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SUMMARY

I'he 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,




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 Facili-
ties and Care of the Institute of Laboratory Animal Resources, National
Academy of Sciences - National Research Council,
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Project 3A061102871R RESEARCH IN BIOMEDICAL SCIENCES
Task 01, Surgery
Work Unit 091, Metabolic problems associated with injury and disease

Investigators.
Principal: LTC Charles R. Angel, MSC
Associate: LTC Douglas J. Beach, MSC; John W. Diggs, M.S.;
Ting-Kai Li, M.D.; Lawrence Lumeng, M.D.;
Jean E. Matusik, B.S.; 2LT Philip E. Nino, MSC;
MAJ James B. Powell, MC; H. Kenneth Sleeman, Ph.D.

DESCRIPT. N.

The delineation of mechanism of action of a variety of agents con-
tinues to be of marked interest in biological and physiological chem-
istry. Methods of studying these mechanisms in animal models and the
effects of these agents on the animal models are the goal of this work
unit. In addition to development of model animal systems and observa-
tion, results are reported concerning halothane induced hyperexia.

1. DDS. Organic compounds cortaining the aminobenzene grouping
have been shown to inhibit the synthesis of thyroid hormone. DDS is
structurally related to other thyroid active agents and this activity
was measured in terms of depression of thyroxine levels and 2,3-DPG
levels. The depression of thyroid furction and related effects on meta-
bolic systems may be related to the antimalarial effects of DOS.

2. 2,3-DPG. It is known that a direct relatioaship exists between
the organic phosphate content of erythrocytes and the oxygen affinity
of hemoglobin. The major organic phosphate of erythrocytes and the one
having the major influence on o:ygen affinity is 2,3-diphosphoglycerate
(2,3-DPG). Preliminary studies have been performea to determine the
levels of 2,3-OPG in bacterial shock and malaria and tn relate these
results to the course of the disease.

3. Collection of bile from laboratory animals is important in
studying excretions of hepatic origin. Many water insoluble drugs are
metabolized in the }iver and excreted in the bile. The development of
a successful method of implanting an accessible plastic bag and hiliary
catheter into the abdomen of the rat will make studies of sequential
bile samples much easier. o

4. The biochemical mechanism which underlies alcohol preference in
rats is unknown. Metronidazole (Flagyl). a weax inhibitor of liver
alcohol dehydrogenase, has been found to be effective in decreasing al-
cohol consumption in rats with induced ¢r natura!l preference for
ethano! while the drug was agiven. We are evaluating the affect of
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pyrazole (an analog) on the drinking pattern of rats with induced or
natural preference for alcohol.

5. The clinical syndrome of anesthetic-triggered malignant hyper-
exia has been described with increasing frequency in the recent medical
literature. The mortality in this conditioun is ~70%.. The agents respon-~
sible have included halothane, chlorpform and succinyl choline. The
mechanism of the production of the syndrome is urknown. The susceptible
patients develop, shortly after exposure to these agents, unrelenting
fever and wuscle rigor, ending in death. There is a familial predispo-
sition, suggesting an inheritable disorder of muscle metabolism or oxi-
dative metabolism. ‘

An animal model has been developed based on the observation that the
South African Landrace pig exhibits the same reaction to anesthetics.

PROGRESS.

1. DDS. Experimental animals were divided into three groups (con~
trol, acute, chronic) and the acute and chronic groups received DDS
(25 mg/rat suspended in 0.5% methyl cellulose containing 0.1% Tween 80).
The dosage and sacrificeschedules were planned to provide a sampling of
acute and chronic effects of treatment. The animals were sacrificed and
thyroid gland excised and weighed. Blood samples were collected for
2,3-DPG and thyroxine assay. The study utilized 41 animals.

2. 2,3-DPG. A study of shock induced by bacterial endotoxins and
of malaria was carriad out and the erythrocyte organic phosphate levels
were measured. Sprague-Dawley rats were used in the studies of bacteri-
al shock and hamsters infected with P. berghei were used for the studies
of 2,3-DPG levels in malaria. Anestﬁétizeg animals were bled from the
abdominal aorta and hematocrit, pH and 2,3-DPG content determined.

3. Implantation. The implantation of a silastic bag in the abdo-
men was successful. Collection of bile introduced into the bag through
a biliary connula can be carried out making possible serial collections
of bile for further study.

4. A pilot study to evaluate the effect of pyrazole on the drinking
patterns of rats with induced or natural preference for alcohol was com-
pleted. The situation was set up as a free choice system in which the
animals choose beiween water and i0% w/v EtOH. Pyrazole was adminis-
tered after establishment of baseline alcohol consumption and subsequent
consumption was determined.

5. Lamdrace Pigs. A project was initiated and completed to deter-
mine whether or not the American Landrace pig showed the same response
to anesthetic agents. Fourteen animals have been tested to date. They
were exposed sequentially to anesthesia with thiopental, nitrous oxice
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and halothane. Core temperatures were monitored and muscle biopsies
for ATP levels were collected. . )

SUMMARY .

1. DDS. Prophylactic doses of DDS (25 mg) did not produce a signi-
ficant hyperplasia of rat thyroid glands or change plase thyroxine levels
compared to untreated or normal controls. These doses did produce de-
pressed appetite and weight loss. The chromatograms of thyroid extracts
showed qua]1°at1ve decreases in T4 and T3 but not mono or diiodotyrosine.
The discrepancy in the T4 assay cannot be explained at this time. 8lood

2,3-DPG levels showed some increase in the DODS treated animals. If this

elevation of 2,3-DPG can be confirmed it would indicate a hyperthyroid
condition and an additional oxygen reguirerent by the tissues. The use
of larger doses of DDS (250 ma/animal) should yield additional informa-
tion on the effect of this compound on thyroid and related biochemical

functions.

2. 2,3-DPG levels in the bacterial endotoxin shock animals were
significantly lower (p <.01) than control animals. Dexamethasone treat-
ment prevented changes in 2,3- “PG content of red cells and pH. A signi-

ficant rise in red blood cell ATP (p <.05) and the increase in 2,3-DPG

in malaria infected hamsters probably reflects a cnnpenaatory mechanism.
The elevation c¢f both ATP and 2,3-0PG would pern t better oxygenation
of the tissues.

