 1. The spinner
flasks containing the cell cultures were placed on a magnetic stirrer.
A closed chamber was maintained around the flasks by sealing a plastic
hood over the upper surface of the magnetic stirrer and the incoming
gas bubbled through water in order to maintain a humid 5% CO, in air
gas phase. The heat-treated cultures were maintained at 40.5° by water
incubated from a water bath while a second water bath was used to main-
tain control cultures at 35.5°. Thermoprobes were used to monitor tem-
peratures in each culture flask, water bath, and incubator for one hour
preceding and during the 12-hour heat shock and for 12 hours following
the temperature shock. At the termination of the 12-hour heat shock
the experimental cultures were cooled rapidly or slowly according to the
experimental design. Rapid cooling was accomplished by running 35.0°
water through the water jackets of the heated cultures, while slow
cooling involved returning the cultures to the 35.5° incubator where
they eventually reached this ambient temperature. The parameters
measured were cell number, mitotic activity, plating efficiency, 34
thymidine incorporation and chromosone distribution.

Results and Discussion

It was found that the 12-hour heat shock resulted in a marked decrease
of the populatiivu density of the treated cultures because of extensive
cell death. There was also a decrease of the growth rates of these
cultur~s which was most marked during the first six hours. The de-
creaseu growth rate in these cultures was a reflection of cell death
but also of a reversible inhibition of cell division. Thus, within the
first hour after the initiation of the thermal shock there was a com-
plete absence of mitotic figures. This suggests that the inhibition
affected cells just ready to enter mitosis, i.e. the "antephase' cells,
since inhibition at the G;, S or G, stages would have resulted in a
gradual rather than sudden elimination of the mitotic cells. On-going
DNA synthesis of cells in the S phase was also inhibited with the
initiation of the heat-shock treatment but as a whole DNA systhesis was
inhibited more gradually than mitosis and therefore it is unlikely that
it was the main factor responsible for inhibiting cell division. 1In the
hours following the onset of the treatment the entry of new cells into
the S period of DNA synthesis was also prevented.

Following termination of the treatment and return of the cultures to

35.5° there was a 2-hour lag period before DNA synthesis was resumed. It
is probable, that during this lag period, untoward thermal effects on en-
zymes involved in DNA synthesis were reversed and enzyme activity resumed.

24




The end of the heat-shock treatment was followed by partial synchroni-
zation of the cell population manifested by mitotic peaks at 30, 48
and 63 hours. In terms of DNA synthesis this synchronization was mani-
fested by a peak which occurred prior to the peak of mitosis at 30
hours.

While these peaks in DNA synthesis and mitosis refer to the entire popula-
tion, on an individual cell basis recovery from thermal shock was
detected earlier through the appearance of the first 3u thymidine label-
led nuclei, two hours after the cultures were returned to 33.5°, and
through the progressively increasing nuclear size of the treated cells
between the 16th and the 20th hour. While during the thermal shock the
inhibition of cell division rendered the generation tsme of the popula-
tion indeterminant, pulse labelling experiments with “H thymidine at

24 hours, revealed that the cultures had returned to an 18-hour genera-
tion time which was approximately the same as in the control cultures.
As there was an 18-hour delay in cell division following the termination
of the heat shock it is suggested that thermal shock caused reversion

of the cells to the early G, stage of the cell cycle.

It is noteworthy that during thermal shock 3H thymidine incorporation
continued uninterupted in approximately 7% of the cells suggesting the
possibility that a portion of the population is thermotolerant.

Finally, the frequency distribution of the chromosomes of the treated
cells determined 4 generations after the heat shock showed no signifi-
cant difference from the controls.

Conclusions and Recommendations

From the point of view of scientific interest as well as of potential
military applications, two of the findings outlined in the previous
section merit special attention.

The first refers to the possibility of thermoresistance in part of the
cell population subjected to heat shock. This was reflected by the

fact that apgroximately seven percent of the treated cells continued to
incorporate “H thymidine from the second to the twelfth hour of the

heat treatment. While this is a relatively small number of cells if
compared with the 457 of the control cells which were in DNA synthesis,
it should be considered that the actual number of thermotolerant

cells might be significantly higher since such _cells in Gi, Gy and M
phases would nct be detected by the methcd of “H thymidine incorporation.

The second finding refers to the reversion of heat shocked cells to the
G1 period as indicated by the timing of the partial synchronization of
the population after termination of the heat treatment. Current con-
cepts regarding the mechanism of this cellular set-back, involve
partial inhibition and inactivation of RNA messengers necessary for the
synthesis of the protein initiatingzcsell division.




L
The overall results obtained during the course of the work in this sub-
task may then be summarized as follows:

a) In regard to ionizing radiation it was found that cells irradia-
ted while growing are capable of a greater number of post-irradia-
tion divisions than cells irradiated while stationary.

b) 1In regard to freezing it was found that cells frozen during
the duplication of their genetic material survive considerably
better and have fewer chromosomal abnormalities than cells
frozen prior to the initiation of this process.

c¢) In regard to heat shock, besides acute cell death, inhibition
of DNA synthesis and mitosis during exposure to high temperatures
give rise to a subsequent synchronization of cell division with

no permanent effects on generation time or the chromosomal comple-
ment of the cells. A small portion of the cell population continued
to synthesize DNA during heat shock suggesting thermotolerance.

A e S A o,

The precise molecular mechanisms responsible for these effects are not i
known and this makes difficult their utilization in the relevant areas of
military medicine. On this basis, it is recommended that these studies
be resumed as soon as the funding situation is improved.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Rescarch
Work Unit 109, Nuclear-cytoplasmic transplantation

Investigators.
Principal: Richard D. Estensen, M.D.
Associate: COL Lyman P. Frick, MSC

Preliminary work at WRAIR confirmed observations by Carter (1967)
that the drug cytochalasin B (CB) had two dramatic effects. First, at
doses of 1 ug/ml in cultures of mouse fibroblasts (L-cells) the drug
stopped cytoplasmic division (cytokinesis) while allowing nuclear di-
vision (karyokinesis) to proceed. Second, at doses of 10 ug/ml a
significant number of celk were enucleated, leaving nuclei surrounded
by plasma membrane and intact cytoplasm in a culture. The latter ob-
servation served as a basis for the suggestion that nuclear transfer or
exchange might be accomplished through the use of Sendai virus cell
fusion (Okada, 1962). Investigations sinze the beginning of the con-
tract in August 1969 have been directed toward determining the feasi-
bility of this methodolcgy. Two areas have been studied: 1) the
mechanism of cytokinesis through the use of low doses of CB; and
2) nuclear transfer through the use of CB in high doses.

1. Mechanism of cytokinesis -- Two experimental systems have been
used to study low dose (1 pg/ml) effects of CB: 1) N1S1-67 (Novikoff
rat Hepatoma) cells; and 2) Xenopus laevis embryos. Experiments on
N1S1-67 cells in cullure have shown that the drug prevents cytokinesis
immediately without cell death or loss of viability. The inhibition can
take place as late as metaphase in these cells. Work on Xenopus larvae
suggests that irreversible inhibition of cytokinesis takes place in a
relatively well defined time period. This suggests that such a time
period may well exist in N1S1-67 or other mammalian cells. Experiments
on synchronized cells will indicate if such a period of drug sensitivi-
ty also exists in mammalian cells. N1S1-67 cells exhibit an increase in
numbers of nuclei and cell volume that is comparable to related param-
eters of cell growth in control cultures. This indicates that inhi-
bition of general cell functions is relatively unaffected by CB.
Further uptake of 3H labeled precursors of DNA, RNA, protein and mem-
branes is similarly unaffected by the drug, which gives added support
to the morphologic observation that cell growth is undisturbed since
these subdivisions of cell growth are nct affected. Morphologic observa-
tions of growth in Xenopus embryos indicate a similar pattern. While
the foregoing suggests that the process affected is specifically cytokin-
esis, further study has indicated that other processes that are morpho-
logically similar--in that membrane fusion takes place--to cytokinesis,
such as phagocytosis, may also be affected. These observations have
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led to preliminary exploration of inhibition of phagocytosis and
pinocytosis and consideration of other cell processes which involve
membrane fusion.

Efforts are underway to label CB with 3H and to isolate the pure
form of radiocactive drug. Such a compound will be useful in further
description of the mode of action of the drug and its relationship to
the process of cytokinesis.

A study of the ultrastructure of CB treated Xenopus embryos has
been started. This has led to a new method of fixation of the embryos
which makes possible studies which have not been possible before.

2. Nucleo-cytoplasmic transfer -- The concept of fusion of cyto-
plasm and free nuclei treated with CB needed several exploratory steps.
First, a plasme. membrane was necessary for fusion to take place.
Ultrastructural studies have demonstrated the presence of a plasma
membrane surrounding the extruded nucleus. - Further, cells treated
with CB could be fused with Sendai virus. It has been possible to
enucleate cells and to fuse enucleated cytoplasm to chicken red cells.
The resultant hybrids show incorporation of RNA precursors indicating
that the cytoplasms were capable of supporting a transplanted nucleus.
However, the final step remains to be accomplished, i.e., the transfer
of enucleated nuclei from orne cytoplasm to another. The technique can
offer exciting possibilities of study of nucleo-cytoplasmic interac-
tions as well as possible therapeutic applications, e.g., restoring

loss of enzyme or other activity in patients by transplanting competent
nuclei into their own cytoplasms.
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( Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 113, Effect of physiological and psychological stress
l upon infection and disease

Investigators.
Principal: John W. Mason, M.D.; COL Edward L. Buescher, MC

Description.

This study was designed to explore the possibility that stress=-
related, pre~-illness changes in hormonal levels ma, play a
contributory role in the pathogenesis of acute respiratory infec~
tions. The feasibility of the study was suggested by the high
incidence of acute ademovirus infections in Army recruits during
basic training in the winter months at Ft, Dix, New Jersey.
Furthermore, the great majority of such illnesses usually are
clustered during the third and fourth week of basic training,

It was, therefore, possible to study a population in which a very
high incidence of respiratory illness could be predicted within
a designated two-week period.

Progress.

All hormrnal and statistical analyses on this project are now
complete,.

Sunmary and Conclusions.

Because of several striking pre~illness hormonal dilfcrences in
the sick and control groups, it is felt that the findings of this
study merit publication and preparation of the manuscript is now
in progress.
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Task 00 In-House Laboratory Independent Research

Work Unit 113 Effect of physiological and psychological stress upon infection
and disease
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23. (U) To characterize the intestinal lesions of tropical sprue and infectious
hepatitis and to attempt to identify virus varticles in specimens from patients with

24. (U) By electron microscopy intestinal specimens from U. S. soldiers with infec-
tious hepatitis and tropical sprue are being studied to show the changes that occur,
relate them to physiologic abnormalities and attempt to demnwstrate viral particles.

25. (U) 69 07 - 70 05 No progress was achieved durinz the period of this report
because of the wmavailability of a functioning electron microscope. Project was
continued for one year without additional funds. For technical reports see Halter
Reed Arwy Institute of Research Anmual Progress Report, 1 Jul 69 - 30 Jun 70.
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Project 3A061101A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Task 00, In-House Laboratory Independent Research

Work Unit 118, Electron microscopy of intestinal epithelium

Investigators.
Principal: Roberta Hartman, Ph.D.
Associate: Richard Hartman, Ph.D. and COL Marcel E. Conrad, MC

No work was performed under this contract during this fiscal year for
technical reasons beyond the control of the investigators. A final
report of the progress accomplished during the period of support has
been submitted.
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Project 3A061101A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 118, Electron microscopy of intestinal epithelium

Publications.

None.
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Only a triple supercoiling of DNA helix can explain the high

For technical reports see Walter Reed Army Institute of Research
Annual Progress Report, 1 Jul 69-30 Jun 70.

Characterization of nucleoprotein

There are also 0.5 X 10

OD,%3%v..1498

PREVIOUS EDITIONS OF THIS FORM ARE OMSOLETE. OO FORMS 1498A. | NOV e8
AND 1498-1, | MAR 68 (FOR ARMY USE) All3§llOLlTl.




e’ it o e

Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 119, Cytochemical analysis of growth of malarial parasites

Investigators.
Principal: Gunter F. Bahr, M.D.
Associate: CPT C. Meszoely, MSC

The application of highly sensitive techniques for dry mass, DNA,
RNA, and other cytochemically determinable substances is a specialty
of the Biophysiecs Branch of the AFIP; some of these techniques, such
as quantitative electron microscopy are world-exclusive of this group.
Progress in this project is supported in the following paragraphs.

a. Dr. G. F. Bahr and U. Mikel prepared a manuscript "The Arrange-
ment of DNA in the Nucleus of Rodent Malaria Parasites." A summary of
this paper is that nucleoprotein in malarial parasites is organized in
tortuous, bumpy fibrils of 420 A diameter. There are about 100 mu of
fibers in one merozoite nucleus. There are also 0.5 x 10-13 g DNA in
one parasite nucleus, wvhich have a total length of over 15,000 p. DNA
double helix is thus packed into chromatin fibers at a ratio of 150 p :
1 p fiber. Only a triple supercoiling of DNA helix can explain the
high packing ratio.

b. A parallel investigation into the arrangement of mammaiian
chromatin as suggested by E. Bueding during the 1969 Panel Workshop on
Malaria has been progrecsing rapidly in collaboration with Captain H.
Golomb, MC, USA. Results from such studies are currently transferred
to a computer file. This file serves as a general repository for quanti-
tative information on chromatin throughout the animal kingdom inclusive
of parasites such as malaria.

¢. Ultrastructural investigations have been carried out by Captain
Charles A. M. Meszoely, MC, USA. This ultrastructural study on material
prepared with improved freeze etcning techniques emphasizes the third
dimensional aspects of the parasite, complementing and confirming
earlier morphological studies on thin sections. Our study demonstrates
a very intimate relationship between the conoid region and the pellicu-
lar complex suggesting that this region is highly specialized, differ-
ing markedly from the surrounding surface areas. An estimated nuclear
pore count of between 30-40 is obtained for the parasite and a count of
over 100 for the host erythrocyte nucleus. A surface view of the cyto-
stome shows it to be a simple depression on the plasma membrane with an
orifice of 800 A. The surface appearance of the outer-most trophozoite
membrane is smooth, while the inner surface of the inner-most membrane,

40




where it contacts the cytoplasma, is rough. The interphase membrane
surfaces between outer and inner membranes also appears smooth., Other

cell organelles are also presented in the third dimension and briefly
described.
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23. (U) To perform detailed epidemiologic studies in Thailand of certain traits, inc-
cluding various hemoglobins and blood enzymes, as they may relate to susceptibility
or resistance to selected epidemic diseases.

24, (U) Examination of specimens collected from femily and tribal groups in Thailand.
Serologic and biochemical studies to be performed mainly in the U.S.

25. (U) 69 OT - 70 Ok Term of the contract expired 70 O4 30, and a final report is

in preparation. Differences in gene frequencies which have been observed in the 10
provinces in Thailand which were studied suggest that genetic drift and founder effect
play a large role in so-called micro-differentiation within provinces. Whereas the
differences ir gene frequencies in the various provinces do not correlate perfectly,
the fact that so many gene frequencies vary so much from one region to another
suggests that this variation is more likely to be due to gene flow or migration rather
than differential selective values throughout the country. If, for example, the high
frequency of thalassemia were the only characteristic of the Northern Thai, malaria
selection pressure would be a reasonable explanation. If a rational relationship were

apparent for several other genetic characteristics in this area, one might still invoke
selection. For instance, malaria might select for genetic mutants of the Hb, GEPD and
haptoglobin loci since all three of these proteins are involved with the integrity of
the red blood cell. There is no rational basis for invoking entities such as the blood
groups, for example, in a selection model. Migration seems a more likely common
denominator. For technical reports see Walter Reed Army Inst tute of Research Annual
Progress Report, 1 Jul 69 - 30 Jun 70.

[*4 vailabdle to confractors o) tor's vel.
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iiw Project 3A061101A91C iN-hOUSE LABORATORY INDEPENDENT RESEARCH

Task 00, In-House Laboratory Independent Research

Work Unit 123, Population genetics of hemoglobin E, thalassemia, and
related genetic polymorphisms in Thailand

Investigators.
Principal: Donald L. Rucknagel, M.D.
Associate: COL Lyman P. Frick, MSC

The Thai population data have been analyzed using the following
general approach. The phenotype frequency was determined for all of
the genes after separating the Thais from hill tribesmen. From the
total Thai sample we then removed first the children and then related
adults. The frequency of genetic traits in the total or corrected
sarples did not differ significantly. These manipulations were neces-
sary to deal with the randomness of the samples, because even truly
random samples of small endogamous populations will contain relatives.
Since we did not know precisely the mating structure of our populations
we had no other more direct approach to the question of whether we had
ascertained an inordinate number of relatives. We then calculated gene
frequencies for each genetic system in each village and in each province
and compared them statistically and for adherence to the Hardy-Weinberg
equilibrium.

The anthropometrics and other quantitative variables such as uric
acid and serum iron levels were analyzed by regressing onto age and
then comparing between groups by covariance analysis. Group ccmpari-
sons included comparisons between provinces in Thailand, between sexes,
and for attributes such as serum iron and hemoglobin levels between the
hemoglobin E, thalassemia, and normal phenotypes.

E N

i In view of the complexity of the study a table is appended to dem-
onstrate some of the findings. First, there is a great deal of hetero-
geneity in gene frequency within provinces in Thailand (nct shown in
the table) which cannot be attributed to small sample size. Despite
this variation, gene frequencies appear to vary systematically in the
country as Jjudged from the ten provinces which we have studied. In
Northeastern Thailand, in additicn to the high frequency of Hb E, the
Thai electrophoretic variant on ceruloplasmin, transferrin D, blood
group Ms, and secretor are more frequent than in other areas; Lewis
(a+b-), and 6-phosphogluconate dehydrogenase type B are somewhat less
frequent. Frequencies in Surin are strikingly out of line with those
elsewhere in Northeastern Thailand, suggesting that Cambodians are some-
what different. For instance, the frequencies of ceruloplasmin Thai,
secretor, Lewis(a-b-), and blood group B are greater; blood groups O
and Ns are less frequent than elsewhere in this region.
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In Northern Thailand the beta-thalassemia gene is most frequent.
This does not appear to be derived from the hill tribesmen inasmuch
as it was nearly absent from our small series of tribesmen. This
region is characterized by elevated levels of glucose-6-phosphate
dehydrogenase deficiency, Diego blood group, and Ms, and lower fre-
quencies of 6-phosphogluconate type B, secretor, blood group B, and MS.

Southern Thailand is characterized by an elevated frequency of MS,
and lower frequencies of hemoglobin E, G-6-PD deficiency, Ms, and
Lewis(a-b-) than in most other areas.

The analysis of anthropometric measurements shows a large number
of non-systematic differences between provinces.

Some systematic differences are apparent, however. For instance,
individuals in Northern Thailand appear significantly smaller than
those examined elsewhere in the country. Interpretation of these dif-
ferences will be difficult, until statistical inter-racial distance
measurements are completed; these are in progress.

The differences in gene frequencies outlined suggest that genetic
drift and founder effect play a large role in so-called microdifferenti-
ation within provinces. Whereas the differences in gene frequencies in
the various provinces do not correlate perfectly, the fact that so many
gene frequencies vary so much from one region to anoth¢r suggests that
this variation is more likely to be due to gene flow or migration rather
than differential selective values throughout the country. If, for in-
stance, the high frequency of thalassemia were the only churacteristic
of the Northern Thai, malaria selection pressure would be a reasonable
explanation. If a rational relationship were apparent for several
other genetic characteristics in this area, one might still invoke
selection. For instance, malaria might select for genetic mutants of
the hemoglobin, glucose-6-phosphate dehydrogenase, and haptoglobin loci
since all three of these proteins are involved with the integrity of
the red blood cell. We have no rational basis for invoking entities
such as the blood groups, for instance, also in a selection model.
Migration seems a more likely common denominator.

The gene frequency data have been collated, and the terminal report
is being prepared on the descriptive aspects of the study. The fertili-
ty data have been analyzed in a preliminary fashion but set aside for
the moment because they present special problems in analysis for which
we have not as yet worked out the methodology.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independ~»nt Research

Work Unit 123, Population genetics of hemoglobin E, thalassemia, and
related genetic polymorphisms in Thailand
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23 (¥) A method of encoding planar graphs which is minimal in length has
previously been described by list coding as ideal from a computer point of
view. It 1s not recognizable to a chemist. The technical objective of
this work is to develop & mechanism for decoding this computer notation.

to constitute a "picture.”" The technique involves the routing of the
chemical graph on a plane starting from an edge rather, than from the cente
or centers of the graph.