3. Bile was successfully collected from tne implanted silastic bag
and cannula daily by insertion of a needie through the abdominal wall
into the bag. One to 3 ml of bile were collected each day. This pro-
cedure provides a convenient reservoir for the seriai collecton of bile
over several days. This system was utilized by other members of “the
biochemistry staff for the study of the metabolxsw and distribution of
orally admiristered WR 32063.

4. The data indicate that pyrazole (25 mg/kg), given as a single
intraperitcneal injection, decreased alcohol consumptizn 50% or more
for €-8 days in rats with either induced or natural preference. There
are three possible explanations for this effect of pyrazele on rats:
a) inhibition of hepatic metabelism of alcohol resuiting in intolerable
blood zicchol levels, b) the compound may produce an aversion reaction
toward alcoho!, and/or c¢) tne compound may innibit brain alcohol dehydro-
genase, hence reducing acetaldehyde and tetrahydropapaveroline levels in
the brain,

5. Fourteen American Landrace pigs vere tested. Oniy one of the
arimals exhibited a hyperexia reaction, resulting ir death. Nc muscle
ATP changes were observed in non-reactive znimals but the reactive
animal demcnstrated a marked fall in muscle ATP content. The fall in
muscle AT™ contert exceeded that normaliy observed with exnaustive
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muscular activity in man. Serum ionized and total calcium concentrations
become abnormally high during the reac*ion. These studies indicate that
the American Landrace pig also exhibit this reaction to anesthetic agents,
but the incidence is probably lower than in the South African strain.
Inbreeding of the trait (if possible) can be expected to increase their
incidence making this animai model economically feasibie for the study

of this important disease entity.
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Project 3A061102B71R RESEARCH IN BIMMEDICAL SCIENCES

Task 01 Surgery

; Work Unit 092, Clinical evaluation of responses of -the body to combat
injury '

Investigators.
Principal: COL Robert T. Cutting, MC
Associate: MAJ Phillip M. Levin, MC; MAJ Robert D. Croom, III, MC;
CPT Neven A. Popovic, VC

1. Patency of Vein Grafts in the Venous System

a, Statement of the problem: Extremities have been lost as a result
of venous hypertension despite adequate arterial repair indicating the
. need for a more aggressive approach to vein repair following trauma.
Yet thrombosis is a nearly inevitable event following venous reconstruc-
tion.

b. Background: Ligation remains the usual procedure following
trauma to the major venous supply of an extremity. Numerous techniques
have been tried to improve patency of venous repairs but none have proved
uniformly successful. The use of a distal arteriovenous shunt nas im-
proved the patency of venous autografts in dogs.

c. Approach to the problem: Clinical follow-up of the patients in
the Vietnam Vascular Registry was made with special attention to those
pztients having sustained venous injury alone or combined venous and ar-
tecial injuries in the extremities.

d. Results and Conclusions: Extremities have been lost due to venous
insufficiency despite adequate arterial repairs. The majority of lateral
venous repairs remain patent. Autogenous vein grafts in the venous sys-
tem were prone to thrombosis but pruvided time for collateral development
and later underwent recanalization. Venous repairs can be performed with
few complications; the potential benefits, particularly in the lower ex-
tremities, outweigh the risks.

2. The Role of Arteriovenous Shunts in Venous Reconstruction

a. Statement of the problem: Under combat conditions extremities
have been lost as a result of venous hypertension despite adequate arterial
repair indicating a need to improve venvuus drainage in the traumatized
extremity if more limbs are to be saved.
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b. Background: Numerous techniques have been tried to maintain pa-
tency of venous repairs but none of them have proved uniformly successful.

c. Approach to the problem: By constructing a distal arteriovenous
fistula the patency of autogenous venous grafts can be improved. This
hypothesis was tested in 20 dogs.

d. Results: The use of a distal arterlovenous shunt improved the
patency of venous autcgrafts as compared to controls, However, the
control grafts showed a surprisingly high patency rate of 90% six weeks
following operation. Because only 25% of the control grafts were patent
72 hours postoperatively, the six week figure indicates the high degree
to which venous grafts undergo recanalization.

e. Conclusion and Recommendations: The distal AV shunt increases
the patency of venous autografts. Venous autografts can frequently
undergo recanalization., The advantage of the distal shunt appears to be
in its ability to maintain patency of the venous graft during the early
postoperative period.

3. Peripheral Venous Recomstruction Using Autogenous Connective Tissue
Grafts Grown in Response to Implanted Silastic Rods

a, Statement of the problem: It is often difficult to find suitable
veins which can be grafted, especially in patients with multiple extrem=-
ity injuries. '

b. Background: The importance of repairing acute venous injuries in
the lower extremities is stressed. Early patency has been enhanced with
the use of temporary distal AV fistula. The availability of suitable
autogenous veins for repair of both acute and chronic venous injuries is
limited. A possible source of suitable prosthetic is a connective tissue
tube which forms secondary to implantation of silastic tubing.

c. Approach to thec problem: Autogenous connective tissue tunnels
grown in response to implanted silastic rods are being evaluated as re-
placement material for secondary peripheral venous reconstruction both
with and without a distai AV fistula,

d. Results: Study is underway..

4, The Effects uof Acepremazine on pH, Oxygea and Carbon Dioxide in
Arterial Blood ot Dogs ] . .

a. Starement of the problem: Researck using Jogs requires varying
degrees of;ﬂﬂﬂ%Mcutngicai centrol ot NS response<. Acepromazine (10-
(3-Dimethviamico) oroane Y phenothiazine-2-ylomethy! ketone) maleate is a
neuroleptic agent used tor trasguiiization of dogs and cats and as a
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pre-anesthetic medication.

b. Background: Acepromazine has been used in connection with vari-
ous projects at the Walter Reed Army Institute of Research without
knowledge of its effects on the respiratory and circulatory systems nor
on biochemistry.

c. Approach to the problem: Measurements of pH, Pao, and PaCoO
were selected as the most critical parameters of physiologic function
following the administration of CNS depressants. In addition, heart
rate, respiratory rate, minute ventilation and rectal temperature were
obtained. '

~

Under local anesthesia polyethylene catheters were placed in the
femoral artery and vein. Arterial blood samples were collected before
the drug administration and periodically zfter the drug injection (intra-
muscularly at 0.5 pound of body weight).

d. Results: There were no changes in pH, PaC0O;, Pa0, and oxyhemo-
globin saturation and minute ventilation. However, significant decreases
were observed in the respiratory rate, temperature, heart rate, arterial
pressure, and central venous pressure. These are consistent with other
phenothiazine derivatives.

e. Conclusions: Acepromazine is a satisfactory pre-anesthetic agent
in medica” studies involving the dog. '

f.  Recommendation: Further studies are not required.
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Werk lnit 093, Response of cells derived from subjects injured by physi-
cal trauwma, radiation, or infectious agent exposure. .
investigators. . N
Principal: COL M. C. Johnscn, NC
Associate: LTC J. Miller, MC; M. M, Hill; M, H, Davis

Problem

To better understand the role of cellular interaction and immune responses
with specific emphaﬁ1s on radiation injury and histocompatibility
studies.

Bz ckground

This department has since its inception been concerred with investigation
of celiular phenomenon. While initially the study was restricted to
radiation effects, more recently and following an international trend
tholempha51s has been shifted to problems of transplantation and wound
healing

Agg roach

The greatest emphaS]S has veen placed on the study of cells 1n V1tro
systems using technigues of tissre culture, cellular immunology and
radloblology

Results

The final data from the stud; of the effect of combined antibiotic
therapy and bone marrow transplantucion un wound healiny in rats exposed
to neutrors has been evaiuaied. The results were presented in pre-
liminary form by M. M. (Mctaughlin) Hill in July 1970 at the Fourth
Internationa! Congress of Radiction Research, Evian, France., A
manuscript entitled, "Combined Bone Marrow and Antibiotic Tharapy in
Rats Wounded After Exposure tc Neutrons " has been prepared by

M. C. Johnson, M. M. MclLaughlin and M. H. Davis. It has been submitted
for pub11cat19r in Transplantation and is presently in the nands of the
reviewers. As a. fﬁ-E‘t of the information gained from this investiga-
tion ard others, it nas bee. postulated that the biphasic changes
seen in the wound healing patterns of rats exposed to neutrons are due
primarily to radiation induced changes in vascular permeability. An
attempt is underway to correlate poct-irradiation changes in wound
closure with charges in vascular permeability. Radipiodinated serum
albumin (RISA) is being used to detect changes both at the wound site
and in whole body excretici. Preliminary data, obtained from animals
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wounded on different post-irradiatica days, indicater that both the
amount of radioactivity which 'leaks' into the wound hed as well as the
amount excreted by the animal varies with the time interval between
radiation and wounding.

Immunogammagiobulin {IgG) has been isolated from the serum of patients by
DEAE Sephadex ion exchange chromatography The various fractions of the
eluate were monitored by UV absorptien at 280 mu and appropriate portions
were lyophiiized before storage at -70C. The concentratced material has
subsequently been used in mixed lymphucyte cultures for cytotoxicity
stuaies, This method of gel filtration has also been used to isolate

the fraction containing late acting thyroid stimulating hormone (LATS)
from the sera of patients whose thyroid status is being evaluated in the
Nuclear Medicine Clinic, WRGH. In conjunction with this in vitro method
a bioassay for thyroid stimulating hormone (TSH) has also been under-
taken, Weanling mice maintained of a carefully formulated, iodine
deficient diet are used in the assay of TSH levels in patient sera.

The studies concerned with the reiationship between peroxidation and
cation loss in liposomes, wnich have been carried out during the past
two years, have been completed. They are described in a manuscript by
M, Leibowitz and M. C. Johnson, entitled, "Relation of increased
Peroxidation to Cation Loss in Liposomes, which has heen accepted for
publication in the November 1971 issue of the Jcurnal of Lipid Chemistry,

In the field of cellular immunology, the research can be d1v1ded into
two broad categories:

1. The study of enhancement, i.e., the specific suppressica of
immunity by humoral antibody.

2. The study of the cellular mechanisms of immunity in vitro and
in vivo, 1. e., the central segment of the immune arc and its cellular
makeup,

Progress is being mede in each c¢f these fields:

1. The mixed lymphocyte culture has been and is being studied in
detail. This is considered to be en in vitro model of cellular immunity
(transplantation as we'l as bacterial and virai). ;

Lymonocytes of the dog, hunir and inbred mouse are teing studied.

A numoral factor isclated by ¢o'umn chromatography from dog serum
and found *to be Immunoglobulin & or 75 antibody. was discovered to occur
in the serum of racipients duving the course of unmadified allograft
rejection. Ihis tactor inhibitad mixed lymphoovie culture reactions
by binding to the stitculeted pogasation of lynphocyten.  Although it is
not compietely cieav tnere is ev.ﬂﬁnre that noc only cytotoxic, but also
gnhancian mecraniaps ere inveived  The fantor ivices ¢5 early as five
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days after renal transplantation in theidog and can be eluted from the
rejecting organs. These studies are being extended to humans after
clinical renal transplantation.

2. Several studies have been performed using specific anti-
lymphocyte sera in mice, Sera have been made to strain specific (H-2)
antigens as well as lymphocyte cell specific antigens such as the
thymic derived "1" as opposed to the bone marrow derived "B" type
lymphocyte. )

3. The role of the granulocyte in transplantation immunity is
being investigated with the use of pure granulocyte preparations using
an in vitro mixed lymphocyte culture system, A antigranulocyte serum
has Deen prepared in rabbits and its role in thic model is being studied.