25 (U) 69 07T - 69 09 The contract with the University of Toronto is con-
cerned with the problem of isomorphism with the specific objective of at-
tempting to stay within the parenthesis-bracket code for representation of
chemical structures and yet so manipulate the cord as to obtain a tree per;
mitting easy coding and decoding of the notation to conventional chemical
projections. The theoretical study on the mathematical properties of

24 (U) The parenthesis code is to be translated back into coordinates so a#

p

programs involving the manipulations of chemical structures. Some,of thes
techniques are to be incorporated in the program for the new WRAIR comp-
uter. During the past year, significant progress has been made on the
problem of graph isomorphism and it is expected that this work will cul-
minate in a Masters Thesis during the coming year. Term of the grant ex-

pried 69 09 30 and a final report is pending. For technical report see

Walter Reed Army Institute of Research Progress Report, 1 Jul 69 - 30 Jun

® 4 warlaMe 1o (ontractars u orignaters e wal. 70

chemical dlagrams continues to be of profound importance for the computer *

DD FORM 1498 PREVIOUS EDITIONS OF THIS FORM ARK OBSOLETE. OO0 FORMS 1408A, } NOV o8
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Project 3A061101 A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Task 00, In~-House Laboratory Independent Research

Work Unit 12L, Encoding of planar graphs for chemical structure retrieval

Investigators
Principal: Dr. C. C. Gotlieb
Associate: Dr. A. H. Lehman

Description

This work seeks to elucidate the theoretical (mathematical) considera-
tions in the development of a linear description of planar graphs. The
standard representation of organic molecules is mathematically equivalent
to a graph with colored vertices. A thorough understanding of these
theoretical problems is necessary to insure that a chemical information
system developed along these lines is not mathematically unsound.

There are three problems which are of importance.

The first is the development of an efficient notation for the description
to the theoretic~al limits necessary for the unequivocal representation
of the structure. The representation presently under development is the
"parenthesis~bracket code".

The second problem is that of graph isomorphism, i.e., the determination
of whether one graph is identical with another.

The third problem is that of inclusion, i.e., given two graphs, is one
of them contained within the other?

Progress

The contract with the University of Toronto is concerned mainly with
the graph isomorphism aspect of the problem. The objective is to remain
within the parenthesis-bracket code and dewrelop a method for manipula-
tion of the code to permit a canonical representation. The application
of mathematical properties of planar graphs to chemical structure con-
tinues to have significant importance for computer programs involving
the manipulation of chemical structure.

Summary and Conclusions

The development of sound procedures for the handling of chemical struc-
tures is of fundamental importance. During the past year significant
progress has been made in developing an algorithm which will be useful
for the programming connected with chemical identity.
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23 (U) To provide, in a readily accessible form, all data contained in
Tropical Diseases Bulletin, Volumes one through sixty-three.

24 (U) Several approaches are being made to determine how this data can be
most economically obtained, i.e., from existing indices, from keywords in
text and title, etec.

25 (U) 68 07T - 69 12 A data base in searchable format was completed for
volumes forty-five through sixty-three of TDB, the subject, title and
author indices for these volumes were also generated. FMull text from
volumes one through forty-four of TDB remains to be processed. ‘The subject)
title and author indices from volumes one through sixty-three are now storef
on data cells to allow computer assisted searching. This implementation
has resulted in a much greater coverage of each search question., Term of
contract expired 69 12 31, and a final report is being awaited. For tech-
nical report see Walter Reed Army I :stitute of Research Annual Progress
Report, 1 Jul 69 - 30 Jun 70.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 127, Machining the Tropical Diseases Bulletin for use on search
services to WRAIR and USAMRDC personnel

Investigators
Principal: Mrs. P. Parkins
Associate: CPT Robert 0. Pick, MSC

Description

The purpose of this investigation is two-fold. The first is to put into
digital form all the information contained in the Tropical Disease
Bulletin, Volumes 1 through 63, o that digital searching and digital
display of appropriate abstracts can be achieved. The second objective
is to develop capabilities for the handling of full text on a file of
limited but yet significant size.

Progress

A data base consisting of full text, subject, title, and author indices
for Volumes 1 through 63 of the Tropical Disease Bulletin has been
machined.

Summary and Conclusions

This work is completed. The speed of input has been such that the
building of the full text system rather than an abbreviated text system
is feasible as a result of the detailed instructions generated for the
typists. The availability of the Tropical Disease Bulletin in digital
form is expected to improve WRAIR's coverage of both tropical diseases
and geographic areas.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 127, Machining the Tropical Diseases Bulletin for use on search
services to WRAIR and USAMRDC personnel

Publications

None.
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metals in health, disease and toxicology within the Army Medical Department.

interaction with substrates. Emphasis will be placed on antagonistic or additive
effects with related groups of elements. Initially, efforts will be limited to the
following block of elements - manganese, copper, zinc, selenium, vanadium, cobalt and

iodine.

analytical chemistry methodology development and application to military clinical
problems. Procedures for determining quantitatively concentrations of metallic ele~

ments in biological fluids and tissue have been developed to a highly routinized state
and are being applied in support of clinical activities in the opthamology and gastro-
enterology clinics of the Walter Reed General Hospital and biomedical research activi-
ties of the Division of Experimental Surgery, WRAIR. The activities within this work
unit are consolidated into a work unit entitled Biochemical Methodology and Laboratory
Automation. For technical reports, see Walter Reed Army Institute of Research Annual
Progress Report, 1 Jul 69 - 30 Jun 70,

Ay munber. Proe: )
23. (U) To establish modern methods of qualitative and quantitative analysf:for trace

24, (U) Utilizing atomic absorption spectrometry and neutron activation analysis, con-
centrations of trace elements will be defined in terms of sites of action and catalytic

25. (U) 69 07 - 70 06 This work unit has been integrated into the broader programs of
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Project 3A061101A91C, IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Task 00, In-House Laboratory Independent Research
Work Unit 170, Trace metal concentrations in biological matrices

Iavestigators.
Principal: LTC C. R. Angel, MSC
Associate: B. G. Bass, B.S.; E. A. Levri, M.S.;
R. T. Lofberg, Ph.D.; LTC D. T. Mahin, MC;
MAJ A. R. Rosenthal, MC (Division of Surgery).

Description.

The objective of this work unit has been to define and quantify the
concentration of metals in a variety of biological matrices. A series
of attempts to correlate the measurements of metal concentration with
clinically defined states have been made. This work unit is to be ter-
minated and combined with other analytical chemistry efforts as a part
of the chemical mission of the Division of Biochemistry.

Progress.
1. Methodology.

Methodology eftorts during the reporting period have been confined
to refinement of neutron activation analysis and atomic absorption
spectrometry for metal ions such as manganese, copper, zinc and iron.
Reproducability and precision have been examined for each of the stand-
ardized procedures. Each one of the procedures for metal ions has been
offered as service to the Walter Reed General Hospital, First Army Area
Laboratory, Armed Forces Institute of Pathology and the Albert Einstein
Medical College. Of the two principal methods employed, concentration
of effort has been on atomic absorption spectrometry. This technique
in most instances provides adequate information for most biochemical &nd
physiological studies. With the shut down of the reactor facility, no
further activity on neutron activation analysis techniques is contempiated.
If neutron activation analysis is deemed appropriate for specific mission
oriented research, neutron irradiation can be accomplished at the
Diamond Ordnance Radiation Facility by coordination with that activity.

2. Biological studies.

The studies performed have been varied and limited to examination of
biological matrices for sodium, copper and iron levels in a variety of
specific clinical situations. Each study has been evaluated and brought
to an orderly close. Further efforts will be examined in terms of missions
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assigned by the Director, WRAIR. A summary of the major efforts is pre-
sented below:

a. Vitreous evaluation in globes containing intraocular foreign
bodies.

As previously reported in the WRAIR Annual Report, FY 69, the
analysis of intraocular foreign bodies for certain metallic elements
allows the military opthalmologist to base clinical position relative
to treatment on the analysis of the foreign body. During the reporting
period such analyses have been performed for a number of ophthalmology
services in hospitals within the Army Medical Department. The Division
of Biochemistry will continue to provide service support in this area.

b. Analysis of serum and urine in patients with serum hepatitis and
Wilson's disease.

As previously reported, copper and zinc levels in serum and urine
has been proven to have diagnostic value in these clinical situations.
Normal values for the laboratory making the measurements have been estab-
lished and the analysis of numerous cases compared with established norms.
As atomic absorption spectrometry is available in the clinical laboratory
of most hospitals, these tests can become a routine procedure.

c. Cystic fibrosis screen by activation analysis.

The analysis of the sodium content of fingernails by neutron
activation analysis as a diagnostic test for cystic fibrosis has been
proposed and a number of institutions have made a number of claims rela-
tive to its reproducibility and accuracy. Studies performed in this
laboratory indicate that the condition of the nails is an important con-
sideration. It is also postulated that this technqiue is really an
expensive sweat test and could be carried out successfully by more con-

ventional means.

Summary and Conclusions.

The activities of this work unit has been confined to the application
of previously developed techniques by means of applicatory studies. The
work unit is to be terminated and the effort consolidated with analytical
chemistry efforts within the Division of Biochemistry. Many of the pro-
cedures developed can be handled on a routine in the hospital laboratory.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 172, Migratory animal pathological survey

Investigators.
Principal: H. Elliot McClure, Ph.D.

Operations of the MAPS project during 1969-70 have continued
according to plan. The project consists of a coordinating group in
Bangkok, Thailand, and a varying number of collaborating investigators
in Korea, Japan, Taiwan, Philippines, Thailand, India, Indonesia, and
Malaysia. In general, these investigators capture birds of different
species, identify them, collect blood and ectoparasite specimens which
are shipped to the Bangkok group, band the birds and then release them,
hopefully for recapture later. By this means information is obtained
on the distribution and migration of birds and their role in the dis-
semination of infections of medical and veterinary importance.

The latest available detailed information on the project is for
the year 1968-69. Including records for that year, a total of 820,000
birds of 1060 species have been banded during the five years of the pro-
Ject. There are records now on 1762 recoveries from 182 species. These
data have given a picture of the great movement and migration routes of
birds across the land mass of Asia. A total of 259 species of ectopara-
sites have been identified from 739 bird species. This does not include
40 species of feather mites. Other identifications are in progress. A
number of known disease vectors have been reported in the collections.
To date, over 21,000 blood smears from about 700 species of birds have
been studied and another 20,000 slides are awaiting processing. Up to
now, 47% of the species have had infections of haematozoa, trypancsomes
or microfilaria, and 16% of all blood films have been positive.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 174, Applications of electroanalytical techniques to bio-
chemistry and clinical chemistry

Investigators.
Principal: W. C. Purdy, Ph.D. (University of Maryland)
Associate: COL E. C. Knoblock, MSC

Description.

The technical objective of this work unit was to extend the prin-
ciples of electroanalytical chemistry to biological and clinical chem-
istry.