4, Also in progress are studies on factors affecting tumor

growth in the mouse. More specifically the roie of enhancing antibody
is being investigated.
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3A061102B71R RESEARCH IN BIOMEDICAL SCIENCES
Task 01, Surgery
Work Unit 094, Healing and repair of combat inflicted injury .
Investigators.
Principal: Andre D. Glinos, M.D.’
Associate: B. Tayler, Cpt. CmlC; E.M. Bartos, Pu.D.; J.M. Vail,
Ph.D.; R.J. Werrlein, M.S.

Problem and Background

Combat inflicted injury is due to the penetration of the energy released
by various types of weapons into the body of the scldier. While.the type
of energy involved may vary, the result is invariably damage and loss of
living tissue which, when compatible with life, is fcllowed by tissue
regeneration, healing and repair. As the restoration of the soldier's
health and combat capability depends on these repair processes, it is the
objective of this study to uncover the underlying mechanisms and to de-
velop means for increasing their effectiveness. Since living tissue is
built from cells and these in turn from molecules, the attainment of this
objective requires the analysis and mapping out of the sequence of cellu-
lar and molecular events which follow tissue injury and lead to its even-
tual repair and healing. It has been decided to proceed with this anmaly-
sis by considering one of the most essential sequences following injury:
the proliferation of fibroblasts in the early phase of the wound followed
later by arrest of cell growth and elaboraticn ¢f collagen. The signifi-
cance of this sequence for the clinical course of wound healing in the
injured soldier becomes readily apparent when it is considered that the
first process, fibroblast proliferation, is an important determinant of
the speed of healing, while the second, elaboration of collagen, is
responsible for the development of the tensile strength of the wound.
From this point of view the problem of wound healing can then be restated
in the form of the following two questions: 1) What is the nature of

the changes in the cellular environment which. following injury, first
induce fibroblasts to proliferate and later limit cell division to the
maintenance of a collagen producing steady state cell population? 2)
What is the nature of intracellular wolecular interactions which occur

in response to these extracellular changes and result in the early phase
of DNA replication and general protein synthesis follcwed later by a
marked reduction of these activities while the synthesis of collagen
continues at a relatively high rate? ’

Approach

The reason that a great number of clinical and experimental studies have
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failed to provide answers to the two questions defined above, lies irn
the great complexities of the clinical situation in man and the experi-
mental conditions in the whole animal. Even the discovery that cultures
of fibroblasts attached on glass o7 plastic surfaces reproduce the

wound healing sequence (i.e. procnounced decline of DNA replication,
general protein synthesis and cell division while collagen synthesis is
maintained at relatively high levels) as they proceed from low to high
cell densitiesl, has failed to provide the desired ansvers. This is

due to the fact that in attached cultures, it is impossible to distinguish
between possible physical growth regulatory mecnanisms necessitating
cell to cell contact and humoral regulation operating through decreased
uptake of substances essential for growth by dense cultures.

‘We decided to approach this problem through the use of suspension cul-

tures where cell to cell contact 1s minimized: reduction of DNA syn-
thesis, of general protein synthesis and of mitosis wlth maintenance of
collagen synthesis in such cultures would unequivocally indicate humoral
regulation. An opening wedge would thus be provided for identifying

the extracellular eavironmental changes and intracellular metabolic
interactions responsible for the wound healing sequence.

The origin and gquantitative karyotype of the L-929 cell subline and the
culture methods used to obtain viable and structually intact high den-
sity populations have been described previously?’3:“. During the period
covered by the report, DNA synthesis, mitosis, synthesis of cellular
proteins and of collagenous and non-collagenous proteins released in

the media of these high deasity cultures were investigated and com-
pared with low density cultures as follows:

I.  To determine the fraction of cells synthesizingy DNA, 9 ml samples
were removed from the experimental cultures at desired time intervals

and pulse labeled for 10 minutes with °H thymidine added to the samples

at a final concentration of 0.25 uCi/ml. The cells were then centrifuged,
washed with cold Earle's balanced saline, fixed in a 1:3 cold mixture of
glacial acetic acid-ethanol and stresked on slides. After air-drying,

the slides were stained with Feulgen, coated with Kodak Nuclear Track
Emulsion NT B2, exposed for 3-6 days and developed. Total and labeled
cells were deterwined in the final autoradiographs by counting a least
2000 cells.

II. To determine the fraction of the cell population in mitosis at
desired time intervals following medium renewal, appropriate samples of
the cell suspension were added to equal volumes of a 1:2:3 mixture of
0.1 percent crystal violet in 0.1 M citric acid - 0.1 M citric acid

= 0.25 percent methylcellulose in 0.1 M citric acid and allowed to
stand for 30 minutes. Wet mounts were then prepared, and total and
mitotic cells determined with the aid of an ocular grid. At least 2000
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cells were counted for each determination. To determine the fraction

of the cells entering mitosis over an extended period of time, colchicine
at a final concentration of 6 ug/ml was added to cultures 2 hours after
renewal of the medium when dispersal of the cells was almost complete.
Eighteen hours later, i.e., 20 hours following medium renewal, wet

mounts were prepared, and total and mitotic cells determined as just
described.

III. To determine rates of synthesis of cellular proteins and of col-
lagenous proteins released into the medium, L-pcoline 3,4-3H with a
specific activity of 5.86 Ci/mM was added to low and high density cultures
at a final concentration of 2 uCi/ml. The cultures were allowed to
incubate at 35° for desired periods of time.. At the end of these times
5 ml samples of the suspensions were removed and the cells separated
from the medium through centrifugation at 500g for 10 minutes. The cell
pellets were washed twice with 5 ml freshly made medium and the washings
added to the original medium bringing the total to 15 ml. The cell
pellets were then treated with 5 ml 0.5N PCA in an ice bath for 20 min~-
utes. The resulting precipitate, was removed by centrifugation, washed
with cold PCA containing 1 mg/ml of cold proline and hydrolysed overnight
in 6N HC1l at 115°. The 15 ml samples of media and cell washings were
placed back in the incubator and stirred for 15 minutes after addition
of cold proline sufficient to yield a concentraticn ratio to the isotope
of 10%:1, The medium then was treated ir the same way as the cell
pellet except that an equal volume of 1IN PCA was used to precipitate

the high molecular weight components. Cell and medium hydrolysates were
subsequently evaporated to dryness and dissolved in 0.2 M sodium citrate
buffer at ph 3.42. Radioactive proline and hydroxyproline in the
hydrolysates were then separated through cation exchange column chroma-
tography and quantitated by means of liquid scintillation counting.