Progress.

The work covered by this report has been carried out by four ana-
lytical techniques: coulometry, polarography, chronopotentiometry, and
atomic absorption spectroscopy.

Coulometric titrations have been applied to the determination of
amylase in serum. Coulometrically generated bromine was used to oxi-
dize copper (I) to copper (II). The end points were detected biampero-
metrically with an applied potential of 200 mV. The analysis is based
upon the Sax and Trimble modification of the standard Somogyi sac-
charogenic procedure. A large number of Versatol samples were analyzed,
employing a total sample size of 100 u1. The coulometric procedure was
used to analyze a number of sera which had been analyzed at another
laboratory and a comparison of results was made.

The constant current coulometric technique was applied to the titra-
tion of the sodium salts of several barbituric acid derivatives in
aqueous and partially nonaqueous solutions, and to the analysis of
allylic barbituric acid derivatives in blood serum samples. In the
former case the titrant was electrogenerated mercury (II), and in the
latter case the titrant was electrogenerated hromine. In both cases
the biamperometric end point detection system was employed.

Glutathione is determined by coulometric titration with generated
silver ion after precipitation of the protein in a 100-p1 blood sample
with metaphosphoric acid. The results of the coulometric determination
compare well with those obtained by an accepted colorimetric method.

Phosphatases are determined by bromination of the p-nitrophenol
released by enzymatic cleavage of p-nitrophenyl phosphate. Various
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parameters associated with this reaction have been investigated includ-
ing the choice of the proper substrate. Several techniques have been
employed among which the "Constant excess bromine titration" method
appears to give the best results.

Salicylates are titrated with bromine which is generated from a
solution containing potassium bromide and sulfuric acid. The method
employs a sample size of 100 u1 of serum and routinely covers the range
of 3 to 55 mg %. Methods are now being developed for the separation of
salicylic acid from gentisic and salicyluric acids.

The polarographic characteristics of 14 amino acids in dimethyl-
sulfoxide have been studied. Several other electrochemical techniques
" have been used to help elucidate the equilibria that may be present.

A Cd(Hg), CdC12 reference electrode was designed for uce in dimethyl-
formamide. This electrode, when used in a 3-electrode system, gave a
potential reproducible to + 5 mV. When employed at constant temperature,
the drift was less than the experimental error involved in graphically
interpreting the vanadium half-wave potentials.

The polarographic technique was applied to a solution of vanadyl
sulfate in dimethylformamide using 0.1 F tetraethylammonium perchlorate
at the supporting electrolyte. The three resulting polarographic waves
were examined and a mechanism was proposed to explain the waves. The
mechanism involved an inermediate vanadium (III) dimer that is the pro-
duct of a vanadium (IV) - vanadium (II) reaction. This intermediate
then breaks down to the monomeric (III) state. The mechanism was
studied using optical, constant-potential coulometric, and fast-sweep
polarographic techniques. The final polarographic wave is attributed
to a solvent bridge connecting the electrode with the vanadium (II) pro-
duced at the electrode. This bridging structure allows the solvent to
be reduced at a potential more positive than when vanadium is absent.

Final modifications on the differential derivative chronopotentio-
graph have now made it possible to determine what we consider to be
the best estimate of the transition time. This is crucial for the
kinetic studies which we intend to make.

Summary.

This represents the final report under this work unit as the con-
tract is terminated effective 30 June 1970.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory ’ndependent Research
Work Unit 175, X-ray diffraction studies of biological interest

Investigators.
Principal: J. M. Stewart, Ph.D. (University of Maryland)
Associate: LTC C. R. Angel, MSC

Description.

The objective of this work unit is to evaluate a series of chemical
compounds of Earticu1ar therapeutic value by means of X-ray crystallo-
graphy. The knowledge derived from such studies greatly enhances the
explanation of functional structural interrelationships.

Progress.

During the reporting period, emphasis on this work unit has been
directed toward the determination of the crystal structure of a series
of antimalarial compounds of therapeutic interest. Included among the
more important of these are diaminodiphenylsulfone (DDS), chloroquine
phosphate, methylene blue, and 1-(3',4'-dichlorobenzyloxy)-2,2 di-
methy1-4,6-diamino-1,2-dihydrotriazine hydrochloride. The crystal
structure of each of the above compounds has been solved and informa-
tion on molecular geometrics, hydrogen bonding obtained. Intensity
data have been collected for quinine sulfate, 2-methyl-4-aminoquinoline.

Metal complexes of 8-aminoquinoline, chloroquine and diaminodiphenyl
sulfone are well along or have been initiated. Studies on the binding
of phosphate ion to chloroquine and primaquine have been initiated and
are well advanced. Solution of these problems involving metal chelates
can be expected to provide valuable information on the molecular loca-
tion of binding sites.

Important spin off studies are being processed in a revision of
computer programming for crystallographic data. The developed programs
have currently led to the proving of the crystal structure of diamino-
diphenyl sulfone, an acentric crystal.

Summary.

Data continues to accrue on the crystal structure of important
antimalarials as well as their coordination chemistry and the ability
of these compounds to form metal chelates.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 177, Tropical Diseases Bulletin information retrieval
system

Investigators:
Principal: William Mong

Description

The research effort formerly under this work unit was transferred
to work unit 190 due to the transfer of the principal investigator,
Mr. Harry Voccola. Mr. Mong's effort has been to support the
investigations conducted under work unit 190.

Progress

Programs for merger, edits, and character combination frequency
counts were wriiten to aid in the building of the Tropical Disease
Bulletin data base. These programs have been completed and
delivered. Production of the data base proceeded according to
schedule. Production details are enumerated in work unit 190.

Sumary and Conclusions

This work unit has been terminated and the research is now being
carried on under work unit 190.
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ethyl, cyclopentyl and cyclohexyl groups.

2% (U) Through procedures available in tha chemical literature, with modification as
required,

25 (U) £y 07 - 70 03. The alternative approach to synthesis of ethyl p-nitrophenyl
w-aminoalkylphocphonates, based on the Tjioe's procedure involved the formation and
subsequent hydrazinolysis of ethyl p-nitrophenyl w-phthalidimidoalkanephosphonate, |
The formation of the requisite precursors was achieved, however, all attempts to
selectively remove the phthaloyl blocking group via hydrazinolysis were unsuccessful
since the competing esterolysis reaction complicated the selective imidolysis re-
action of ethyl p-nitrophenyl w-phthalimidio alkanephosphonates, Term of the
contract expired 70 03 31 and a final report is pending, For technical report see
Walter Reed Army Institute of Research Annual Progress Report, 1 Jul 69 - 30 Jun 70,

Term of the contract expired 70 03 31 and a final report is pending, For tect °
report see Walter Reed Army Institute of Resecarch Annual Progress Report, 1 J.. oY%

30 Jun 70,
i
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Project 3A061101A91C IN.HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 179, Novel synthesis of organophosphonates
Investigators,

Principal: Stanley J, Brois, Ph,D,
Associate: Elmer L, Becker, Ph.,D., M,D,
John F, Barbaro, Ph,D.

Description.

The purpose of this task is to prepare a wide spectrum of o-aryl-
o-alkly alkylphosphonate ant o-aryl-o-alkyl aminoalkylphosphonate
esters where aryl designates p-nitrophenyl and alkyl specifies ethyl,
cyclopeatyl and cyclohexyl groups.

Progress.

1. The Arbusov reaction of 3-phthalimidopropyl bromide with the
diethyl p-nitrophenyl phosphite to form :the p-nitrophenyl ethyl
3- phthalimidopropyl phosphonate as a route to the desired p-unitro-
pheayl ethyl w-aminoalkylphosphonates was abandoned since nuclear
magnetic resonance studies revealed that the mixed ester failed to
react with the nitrogen protected amino alkyl bromide,

2. Attention was directed toward synthzsizing the desired com-
pounds utilizing the Tjio= procedure. In this approach, the phthaloyl
group sarves as the amine covering function, Th2 phthaloyl group is
difficult to remove and loss of the p-nitrophenol becomas competitive
with its removal in the hydrazinolysis step, We were able to achieve
the synthesis and characterization of the requisite pracursors, speci-
fically, the p-nitrophenyl w-phthalimidoalkyl phosphonates. The ana-
lytical and spectral data were completely coasistent with the pro-
posed structures, Our efforts to effect selective removal of the
phthaloyl covering function via hydrazinolysis undar various coadi-
tions resulted in thz concurrent loss of p-nitrophenol due to the
incursion of the esterolysis process and in no case was the dasirad
products isolated.

Summary and Zonclusions,

1, The synthetic approach based oa the Tjinz2's procedure involving
the formatinsn and subsequent hydrazinolysis of ethyl p-nitrophenyl
w-phthalidimidoalkanephisshonate was attempted.




2. The synthesis of the requisite precursors was achieved;
however, all attempts to selectively remove the phthaloyl blocking
group via hydrozinolysis was unsuzcessful,

3. Infrared and nuclear magnatic resonance studies indicate
that the competing esterolysis reaction severely complicates the
selective imidolysis reaction, Accordingly, the hydraziunolysis
of the phthalimide does not appear to be a suitable rou:e to
synth2sis of ethyl p-nitrophenyl w-aminsalkyl phosphonates,
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 180, The importance of chromium in disorders of carbohydrate
metabolism

Investigators.
Principal: R. J. Doisey, Ph.D. (State University of New York)
Associate: W. Mertz

Description.

The work unit is designed to study chromium metabolism in normal
and diabetic elderly human subjects and characterize the chromium com-
plex in circulating blood after glucose ingestion.

Progress.

Glucose loading of normal and diabetic subjects using Chromium-51
as a tracer has shown that normal subjects have elevated serum chromium
levels beginning 20 minutes after ingestion, peaking at 60 minutes and
falling toward normal after 90 minutes. Diabetic subjects failed to
show any increase in serum chromium levels. Electrophoresis of serum
proteins showed chromium in both the albumin and globulin fractions.
Precipitation of proteins with ammonium sulfate failed to locate 80%
of the chromium. Diabetics eliminated only one-fourth as much chromium
as normal subjects.

§ymmarz.

This contract has been terminated effective 31 July 1970 and a
final report is being prepared.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH

Task 00, In-House Laboratory Independent Research

Work Unit 180, The importance of chromium in disorders of carbohydrate
metabolism

Literature Cited.

None.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00 In-House Laboratory Independent Research
Work Unit 181, Development of meningococcal immunizing agent

Investigators.

Principal: Malcolm S. Artenstein, M.D.