Results and Discussion

I. The fraction of cells synthesizing DNA at various times after medium
venewal in cultures of varying densities is shown in Fig. 1. In the case
of the lcw density exponentially growing cultures, this fraction increased
from an initial mean vslue of 0.41 at 2 hours to 0.53 &t 14 hours and then
declined again to a value of 0.36 at 26 hnurs. This aslight degree of
synchrony is most probably due tc interference of the mechanical manipu-
lations and temperature changes assoclated with medinm renewal, with the
normal progression of the cells througn tie cycle, [f, in ovder to
facilitate comparisons, this slight iegree of synchrony is ignored and

the fraction of cells synthesizing UNA 1s uveraged over the entire

26-hour observaticn period, a value of §.45 is obtained. v

Renewal of the medium hed a strikingly different effect on high density
cultures as shown by the immediate rise of the fractica of 'H thymidine
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labeled cells to a maximum value of 0.06 where it remained until 8
hours. After this time, the fraction of labeled cells declined pro-
gressively to a minimum value of 0.006 where 1t remained untill the
medium was again remewed (¥ig. 1-IT), Mechanical manipulations and
cooling during media renewal obviously cannot account for the sudden
rise of the fraction of labelled cells. Accordingly, syachrony in
this case cannot be ignored and the values of the fraction of cells
synthesizing DNA must be compared individually to the average rate
characteristic of low density cultures. This comparison shows a
reduction, ranging from 87 percent for the maximum rate between 2 and
8 hours, to 97 per cent for the minimum rate betweea 20 and 26 hours.

Following dilution of high dersity populations to the low levels charac-
teristic of exponentially growing cultures (Fig, 1-TII), the number of
DNA synthesizing cells showed an increase which, minimal at 8 hours,
reached a progressively higher rate resulting in a value of 0.60 at

20 hours with a subsequent decline to 0.40 at 26 hours.

IT1. The kinetics of the mitotic activity in cultures of varying cell
dencities as a function of time after medium renewal (Fig. 2) were

found to parallel closely the kinetics of DNA synthesls just described.
Thus, in the low density exponentially growing cultures, the curve of
the fractior. of cells in mitosis (Fig. 2-I), while qualitavively similar
to the curve of the 3H thymidine labeled cells (Fig. 1-1), appears to
have been displaced to the right. Increments and decrements of mitotic
activity followed vegularly the corresponding changes in DNA synthesis
confirming the slightly synchronizing effect of the manipulations
involved in media renewal.

Although this synchronization was present in all populations examined,

the ranges plotted around the means indicate that the fraction of cells
undergoing mitosis at any given time fluctuated widely among the popula-
tionz examined, with the yreatest differences found at 14 and 20 hours when
mitotic activity was highest. These differences were very nearly elimi-
nated when the number of metaphases obtained by treating the cultures with -
colchiicine for 18 hours was considered (Fig. 2-T, bar graph). This
indicates that the main cause for the variation noted in these experiments
was. that, while the total number of cells enteriny mitosis over an
extended period of time was nearly identical in all cultures, the fraction
of cells undergoing mitosis at any given pcint in time varied considerably
in different cultures. In this respect, cvll populations gsrowing in cul-
tura are nv different from tissue celis growlns ‘n v'2r, as-is readily
shown by a comparison of the ranges arcund the means of thé time curves

of Figs. 1 and 2 with the varfation ceen fu :imilarly ohtained time curves
of DNA syathesis and mirosts in the recencracing rat liver'.
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It follows, that in order to obtain a reliable estimate of the true
mitotic rate of such populations, the length of the exposure to col-
chicine should be such as to minimize fluctuations of the mitotic
activity with time in individual cultures without allowing a significant
number of cells to leave the metaphase block. The 18-hour exposure used
in this work was chosen because preliminary determination of the kinetics
of colchicine arrested netaphases showed that the number of cells leaving
the block at 18 hours was negligible.while the choice of an earlier time

interval would reintroduce the type of variation seen in the mitotic
index curve.

The bar graph of Fig. 2-1 indicates that at the end . an 18-hour expo-
sure to colchicine, beginning 2 hours after renewal of the medium of

low density exponentially growing cultures, the fraction of cells which
accumulated at metaphase was 0.60, or, a mean rate of flow of cells into
mitoeis of 0.033 cells per hour. .The average mitotic index over the
same period of time, calculated as in the case of the H thymidine
labeled cells by ignoring the slight synchrony due to medium renewal
manipulations, was 0.02. Standard calculations based on these data
indicate that the mean mitotic duration of low density exponentially
growing populations was 0.59 hours.

As with low density cultures, increments and decrements of the mitotic
index in high density populations followed earlier changes in the fraction
of 3H thymidine labeled cells. A maximum value of 0.005 was reached at 14
hours and a minimum of 0.003 at 2 and at 26 hours (Fig. 2-II). This is a
reduction of 75 and 85 percent, respectively, compared to the average
mitotic index of the low density populations. (n the other hand, the
fraction of cells arrested in metaphase was .049, corresponding to a
mitotic flow of 0.003 cells per hour, or, a reduction of over 90 percent,
in comparison to low density populations. The discrepancy of the reduc~
tion between mitotic index and mitotic flow indicates that the duration

of mitosis is prolonged in high density cultures. Another indication of

this prolongation is provided by the greatly reduced amplitude of the
flyctuations of the mitotic index of the high density cultures when
compared with the earlier fluctuaticns of the fraction of DNA synthesiz-
ing cells (Fig. 1-II). The resvltaing relative comstancy of the mitotic
index made possible the cal-ulation of an average value for the interval
2 to 20 hours, which in rurn was used to obtain a first approximation

of the duration cf uitosis. The volue thus obtained 1s 1.4 hours.

Following dilutien of high uensit: populatiors (Fig. 2-771), there was a -
slow gradual increase ln the average mitotic index which, however, v
remained within the range chocacteristic for fiigh densitv cultures until

20 hours. Afger this time, zhe Jacrease ol the mitotic index reached a
very high rate pavalleling & siwifor iusrease of (he fraction of DNA
synthesizing cells (Fig. ¥»707), dut with o (onsiderabie delay. This




dulay was also reflected in the fractien of colchicine arrested wmeta-
phases whi¢h at 20 hours had rigen bearly above the level characteris-
tic for high density populations (Fig., 2~1I and II1l, bar graphs). Con-~
sequently, it became necessary to extend the observations on the post~
dilution flow of cells into miteosis beyond 20 hours. The mitotic
degeneration known to occur in cultures continuously exposed to col-
chicine was no obstacle because it was found that with prolenged

exposure to colchicine L cells pass through the easily identifiable ‘
micronuclear and ameboid-nuclear stages first described in the regenerat-
ing liver of the rat. By counting cells in these stages, in addition

to metaphases, it has been possible to extend the chszervations to 32
hours as shown in Fig., 3. The completeness of mitotic accurulation
between 20 and 32 hours is indicated by the near linearity of the curve.
Qualitatively and in regard to timing, the curve is identical with the
mitotic index curve (Fig. 2-III1) and confirms the fact that the entry |
of cells into mitosis following dilution of a high uensity culture ]
follows the kinetics of /'NA synthesis.

The curve consists of three distinct linear or near linear segments
rendering possible the calculation of three mitotic flow rates follow-
ingdilution of a high density culture. These rates expressed as the
fraction of cells entering mitosis per hour, are: for the first 8 hours
following medium renewal, 0.001; for the interval 8 - 20 hours, 0.006; and
for the interval 20 - 22 hours, 0.043. Thus, for the first 8 hours
following dilution, the rate of mitotic flow remained within the limits
characteristic for high density populations and showed only a slight
rise frowm 8 to 20 hours; after this time it exhibited a dramatic 14-fold
increase exceeding by approximately 30 percent the mitotic flow rate

~of low density exponentially growing cultures.

3

In Ffigs. 1-II and 2-II, it can be seen that at the end of the 26-hour
period following renewal of the medium, the populaticn was virtually
depleted of cells in the S period and the mitotic index was low. Medium
renewal caused an immediate rise of the fraction of cells in S to a maxi-
mun ¢f 0,06 followed at 14 hours by a rise of the mitotic index. While
the prolongation of the duration of mitosis previously discussed, makes
a direct quantitative comparison c¢f mitotic and labeling indices uncertain,
¢ can be calculated that with a mitotic flow of 0.003 cells per hour and
2 mivotic duration of 1.4 hours the maximum fraction of the cells
expected to complete mitosis per day is C.048. There is near identity of
the values for the fractions of DNA synthesizing cells and of those
completing mitosis, with a value of upproximately 0.05 for the fraction
of nonviable cells which were found to occur in high as well as low den-
sity expcnentially growing cultures, most probably because of the manipu-
lations assoclated with medium renewal.

The abruptness of the rise of the number of JONA wynthesining cells to a
maximum at 2 howrs (Flg. 1-TI) indicates thot beside protongation of




micosis there iy also delay of a small fractiou of cells in the G
period. Medium remewal triggers the entry of these c211s into the S
period wit) differences of the duration of this period among different
cells accounting for the gradualnees of their depletion betveen 8 and
20 hours aiter mediua reneual.

The same response from the G; delayed fraction is cbtained at 2 hours
after dilution of a high density population (Tig. 1-117). Beginning

at 8 hours after dilation, however, there is a further marked increase of

the nuaber of DNA synthesixing cells, the cumulative kiuetics of which
sugzest that, besides the G, delayed cells a wmuch larger fractlion of
the pep—lation is triggered into the cell cycle frem a Gy, or, early G
phase. This increase of DNA svathesizing cells is followed 12 hours
later by an increase of mitosas. both, mitotic index (Fig. 2-III) and °
mitetle flow (Fig. 3) curves are of ti= same cumulative ~vie, further
supporting the concept that a large fraction of the cell pupuiaticn in
high density cultures is in a G, or early G; state.

These findings rzpresent the first demonstration that suspension cuitures
are capable cf the type of steady state regulavion nf growth exhibited
by attached cultures and tissue cells in the body: the cultures of L
cells described, remained viable for prolonged periods, the large major-
ity of their cells v2:e arrested in a G, or early G, phase resuming.
growth readily upon dilution, and small daily losses due to culture
manipulation were compenstaed by DNA synthesis and division limited to
a correspondingiy small mwher of cells. 7he signifiicance of physical
factors such as celi ro cell contact is by necessity minimzl in cell
suspensions. Accordiagly, the systex offers unique opportunities for

the study of humoral reguiaticn in a sequence im viiro, closely resembl-
'ling the orderly succession of the different phases of wound hzaling in
vivo.

ITI. The kinetics of crotein svnthesis in low and high density suspen—
sion cultures are shown i Table 1. The longast labelling time used in
these first experiments is 5 houts, corresponding to 7 hours following
renewal of the medium. Deszite this relativelv short observation period,
it is apparent that in high density cuitures irntracellular protein
synthesis, indicated ty the ’H-prolime counts ia cellis, is reduced by
73-79 percent, vhile the synthesis and release of ucllagen, indicated by
the wedia “H-hvdroxvproline counts, is redus=¢ by crnlv 33-40 percent.
Thus, suspznsion tultures are snown to exhibit regulatory features of
gereral protein and collagen svothesis characteristic of attached cul-
tures® and cf healing wounds. 3ince the recucrion of cyllagen synthesis
per c21] 15 Iirited zo 2 maxismum of 40 percent, while the cell population
of high density cult.rzs s increased approrinately 1° cimes, met colla-
gen synthesis is imcreased over five-fold. It i¢ probable that a
similar mechanism ancovnts Zor the apparent increaze o collagen elab-
oratien in th: late wound.