Associate: MAJ Ronald Gold, MC; MAJ Edmund E. Tramont, MC;
MAJ Frederic A. Wyle, MC; MAJ James G. Zimmerly, MC;
CPT Richard L. Cohen, MSC: CPT Dennis L. Kasper, MC;
Sanford L. Berman, Ph.D.; William C. Branche, Jr., Ph.D.;
Brenda L. Brandt; Joseph P. Lowenthal, Sc.D.;
Patricia L. Altieri; Hazel D. Fleet; Albert Groffinger;
Charles Harkins; SP5 Howard W. Daubman;
SP5 Myron V. Piziak; PFC Mitchell I. Diamond.

Description.

Field studies of efficacy of group C polysaccharide vaccine were
extended and results confirmed those of the previous year in showing a
90 percent reduction in group C disease in 28,000 vaccinated recruits.
Group C vaccines have a shelf life of 14 months or more. ' Group A poly-
saccharides have been administered to 250 volunteers with.no apparent
toxic effects and significant antibody rise in over 95 percent of
individuals given 50 micrograms or more. Antibodies induced by A and
C vaccines persist for at least 18 months.

Progress.

1. Prevention of disease with group C polysaccharide vaccine.

A large scale field trial during 1969 showed the efficacy of the
group C vaccine in preventing disease in more than 13,000 recruit
volunteers. Studies were continued during the fall of 1969 and winter
of 1970 to determine the incidence of meningococcal disease among
vaccinated and non-vaccinated recruits in three basic training centers.

Description of the study:

Approximately 20 percent of newly inducted recruits received the
vaccine during their first week at the training center. This was
accomplished by obtaining voluntary consent from recruits as they
arrived at the dispensary for their mandatory vaccinations (influenza,
tetanus, poliovirus). Pertinent data on numbers of vaccinees at each
post are given in Table 1.
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Table 1. Distribution of vaccine by Post.

Vaccine Inclusive Dates No. of Men

Army Post Lot No. of Study Vaccinated
Ft. Ord c-8 11 June 69-22 Apr 70 7,924
Ft. Lewis c-6, C-7 21 Oct 69-5 May 70 3,783
Ft. L. Wood c-8 11 Feb 70-15 May 70 2,244
13,951

Results:
No adverse reactions were caused by the vaccine.

Data on illness are incomplete at the time of this summary since
some men have not completed their basic combat training. Preliminary
data are given in Table 2.

é
Table 2. Number of meningococcal ilinesses among study group.

No. diagnosed

illnesses
Dx not
Group C Group B confirmed Other

Ft. Ord

Vaccine 1 0 0

Control 6 0 1 3 AIT
Ft. Lewis

Vaccine 0 0

Control 19 0 3 in non-vaccinated

companies

Ft. L. Wood

Vaccine 0 0 0

Control 5 0 1

It is of some interest that no group B meningococcal infections were
documented in either group this year. The previous study had shown more
group B disease among these men who had received group C vaccine than
among the controls, suggesting that administration of the group C vaccine
increased the risk of acquiring group B disease. Our entire experience
with group C vaccine is presented below in Table 3.
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Table 3. Effectiveness of group C vaccine.

Number of group C
meningococcal illnesses

Study year vaccine control
1968 0 4
1969 1 38

1969-1970 1 30

Totals 2 72

Population (approx.) 28,000 112,000

Conclusions:

The group C polysaccharide vaccine has been 90 percent effective in
preventing group C meningococcal disease in Army recruits. This material
has been free of toxicity in approximately 30,000 volunteers.

Meningococcal carrier surveys following group C vaccination.

Meningococcal carrier surveys were conducted at Ft. Lewis and Ft.
Ord by the Sixth Army Medical Laboratory and at Ft. Leonard Wood by the
Fifth Army Lab in order to observe the effect of group C vaccination on
transmission. Recruits were surveyed during both Basic Combat Training
(BCT) and Advanced Individual Training (AIT). The methods used were
described in previous annual reports.

Between October 1969 and April 1970, there was relatively little
transmission of group C meningococci at Ft. Ord so that no statistically
significant difference in group C carrier rates was noted in eight
companies studied during their 6th week of basic training (Table 4).
Group C transmission was low at Ft. Leonard Wood also. However, in one
of the tkree BCT companies at Ft. Lewis, sufficient group { transmission
occurred and the vaccinated recruits were found to have significantly
lower group C carrier rates.

Five companies were surveyed at Ft. Ord during the 6th week of AIT
between October and December 1969 (Table 5). In two of the five
companies there was significant group C transmission. The vaccinees in
these two companies had significantly lower carrier rates than the
control recruits who had had their BCT at Ft. Ord, suggesting that the
local pharyngeal protective effect of the vaccine persists for at least
14-16 weeks.

81




PN
Table 4. Prevalence of meningoccccal carriers at 6th week of BCT. 5
Vaccine group Control
Date of ) 4 4
Post Survey it + c B  Other # + c B  Other
Wood 8 Apr 70 23 30 3 2 2 75 28 11 7 3
13 May 70 20 25 2 2 | 80 26 8 10 3
Total 43 5 4 3 155 19 17 6
%Z (Mean) 28.0 11.6 9.3 7.0 27.1 12.3 10.9 3.9
Lewis 1 Dec 69 23 35 0 2 6 93 133 2 3 25
12 Jan 70 16 56 0 1 8 78 67 10 5 37
2 Feb 70 20 40 4 0 4 80 65 38 2 12
Total 59 4 3 18 251 50 10 74
E % (Mean) 42.4 6.8 5.1 30.5 53.4 19.9 4.0 29.5
Ord 27 Oct 69 19 5 0 0 1 81 14 0 5 6
24 Nov 69 23 17 0 3 1 84 13 2 1 8
1 Dec 69 19 22 0 3 1 88 18 2 7
2Jan 70 20 35 0 4 3 77 30 3 8 12
24 Feb 70 32 22 2 3 2 121 35 3 7 18
24 Feb 70 24 17 0 2 2 121 24 0 7 18 {
6 Apr 70 21 28 0 2 4 71 24 0 5 14 1 4
6 Apr 70 17 47 1 1 6 83 58 5 7 24 i
Total 145 3 18 20 726 15 57 107
4 (Mean) 28.3 2.1 12.4 13.8 24,7 2.1 7.9 14.7
L‘-
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2. Stability of polysaccharide vaccines.

Determination of storage conditions is one of the practical
problems related to vaccines and other biological preparations. A
number of experiments have been undertaken to provide such information
regarding meningococcal polysaccharide vaccines. Stability of the
lyophilized product and various conditions of storage after hydration
was measured by assessing immunogenicity in man.

Antibody assays were carried out by hemagglutination technique.

Lyophilized group C vaccine has been stored at refrigerator
temperature (4-5°C) with no apparent loss of potency. Lot C-6 was
tested for immunogenicity after as long as 13 months of storage;

Lot C-7, after 14 months and Lot C-8 after 9 months. Results of anti-
body tests in recruit volunteers are shown in Table 6. The minor
fluctuations in antibody titers reflect variations in sensitivity of
the hemagglutination tests which were not performed on the same day.
These data provide evidence that the shelf life of the lyophilized
product exceeds one year.

Table 6. Immunogenicity of lyophilized vaccine after
storage at 4°C.

Duration of

Lot No. storage No. men Mean antibody rise”

C-6 3 mo. 34 4.6
11 mo. 22 5.1

13 mo. 25 4.1

c-7 1 mo. 29 5.3

3 mo. 26 5.1

14 mo. 49 6.9

c-8 3 mo. 29 6.0

9 mo. 35 5.3

*No. of 2-fold dilutions, hemagglutination test.
Sera obtained before and 2 weeks following immunization.

In order to determine storage conditions of the hydrated group C
polysaccharide vaccines, recruit volunteers at Fort Lewis and Fort Ord
were immunized with vaccine which was diluted and stored under
different conditions. For controls, freshly hydrated vaccine was used
in a comparable group of men. Serum and nasopharyngeal cultures were
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obtained prior to vaccination and two weeks later. As before, group C
carriers were deleted from the antibody data. Control and vaccinee sera
were tested for hemagglutination antibody titers on the same day.
Results are shown in Table 7. It can be seen that storage under
refrigeration for 20 days or frozen for as long as 9 months had no
effect upon the immunogenicity of the group C polysaccharide. However,
because there is no preservative in the vaccine it would seem preferable
to avoid refrigeration of vaccine once the cap has been punctured.

3. Studies of group A polysaccharide vaccine.

a. LOt A-6o

(1) This lot was prepared by the Department of Biologics
Research, Walter Reed Army Institute of Research and amounted to approxi-
mately 7,000 doses. Initial studies consisted of immunization of five
laboratory volunteers with 50 micrograms administered intradermally.

Skin reactions measured 1-2 cm at 24 hours and were gone in 48 hours,
Antibody response is shown in Table 8.

Table 8. Antibody response to Lot A-6.

Volunteer Serum HA titer*
0 2 weeks
Bra 32 256
Rou 64 256
Alt 8 32
Gro 16 64
But 32 512

*Reciprocal of serum dilution

(2) Lot A-6 was next tested in military personnel who were
observed for changes in red and white blood cell counts and urinalysis as
well as for antibody development. Forty-two volunteers from the 18th
Medical Brigade and the 6th Armored Cavalry Regiment, Fort George G.
Meade, Maryland received the vaccine subcutaneously in a dose of 50
micrograms. Two subjects complained of gastrointestinal distress and
diarrhea beginning 6 hours after the vaccination but were asymptomatic
after 24 hours.

Urinalysis: Twenty-one subjects submitted urine specimens prior to
and at 24 and 48 hours after vaccination. The only abnormalities noted

were traces of albumin in 3 specimens (3 subjects: 1 before and 1 at
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each other time interval).

CBC and hematocrit determinations were recorded from 22 subjects
before and after immunization. Hematocrit values fluctuated somewhat
but all were normal before vaccine and were not significantly changed
afterwards. Fluctuations in total WBC were random and abnormal cells
were not seen. Platelet estimates were based upon smears in 6
individuals and were normal. Serological studies were performed on
15 individuals from whom a 2 week serum specimen could be obtained.
Antibodies were measured by hemagglutination test (Table 9).

Table 9. Antibody response to Lot A-6 vaccine (Ft. Meade).

Time No. Men Geometric mean titer*
Prior to vaccine 15 3.20
2 weeks after vaccine 15 5.27

2.07 mean tube increase

*No. of 2-fold dilutions starting at 1:2

Eighty per cent of the men (12/15) showed a 2 tube (4-fold) or
greater rise in titer.