ONG

[}




- e C
LT LALOTV IR AL,

G e e e ey

In addition to collagen, L cells were found to release other proteins,
indicated by the media 3H-proline counts. This 1is in good agreement

with the recently reported release of non-collagen proteins by chicken
fibroblasts®. The nature and function of these proteins is at present
obscure. The table, however, shows that in contrast to the synthesls

of intracellular protein and of collagen which is reduced by a constant
percent in the high density cultures, these proteins, expressed by the
media proline counts, show a reduction which becomes piogressively
greater with time. Properly exploited this finding might provide us with
some interesting clues regarding their role.

Finally, the data indicate that the reduction of intracellivlar collagen,
indicated by the 3H-hydroxyproline counts in cells, is approximately
midway between the reduction of cellular protein and of released colla-
gen and, like them, remains invariant throughout the 6-hcur observation
period. Intracellular collagen ievels represent & steady state between
synthesis and release of this macromolecule and changes of the rates of
these two processes cannot be expected to be the same. It 1is not,
therefore, susprising that the reduction of intracellular and extracell-
ular hydroxyproline counts in high density cultures 1s not identical.
This interpretation is further supported by the finding that while in
both low and high density cultures intracellular hydroxyproline increases
during the 2- to 4~hour interval and decreases slightly thereafter,
extraceliular hydroxypreline continues to increase, albeit at a lesser
rate, up to the end of the observation period.

Conclusions and Recommendations

The esseutial cellul-r sequence of wound healing: early replicatior of
DNA, synthesis of cell protein and mitosis followed by the establish-
ment of a steady state population of fibroblasts synthesizing collagen,
has been reproduced for the first time in a model suspension culture
system. By minimizing interference by physical factors, such as cell

to cell contact, the system offers unique uvpportunities for investiga-
ting humoral regulation. This tvpe of regulation has important poten-
tialiries for the eventual control of the clinical course of weund heal-
ing in the injured soldier through chemical means. Accordingly, it is
highly recommended that these investigations be vigorously pursued along
three main lines: a, identification of the components of the cellular
microeuvironment responsible for the type of regulation described in
this report; b) expleration of the role cf the cell surface in the in-
teraction betwsen cells and envivonmental facrors; and ¢} analysis of
the ensuing modification of intracellular syntheses and metabolism
respoasible for the orderly succession and completion of the different
phases of the healing process.
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LEGENDS OF FIGURES AND TABLES

FIG. 1 Effects of culture density on DNA synthesis.. At the indicated

FiG.

FIG.

2

3

times, cell samples from (I) low density (4 - 8 X 10° =ells/ml),
(1I) high density (6 «~ 10 X 10° cells/ml), and (III) high den-
sity cultures following dilution to the -density level of (I)

at O time, were pulse labeled with tritiated thymidine as
described. Nuclei with more than 5 grains were considered
labeled. Each point represents the mean of at least three cul-
tures, and vertical lines indicate the range around each mean.

Effects of culture density on mitosis. At the indicated times,
cell sarples from (I) low density (4 - 8 X 10° cells/ml), (II)
high density (6 - 10 X 106 cells/ml), and (III) high density
cultures following dilution to the density level of (I) at 0
time, were taken and the fraction of cells in mitosis deter-
mined as described. Each puint represents the mean of at
least four cultures and vertical lines indicate the range
around each mean. The bar graphs on tlie right indicate the
fraction of cells in metaphase, in samples obtained at 20
hours from a group of cultures which had received 6 ug/ml of
colchicine 2 hours after medium renewal. Each bar graph
represents the mean of at least 3 cultures and vertical lines
indicate the range around each mean.

Kinetics of the flow of cells into mitosis following dilution
of uigh density population. Colchicine (% pg/ml) was added

to the cuiture two hours after its dilution from an initial
concentration of 7.0 X 10° cells/ml to 4.3 X 10° ceils/ml. In
addition to metaphases and cells with scattered chromosomes,
the fraction of cells in c-mitosis Includes those with micro-
nuclel and ameboid nuclei.




TABLE I. Kinetice of protein synthesis in cultures of varying ce’l o
densities. Y

In ord.r to obtain proper dispersion of the cells and .
accurate cell counts, L proline-3,4-’H was added to the SR
"cultures one hour after centrifugation and resuspension in 3
naw medium. Labeling times refer to the intecrvals between
addition of the isotope and sampling. Accordingly, by

adding one hour to the figures given in the table, the
corresponding post medium renewal times are obtained. Low
density refers to cultures with 4 8 X 10° cells/ml; high
density to those with 6-10 X 10° cells/ml. All counts

have been normalized in regard to cell number and are Lhere-
fore expressed as disintegrations per minute of tritium
(dpr-3H) per million cells. Proline and hydroxyproline counts
refer to chromatograms of hydrolysed, acid percipitable
materlal obtained as described in the text; they are, there-
fore, expressions of general protein and of collagen synthe-~
sis, respectively. Distribution of the counts between cells
and media expresses cellular retention and release, respec-
tively, of these newly synthesized materials. '
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Project 3A61102B71R, RESEARCH IN BIOMEDICAL SCIENCES

Task 02, Internal Medicine
Work Unit 085, The heart under abnormal and patholeogical stresses

Investigators,

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

Associates: COL Ray A, Olsson, MC; LTC George M. McGranahan, Jr., MC;
MAJ Jerry A, Snow, MC; Eric C. Elliot, M.D., Ph.D.;
Darrell W. Haas, Ph.D.; Edward M. Khouri; Howard S.
Lowensohn; Charles E., Cain; R. Richard Gray, Mary K.
Gentry; G, Peter Frick; Bertram Pitt, M.D.; Stanislaw
Pasyk, M.D.; Colin M, Bloor, M,D.; Ellis L. Jones, M.D.;
William B, Mitchell, R, Lee Pyle, Ph.D.; D, F.
Patterson, M, D, :

Description.

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

Progress_and Results.