(3) Meningococcal vaccine, Lot A-6, was tested in 44 volunteers
from Company B, 5th Battalion, 3rd Training Brigade, U. S. Army Training
Center, Infantry, Fort Dix, New Jersey on 27 August 1969.

Vaccine was administered subcutaneously in a dose of 50 micrograms.
All subjects were examined on three occasions within the 48 hour period
immediately following vaccination. There were no local or systemic
reactions to the vaccine in the 44 subjects.

Temperatures were recorded using an oral thermometer, prior to and
at 18, 25 and 35 hours following vaccination. There were no significant 1
changes in each subject's temperature.

Carrier status - 10 of the subjects were carriers of a strain of ]
Neisseria meningitis prior to vaccination. Two weeks post vaccination

there were 9 carriers, including 7 of the original 10 carriers. Sero-
groups present included B, C and 29E. Vaccination with type A vaccine
did not alter the carrier status or type of organism found.

Serological response to vaccine. Hemagglutination tests using
group A polysaccharide-sensitized human erythrocytes as antigens were
performed with the following results (Table 10).
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Table 10. Antibody response to Lot A-6 vaccine (Ft. Dix).

Time No. Men Geometric mean titer®
Prior to vaccine 37 3.56
2 weeks after vaccine 37 6.62

3.06 mean tube increase

*No. of 2-fold dilutions starting at 1:2

Eighty-four per cent of the men (31/37) showed a 2 tube (4-fold) or
greater rise in titer.

These data, plus those from 42 volunteers at Fort Meade provide
evidence of the lack of acute toxicity of Lot A-6 vaccine. Antibody tests
(hemagglutination) showed that 83 percent of volunteers had a 4-fold or
greater rise by two weeks after vaccination.

b. Lot A-7.

(1) This lot was prepared by Squibb Institute and consisted of
33,000 doses (50 micrograms/dose). Initial tests were conducted on 7
laboratory volunteers.

Vaccine was administered subcutaneously in a dose of 50 micrograms.
All subjects were examined periodically for 48 hours. There were no local
or systemic reactions to the vaccine in the 7 subjects.

CBC, Hgb, Hct, MCV, MCH and MCHC were recorded prior to and at 24
and 48 hours following vaccination. No consistent or significant changes
were noted in any of the parameters tested. None of the volunteers were
carriers of N. meningitidis at the time of vaccination.

Antibody tests on these individuals are shown in Table 11.

(2) Titration of Lot A-7 - One hundred and eleven recruit
volunteers were vaccinated with varying amounts of group A vaccine at
Fort Knox on 10 November 1969. Vaccine was administered subcutaneously
in doses of 10, 50 or 100 micrograms. There were no adverse reactions
to these injections.

Serologic responses as measured by hemagglutination are presented
in Table 12. From these data it is apparent that the response to 50 and
100 micrograms is identical and that the antibody response to 10 micro-
grams is much lower. Expressed in another way (Table 13) only 1 of 68
men failed to show a 4-fold or greater titer rise following the 50 or
100 microgram dose whereas 5/33 (15%) failed to respond to the 10
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o) Table 11. Antibody response to Lot A-7.
Reciprocal of HA titer
at indicated week
Subject following vaccination
0 2 4
Dan 4 32 64
Sam 4 16 64
Piz 16 128 32
Mar 32 128 128
OBr 8 1024 64
Coa 4 32 32
Zim 8 128 256
Table 12. Antibody response to group A
vaccine.
Geometric mean HA titer (log 2)
at indicated week
Dose
group 0 2 4 8
| 10 mcg 0.45 2.9 3.5 3.6
. 50 mcg 0.32 5.6 5.9 5.6
' 100 mcg 0.29 5.3 5.3 5.7
Table 13. Number of men who failed to respond to
group A vaccine.
No. failures*/No. tested at indicated
week following vaccination
Dose
group 2 4 8 Total
10 mcg 14/33 9/31 5/31 5/33
50 mcg 2/36 0/35 0/35 0/37
100 mcg 3/30 1/30 1/27 1/31

*Less than 4-fold antibody titer rise
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microgram injection. From this table it is also apparent that a
significant proportion of men who received the lowest dose failed to
show antibody rise within two weeks but developed increasing titers over
the next 6 weeks. Carrier studies on this company are shown in Table 14.
No group A strains were identified.

Table 14. Carrier studies on company vaccinated with Lot A-7.

Serogroup

Week of % Non-
training No. pos./No. sampled pos. A B C Bo 29E 135 groupable

1 23/118 19.5 01 1 1 9 1 10
3 34/120 28.4 0 3 3 8 1 16
5 51/117 43,5 0 2 8 16 11 O 14
7 50/124 40.3 0 1 16 12 9 O 12

Conclusions:

To date our experience with group A polysaccharides has been as
follows:

Lab volunteers Military
Lot A-5 9 53
Lot A-6 5 66
Lot A-7 7 111
21 230

There have been no adverse reactions. Tests for toxicity of Lot A-6
showed no urine abnormalities in 21 suLjects and no effects on CBC tests
in 22 men who received Lot A-6 and 7 volunteers given Lot A-7; platelet
estimations were normal in 6 men given Lot A-t. No temperature
elevations occurred in 44 volunteers who received Lot A-6. Immunogenicity
has been dose dependent in that 10 micrograms. produced lower HA titers

and 15 percent failure rate compared to 50 micrograms. Five to 15 percent
of men given 50 mcg did not develop significant HA antibody rises within

2 weeks but almost all showed rises by 4 weeks.

These results indicate that these vaccines are suitable for large
scale field tests of protective capacity should an outbreak of group A
disease occur, 90




4, Duration of vaccine induced antibody.

Jolysaccharide antigens appear to provide prolonged stimulation of
antibody levels in man. Studies by Heidleberger showed that precipitin
antibody titers following pneumococcal vaccination persisted at 50 percent
of peak levels for over 3 years. Most of our current data on group A and
C meningococcal polysaccharide induced antibodies has been obtained in
Army recruits and these studies have been limited to 6-8 week time
intervals. This report presents antibody titers of laboratory volunteers
up to 18 months following vaccination.

In 8 volunteers who received group C vaccines HA titers increased
significantly within 1 week following immunization- reaching peak values
(1:128-1:2048) between 2 and 8 weeks (Table 15). Occasionally titers fell
several fold between 2 and 8 weeks. At 14-18 months after vaccination,

7 of the 8 showed decreases of 2-5 tubes from the peak titer. The
remaining volunteer (SB) had a titer at 18 months only 1 tube less than
his peak titer at 8 weeks. Despite these changes, geometric mean HA titer
at 14-18 months was 1:64 compared to <1:2 prior to immunization. Antibody
(IGG) determined by immunofluorescence showed rising titers which
paralleled HA titers but did not rise over 1:256. Three of 5 volunteers
with 14 or 18 month data showed persistence of peak FAB titers. The other
2 persons showed only 2 tube decreases from the peak. Only 1 individual
(PE) was known to be a nasopharyngeal carrier at 18 months (29E sero-
group). Of the three volurieers who showed FAB rise to Lot A-5 vaccine,
titers remained very high throughout the 18 months of the study.

Thus, by 2 different assays, vaccine induced antibodies can be
detected in high concentrations for at least 18 months. This
interpretation is tempered by the fact that these laboratory volunteers
were working with viable meningococci and their products or were exposed
to recruit carriers on numerous occasions during the period of
observation. Confirmation of these results by studies in other
populations will be desirable.

5. Immunogenicity of Lot C-10.

Lot C-10 (March 1970) consists of 1.2 grams of group C polysaccharide
(over 13,000 doses). This lot was prepared at WRAIR (Department of
Biologics Research) using 12 liter fermentations in carboys whereas
previous lots (including C-7) were produced in 1 liter volumes in flasks.
Immunogenicity of C-10 was compared to that of C-7 by vaccinating recruit
volunteers at Fort Lewis. Fifty micrograms of vaccine was administered
by subcutaneous injection. No adverse reactions occurred. Nasopharyngeal
cultures and serum specimens were obtained prior to and 2 weeks after
injection. No group C carriers were detected. Results of
hemagglutination tests are shown in Table 16.
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Table 16. Group C antibody response to two lots of polysaccharide

vaccine.

Vaccine No. men Serum

Geom. mean Mean anti- No. men with

Lot No. tested date HA titer body rise no rise
c-7 49 0 wk 0.7
2 wk 7.6 6.9 3
c-10 48 0 wk 1.3
2 wk 7.6 6.3 0

Failure of occasional individuals to respond with antibody increase
within two weeks has been noted before. The antibody titers indicate
that both lots of vaccine are comparable in their immunogenicity.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research

Work Unit 182, Correlation of performance aggression, stress, combat
and group position with testicular and adrenal secretion

Investigators.
Principal: Irwin S. Bernstein, Ph.D.
Associate: Robert M. Rose, M.D.

DESCRIPTION

Considerable interest has developed in the relationship of testo-
sterone to aggressive behavior. There is good evidence documenting
the necessity of testosterone to be present during crucial periods
of brain development for the appearance in adulthood of male sexual
and aggressive behavior. However, there has been no data available
on the relationship between the normal aggressive behavior associated
with 1iving in social groups and the animal's level of endogenously
secreted testosterone. This relationship is of interest from two
standpoints. First, regulation of testosterone secretion is sus-
ceptible to environmental influences via the hypothalamic-pituitary-
gonadal system. Aggressive behavior may also be effected by changes
in brain concentration of testosterone secondary to increased or
decreased secretion.

Previous work has suggested that an animal's performance during stress
is related to his aggressive behavior as well as testosterone level.
The relationship between these three variables of aggressiveness,
testosterone and periormance is being systematically studied in this
joint project involving the Yerkes Regional Primate Center and Depart-
ment of Psychiatry, WRAIR,

PROGRESS

An all male group of 34 adult rhesus monkeys was formed and placed in
a large outdoor compound measuring 125' X 125'. Animals had access
to an enclosed, temperature-regulated building for shelter. These
conditions permitted careful observation and recording of all inter-
actions between animals as well as providing in excess of 1/3 of an
acre excluded so that the possible effect of differential sexual
activity would not confound any relationship observed between testo-
sterone and aggressive behavior.

Behavioral data were collected in formal sessions consisting of 1,000
seconds per animal repeated 10 times over a 3 month period. During
these times behavior was recorded using a standard inventory des-
scribing 73 different activities, including all social interaction as
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well as individual (self-directed) activities. Data were transferred
to cards and computer analysis performed to list doer and recipient
of all dyadic interactions as well as total frequencies of every re-
sponse for every animal. In addition, analysis was made to reveal
the status hierarchy in the group based on classical '"peck order"

. description of dominance. Wins and losses in agonistic encounters

L , for each dyad in the group were listed and a dominance matrix was

-k ordered from these observations. And essentially linear hierarchy
was produced.

‘ 4.
Sodisis e

The group was established in September 1969. Two months elapsed to
permit the dominance hierarchy to be firmly established. After the
behavioral interactions were observed for three months all animals
had blood removed for plasma testosterone determinations.

T

Aggressive behavior, mostly non-contact in the form of threat and
chase, correlated positively and significantly with testosterone

(r = .515). Being submitted to also correlated significantly with
plasma testosterone. Aggression and being submitted to were related
(r = .534), but do not measure the same thing. The converse relation-
ship of high submissiveness and low testosterone does not appear to

be very strong. Animals who showed frequent submissive responses did
not show significantly lower testosterone, although the findings are
in this direction. These relationships suggest that any animal below
the alpha male who shows a high frequency of aggressive behavior to
his subordinates will tend to have higher testosterone levels regard-
less of how frequently he shows submissive responses to the animals
above him in the dominance hierarchy. Testosterone therefore appears
to be more related to the frequency of aggressive behavior than to the
opposite and reciprocal behavior of submissive responses.

e

This is the first study done revealing significant relationship between
social status and the level of endogenously secreted testosterone.
Studies are in progress to determine whether the higher plasma testo-
sterone that is frequently seen in more aggressive animals precedes or
is the result of their dominant and aggressive status. In additionm,
the behavioral and endocrine responses of individual dominant and sub-
missive animals to shock avoidance will be studied this coming year in
collaboration with the Department of Experimental Psychology, WRAIR.

SUMMARY AND CONCLUSIONS

Aggressive and dominance behavior was closely studied in a group of

34 adult male rhesus monkeys living in a large outdoor compound. These
behaviors correlated positively with plasma testosterone, which may be
regulated by the position the animal achieves in the social group, and
alter his performance under stress.
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Project 3A061101A91C IN-HOUSE LABORATORY INDEPENDENT RESEARCH
Task 00, In-House Laboratory Independent Research
Work Unit 183, Diseases of Military Animals in Southeast Asia

Investigators:

Principal: MAJ D. L. Huxsoll, VC

Associate: MAJ P. K. Hildebrandt, VC; L. N. Binn, Ph.D.; MAJ M.
G. Groves, VC; MAJ P. C. Smith, VC; MAJ D. C. Zeiler,
VC; CPT H. L. Amyx, VC; CPT G. L. Dennis, VC; CPT R. L.
Becker, VC; CPT S. A. Ruark, VC; CPT A. J. Johnson, VC;
CPT B. S. Goodwin, VC; M. Rogul, Ph.D.; E. S. Windham,
MS; MAJ R. Cardiff, MC; MAJ D. S. O'Leary, MC; LTC D. B.
Tuthill, MC; J. J. Brendle, BS; 1I. E. Hemelt, AB; A. R.
Warner, Jr.; E. C, Lazar, BA; COL R. M. Nims, VC; COL
S. G. Asbill, VC

Description.

To define, study, diagnose and control known and potential infectious
diseases of military dogs in Southeast Asia. The major effort is
directed toward elucidation of the cause, pathogenesis, treatment and
control of a highly fatal hemorrhagic disease, Tropical Canine Pancy-
topenia. This disease has been responsible for the death of numerous
military dogs in Southeast Asia where it has jeopardized the oper-
ational efficacy of combat units dependent on military dogs, Studies
are also being conducted on the epidemiology, treatment, and control
of Babesia and other diseases which are known to occur in military
dogs in Southeast Asia.

Progre 88.

I. Tropical Canine Pancytopenia.

1. Introduction

Tropical canine pancytopenia (TCP) is a newly recognized, highly fatal,
infectious disease of dogs in diverse tropical and subtropical areas
of the world. In Southeast Asia this disease, which has also been
called "idiopathic hemorrhagic syndrome', '"tracker dog disease'" and
"canine hemorrhagic fever'", has been responsible for the death of
numerous military dogs. The history, as well as clinical and path-
ologic studies of the natural disease, has been reported in detail
(Walter Reed Army Institute of Research Annual Progress Report,

1 July 1968 - 30 June 1969). During the past year studies have con-
tinued on the etiology, pathogenicity and control of TCP with special
emphasis on the experimental disease.
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In Southeast Asia TCP was first recognized in 1963 in British mili-
tary dogs in Singapore (Wilkins, J. H. et al., Vet Rec. 81: 57,
1967). Between 1963 and 1967 this disease, which is characterized
by pancytopenia, hemorrhage and severe emaciation, was responsible
for the death of numerous military and privately owned dogs in Singa-
pore (Wilkins, J. H. et al., Vet Rec. 81: 57, 1967: Spence, J. B.
et al., Vet Rec. 81l: 328, 1967). Studies in Singapore (Wilkins, J.
H. et al., Vet Rec. 8l: 57, 1967) and Malaysia (Mac Vean, D. W.,
Malaysian Kennel Review, 66, 1968) provided evidence that TCP was
infectious; however, an etiologic agent was not recovered.

TCP was first recognized in the Republic of Vietnam in 1967 in several
Labrador Retrievers which had previously been trained as tracker dogs
in Malaysia (Walker, J. S. et al., J.A.V.M.A. in press). 1In 1968 an 4
epizootic of this disease occurred in Vietnam among German Shepherds
which had originated in the United States. To date approximately 180
U. S. military dogs have died of the disease in Southeast Asfa. The
disease has been reported recently in military and privately owned

dogs in Puerto Rico and the Virgin Islands (Huxsoll, D. L. et al.,

Vet Rec. 85: 587, 1969). TCP has also occurred in the Mideast
(Seamer, J. and Snape, T., Vet Rec. 86: 375, 1970) and in Florida
(Ridout, S., Eau Gallie, Florida, Personal Communication). TCP has
been reported most frequently in the German Shepherd; however, dogs of
other breeds have also been affected. The disease is reported more
often in purebred dogs than in mixed breeds (Mac Vean, D. W., Malaysian
Kennel Review, 66, 1968).

A sudden onset of epistaxis, the most dramatic sign of the disease, h
is often the first indication that a dog is affected with TCP. 1In

some instances epistaxis is the only apparent clinical sign; however,
it is often accompanied by one or more of the following signs; anemia;
edema of limbs and scrotum; loss of weight; ecchymotic hemorrhages on
the abdomen; petechial hemorrhages in the mucosa of the penis, buccal
cavity and conjunctiva; anorexia; dyspnea; fever; corneal opacity;
lethargy; lymphadenopathy; posterior weakness; melena and hyphema
(Wilkins, J. H. et al. Vet Rec. 81: 57, 1967; Mac Vean, D. W., Malay-
sian Kennel Review, 66, 1968; Huxsoll, D. L. et al., Vet Rec. 85: 587,
1969; wWalker, J. S. et al., J.A.V.M.A. in press). Death usually occurs
within a few days following onset of epistaxis; however, if hemorrhage
is profuse, death may occur within several hours. Some dogs survive
the initial hemorrhagic episode; however, epistaxis often reoccurs, and
the dog eventually succumbs to the disease. Some dogs become chronic
bleeders and have intermittent episodes of epistaxis over a period of
several months prior to death. Many of the chronic bleeders become
severely emaciated. Bleeding is not limited to epistaxis. In some
instances severe intestinal hemorrhage occurs as evidenced by large
quantities of blood in the stool. Coagulation time and prothrombin
time are normal; however, bleeding time is prolonged. Severe anemia, .
leukopenia and thrombocytopenia occur. The erythrocyte sedimentation |
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rate is often elevated. Electrophoretic examination of sera from
affected dogs reveals an increase in the gamma globulin fraction and
a depression of the albumin factor.

A large number of dogs with TCP do not develop epistaxis or other
clinical signs of hemorrhage; however, the hematologic signs in these
dogs are similar to those observed in dogs with epistaxis in that
severe pancytopenia occurs (Huxsoll, D. L. et al., Vet Rec. 85: 587,
1969; Walker, J. S. et al., J.A.V.M.A. in press, 1970). These dogs,
which have been referred to as pancytopenics as opposed to bleeders,
usually become severely debilitated prior to death.

A review of clinical records of several hundred dogs affected with
TCP has provided evidence that the clinical course of the disease is
prolonged (Walker, J. S. et al., J.A.V.M.A. in press, 1970). Dogs
with TCP usually have a history of a febrile episode occurring 2 or
more months prior to the onset of epistaxis. The duration of the
febrile episode may vary from a few days to several weeks. The fever
may be accompanied by anorexia, severe weight loss, decreased stamina,
and edema of the limbs and scrotum. In a few instances mild epistaxis
may be evident during the febrile period. 1In all dogs red and white
blood cell counts are lowered,

The febrile episode is usually followed by a period of apparent recov-
ery which has been referred to as the subclinical phase (Walker, J. S.
et al., J.A.V.M.A. in press, 1970). Dogs will usually regain a normal
physical appearance; however, the anemia and leukopenia often persist.
Therefore, prior to the onset of epistaxis, the only sign of disease
in many dogs is an altered hemogram. In those dogs that die without
clinical signs of hemorrhage, death may be attributable to extensive
internal hemorrhage or secondary infections which are associated with
severe anemia and leukopenia.

Pathological findings have been consistent in all forms of the disease.
Macroscopic findings include a generalized lymphadenopathy, petechial
and ecchymotic hemorrhages on serosal and mucosal surfaces of most
organc and in subcutaneous tissue, brownish mottling of the lungs, and
a moderate enlargement of the spleen in some dogs. The most striking
histologic finding is a perivascular plasma cell infiltrate in numer-
ous organs, especially the lungs, meninges, kidney and spleen. The
bone marrow is hypoplastic.

The tick is the apparent vector of the disease. OQutbreaks of TCP have
often been associated with severe tick infestations, and the incidence
of the disease has decreased or disappeared in some kennels after
rigid tick control measures were enforced (Mac Vean, D. W., Malaysian
Kennel Review, 66, 1968).
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2. Transmission Studies in Laboratory Dogs.

The successful transmission of TCP to laboratory Beagles by intra-
venous inoculations of fresh whole blood from affected dogs in
Southeast Asia has been reported (Walter Reed Army Institute of
Research Annual Progress Report, 1 July 1968 - 30 June 1969).
During the past year it became apparent that military and privately
owned dogs in the Caribbean were affected with TCP. Blood specimens
from affected dogs in Puerto Rico, the Virgin Islands, Florida, and
Panama have been used in attempts to transmit the disease to labor-
atory dogs (Beagles, mongrels and German Shepherds). Transmissible
disease compatible with TCP has been produced in laboratory dogs
inoculated with specimens from affected dogs in the Caribbean as well
as Southeast Asia.

Beagles and mongrels develop signs of disease within 10-15 days
following intravenous or intraperitoneal inoculation of fresh whole
blood from an affected dog. Early signs of disease are fever, serous
nasal and ocular discharge, anorexia, depression, lowered thrombocyte
count, elevation of the erythrocyte sedimentation rate and lowered

red and white blood cell counts. The duration and severity of these
signs are extremely variable; however, in many experimentally infected
Beagles signs of disease persist for several weeks. Most dogs develop
anemia, leukopenia and thrombocytopenia. Intracytoplasmic inclusions
of Ehrlichia canis can be demonstrated in monocytes in capillary blood
smears prepared during the early stages of the disease (Huxsoll, D, L.
et al., Vet Rec. 85: 587. 1969). These inclusions are more readily
found in mononuclear cells in impression smears prepared from lung
tissue. In many instances inclusions cf Ehrlichia canis can also be
found in impression smears of spleen, liver and kidney tissue. The
inclusions can be demonstrated with any Romanovsky type stain. They
occur as single or multiple morula-like bodies in the cytoplusm and
appear tc be aggregates or colonies of elementary bodies. These in-
clusions have been demonstrated in capillary blood smears or tissue
impressions of all experimentally infected dogs.

Most experimentally infected Beagles and mongrels recover from the
disease but remain infected. 1In a few instances relapses characterized
by a reappearance of earlier signs, have occurred. Epistaxis has never
been observed in experimentally infected Beagles or mongrels.

German Shepherds inociulated with fresh whole blood from an affected
dog develop disease indistinguishable from the natural disease. Ounset
of disease in the German Shepherd is similar to that in the Beagle
although the disease is generally more severe. A few experimentally
infected German Shepherds have not recovered from the early stages of
the disease. lMost, however, survive the early stages and may regain a
normal physical appearance. Abnormal hematologic signs may partially
disappear; however, relapses frequently occur and, as in the Beagle,
103
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are characterized by a reappearance of earlier signs. Epistaxis and
other forms of hemorrhage have occurred in experimentally infected
German Shepherd: as early as 10 days and up to 120 days post inocu-
lation., During the early stages of the disease a blood tinged,
seropurulent nasal discharge is evident in most experimentally in-
fected German Shepherds. This sign, however, is distinct from the
profuse epistaxis which usually occurs later in the course of the
disease. Hemorrhage is associated with severe thrombocytopenia
(Fig. 1). oOther signs observed in experimentally infected German
Shepherds during the course of the disease include ulceration of the
nasal mucosa, corneal opacity, hyphema, petechial and ecchymotic
hemorrhages in the mucosa of the penis and buccal cavity, posterior
weakness, dyspnea and edema of the limbs.

Ehrlichia canis has bcen recovered from 12 dogs with signs of tropical
canine pancytopenia in Southeast Asia, Puerto Rico, the Virgin Islands,
Florida, and Panama (Table 1). Five of the 12 dogs had concurrent
infections with Babesia canis. However, the production of experimental
TCP in laboratory dogs is not dependent on dual infections. Experimen-
tal disease, indistinguishable frum the natural disease, is produced
with Ehrlichia alone. Two isolates have each been serially passed 11
times in laboratory dogs with no apparent alteration in the character
of the discase.

Impr: :..on smears were prepared from frozen tissue collected from
dogs with TCP in Southeast Asia. The impression smears were stained
wi.h Wright's stain and examined for inclusions of Ehrlichia canis.
Inclusions were found in tissue from 11 of 14 dogs examined.

Dogs that recover from the disease remain infected. Following inocu-
lation, dogs have remained infected during an observation period of
mcre than one year (Table 2)., However, the incubation period in
subinoculated Beagles has progressively increased during the course
of the observation period. Although infectivity titrations have not
been done on blood from the donor dog, the evidence serves to suggest
that infectivity has decreased. It is apparent that healthy dogs may
be carriers and may serve as a source of infection.

The conclusion that Ehrlichia canis is the etiological agent of tropi-
cal canine pancytopenia is based on the consistent recovery of Ehrlich-
ia from dogs affected with TCP from diverse geographical locations “and
the production of disease, indistinguishable from the natural disecase,
in laboratory dozs experimentally infected with Ehrlichia. The ident-
ification of Ehrlichia canis is based on its morphological characteris-
tics in infected cells. The agent of TCP is indistinguishable from
Ehrlichia canis, ori, inally described by Donatien and Lestoquard in
1935 (Bull. Soc. Path. Exot. 28: 418, 1935). Tropical canine pancy-
topenia may be a previously unrecognized manifestation of infection
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Fig. 1 Fluctuations in packed cell volume, leukocyte count, and

LE thrombocyte count of 9 month old German Shepherd following \V’
intravenous inoculation with agent of TCP.
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with Ehrlichia canis. The precise relationship of the agent of TCP
with previously described strains of Ehrlichia caris has not been
resolved.

3. Pathological Findings in Beagles Experimentally Infected with the
Agent of TCP.

Sixteen to eighteen-week-old Beagles were inoculated intravenously
with whole blood from dogs that were acutely ill with TCP. These
were followed clinically and sacrificed at intervals from 10-180 days
post inoculation.

Gross lesions included generalized lymphadenopathy. The lymph nodes
were enlarged and the medullas reddened. The intestines had prominent
Peyer's patches. Small focal red areas were disseminated over the
liver. The lungs were often mildly mottled and did not collapse com-
pletely.

Histologically there was an early non-suppurative pneumonitis, non-
follicular reticuloendothelial hyperplasia of lymph nodes and hyper-
plasia of the bone marrow.

Endothelial cells of pulmonary vessels were often swollen and contained
cytoplasmic inclusions (morulae) of Ehrlichia canis. Early in the
disease reticuloendothelial cells were very numerous in the lumena of
pulmonary vessels and many contained inclusion bodies. Impression
smears prepared from lungs yielded numerous mononuclear cells with
cytoplasmic inclusions.

A non-suppurative meningitis occurred in all dogs consisting primarily
of immature R.E. cells, lymphocytes and plasma cells.

As the disease progressed the non-suppurative pneumonitis subsided
with plasma cells remaining about many of the small and medium sized
blood vessels., There were often focal subendothelial accumulations of
mononuclear cells in the pulmonary vessels. Plasma cells became more
prominent in the lymphoreticular tissues and meninges particularly
surrounding the veins.

There were small focal disseminated areas of necrosis in the liver with
accumulations of mononuclear cells. The bone marrow became hypoplastic
and was accompanied by minimal extramedullary hematopoiesis occurring
even in dogs anemic for several months. The gross and histologic
changes seen in young Beagles chronically infected with Ehrlichia are
similar to changes seen in natural terminal cases of TCP in German
Shepherds.
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4, Chemotherapeutic Studies.

Since the operation of military dog units in Southeast Asia is
dependent on control of TCP, studies were initiated to establish a
prophylactic and therapeutic treatment for this disease. The treat-
ment of terminal and chronic cases of TCP in Southeast Asia has met
with little success. Rickettsia are sensitive to broad spectrum
antibiotics, and tetracycline has been reported to be effective in
the treatment of canine Ehrlichiosis (Ewing, S. A. Adv. Vet. Sci.
and Comp. Med. 13: 331, 1969). Chemotherapy studies have been
initiated to test therapeutic and high and low level prophylactic
doses of tetracycline using the standard Medical Supply drug.

A. Preliminary Prophylactic Studies. A preliminary study was
directed toward prevention of disease with high levels of tetracycline.
Four laboratory Beagles were utilized in this study. Two dogs were
each given 750 mg of tetracycline daily; the other 2 dogs served as
untreated controls. Two days later, all four dogs were inoculated
intravenously with 25 cc each of whole citrated blood from a dog
acutely ill with TCP. The treated dogs received the tetracycline
regimen for 14 days after inoculation.

The two untreated dogs developed signs of TCP while the treated dogs
did not. After two months, the treated dogs were challenged with in-
fective blood and developed typical TCP.

B. Therapeutic Studies. In this study tetracycline therapy
was commenced after early signs of disease (fever and an altered
hemogram with increased ESR and slight leukopenia) were allowed to
develop. This was intended to simulate typical TCP suspects presented
to military veterinarians in Southeast Asia.

Two weeks of baseline data were collected on each dog prior to inocu-
lation. Each dog was inoculated intravenously with 5 cc of whole
blood collected in sterile sodium citrate from a common donor dog ill
with TCP. Thirteen adult laboratory Beagles were used, ten were
treated and three served as untreated control dogs. The treated dogs
received 500 mg of tetracycline orally b.i.d. for 14 days. Treatment
was initiated after all of the thirteen dogs had developed a fever and
most had altered hemograms. The dogs for each group were selected
randomly.

Each dog was examined and its temperature recorded daily. Blood was
collected twice weekly in EDTA for determination of ESR, hematocrit,
RBC, WBC, platelet counts, MCV, SGPT and BUN. Serum was taken once a
week for determinations of the A/G ration and tetracycline levels
using a biological assay system in which Bacillus cereus varmycoides
is used as the test organism. One month after the last day of treat-
ment, blood from five of the treated dogs will be inoculated into
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susceptible dogs to determine if the treated dogs have become carriers.
Blood from the remaining five treated dogs will be inoculated three
months after the last day of treatment to allow maximum time for the
organisms to multiply or for relapses to occur.

Within 48 hours after treatment commenced none of the treated dogs
had a fever. In general, blood values of the treated dogs remained
stable or shifted toward normal while those of the untreated dogs
continued to decline. Erythrocyte sedimentation rates were elevated
for a few weeks in spite of treatment but in most cases eventually
returned to normal,.

C. Therapy of a Chronic Carrier Dog. A German Shepherd which
had been infected with TCP for six months and represented a chronic
case, was placed on 2 gms of tetracycline per day for 14 days. Prior
to treatment the dog was found to be infected by passage of blood in-
to a susceptible dog. One month after treatment the dog had gained
ten pounds, leucopenia had disappeared, and the PCV had risen from
37 to 42 percent. At this time 20 ml of blood was inoculated into a
susceptible dog and did not cause disease.

5. Tick Transmission of Ehxrlichia canis.

Outbreaks of TCP have often been associated with severetick infest-
ations, and the incidence of the disease has decreased or disappeared
in some kennels after rigid tick control measures were enforced

(Mac Vean, D, W., Malaysian Kennel Review, 66, 1968). The common dog
tick, Rhipicephalus sanguineus, has been incriminated as the vector of
E. canis, the etiologic agent of T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>