1. Development of Instruments and Methods for Cardiovascular Research.

The design and development of a lithium-drifted silicon semiconductor
beta ray detector suitable for longeterm studies of tissue clearance
of diffusible indicators in conscious postoperative animals was suc-
cessfully concluded. One such unit was implanted on the surface of e
dog's heart and functioned satisfactorily for four weeks. Tissue re-
action to the encapsulant was minimal. Because of the low efficiency
oi this type of detector, studies of avalanche diodes were begun.
Preliminary results indicate that the latter is several times more
efficient than the Li/Si type, and may be suitabie for measurements
of tissue clearance of Kr-85.

2. Metabolic Control of Left Coronary Blood "low.

Adenosine kinase from dog heart has been separated from adenosine
deaminase and its kinetic characteristics have been studied. This
enzyme has a Km of 0.4 M, and its cciivity in dog heart is on+£he
nrder of 20-30 nmole/g LV'min. The enzyme is stimulated by Mg

and although ATP is a substrate having optimal effects at 2 mM, it
appears to be a competitive inhibitor at 10 mM. The low Km of this
enzyme relative to that of adenosine deaminase affords a plausible
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explanation for the observed predominance of phosphorylation over
desaination of adenosine subsequenc to its entry into the nyocardial
cell.

The cstimates of rhe kinetic parameters of sdenosing uptake by dog
heart have been further refined, the Vmax being 4.9 + 0.7 mmole/g
LY'min and the Km being 1:.0 * 2.4 yM. Insulin appears to raise both
Ka ard Vmax, as has been —-eported for srabinoce and xylose transport.
Several 6-substituted purine ritosides inhibat alenosine uptake, their
relative effectiveness being: -ml:l:? -HNCH_ > -SCd.) = S = G. Adenosine
uptake is also inhibited by a 2T of adenine Iuranosides whose 2f-
fectiveness is ir the order: 5’deoxvriboside’ arabinoside>psicofurano-
side; 2'deonxyadenosine was an inhibitor only at very high concentra-
tions and adenosine xyloside was not inhibjtory at all. These preli-
mirary results suggest that ~he binding of aderoOsine to the myocardial
membrane carrier which wediates its transport may depend upon the
electron-donating capacity of the purine $-substitvent and on the
orien.ation of the 2' and, to a great ertent, the 3'hydroxyl of the
ribosyv] moiety. :

‘ihe trelative effecriveness of tie 6-substituted purine ribosides as
coronary vasoldilators is in Che same [eneral order as their effective-
ress as inhibitors of adenosine transport, except that neither inosine
i=0) nc: thioinosine (=S) is vasodilatory, and the effect of the wethyl-
thio analog is delayed in onsz=t. Apparently, both the 2' and 3' hydrox-
vl grcaps oriented trans to the purine mciety is the contormation re-
quired for coronary vasodi.ztory activity. Only adenosine and its

5'deoxvriboside were strongly vascactive. Tsicofuramine, which hes a

~Ch, OH group adjacenc to the epimeric carbon (corresponding to the 2'
cargon cf tbe ribofurznose ring), is & relatively weak coronary vaso-
dilator, and neither adenine aratinoside nor xyloside has any vaso-
dilatory effect.

3. Myo. ‘ial Metabolisn.

The studies on site-specific inkibitors of oxidative phosphorylation
in heart sarcosomes have besn almcst completed and the work is being
wsitten for publication. The speciiicity of biguanides for the second
phosphorylation site is dependert on the eatire biguanide group veing
sterically vneacumbered. The hiccking cut of one ¢f the imine groups
or the termin2l amine zroups wili cause the rasulting compournd to act
as a guanidine derivative and be specific for the first rarhar than
the second phospheryviation site.

Work is aow proceeding to study the mechanism 2 chis ink:bition in
order :9o gain some insight ints “he normai cousling plenowenon involv-
ing inorganic phosphate, adencsine <{iphosphace and z poscible alipha-
tic intermediate.
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Work on the new submitochondriel particle prepared from beef heart

is being continued. A stable preparstion has been obtained which
exhibits good oxidative phosphorylaticn properties. This particle
contains about 307 of the pyridine nucleutide present-in the intact
mitochondrion while the cytochrome content i§ increased about three-
fold on a-protein basis. The endogencus NAD is reduced by 807 on
the addition of succinate, and is rapidliy reoxidized on the additjon
of an uncoupling agent. The morphological studies have been slow <Zue
to an overload of use on the available electron microscopes.

4. The Normal Coronary Circulation. -

Using an experimental model set forth in the .1970 Annual Repcrt, au
unusual response has been found of the normal coronary circuiction
of the resting dog. Following excitemect induced in varjious ways, a
very large increase in lef: coronary inflow occurs within 10 to 15
seconds. This response is similar to t.at with exercise, &nd is ac-
companied by significant .elevation of systemic dynamics. However,
instead of iucreasing, the oxygen extractior acrcss the heart de-
creases mackedly with the result that the coronary sinus oxygen nray
rise to 607 saturation from a control of about 251 saturation. This
marked rise in coronary sinus oxygen content also occurs in the dog
with a heart chronically denervated by the stripping technique, and
in such a dog it can occur without significant elevation of heart
rate and aortic blood pressure. This indicates that rhere is a
plethora of coronary blood flow. Excitemerit is the only known natu-
ral stress in which the oxygen supply exceeds the cxygen demand.

5. Regulation of the Coronary Coliateral Circulation.

Using the experimental models outlined in the 1970 Annual Report,
studies have been completed of the changing coronary collateral com-
pensation in chrenic conscious dogs, 1) in which the blood fime in the
circumflex branch of the left corvnary artery was partially removod,
gradually reduced to zero, an® abruptly reduced to zero; and 2) in
which after artery closure, the vessel was reopened for a long period
and then abruptly reclosed. ‘

a. Pregressive circumflex occlusion. Left circumflex flow has
been graduaily vreduced to zero in 1.5 to 12 davs in 13 chronic dogs
by an Hg constrictor adjusted externally sc that minimal tc nc changes
occurred in the electrocardiogram and systemic dvnamics. At autopsy,
there was rinimal te no infarction. All collateral indices increased
markedly; left descending flow 2nd its resctive hypreremia nearly
doubled, the circumflex per:pheral pressure rose & to 5 times, xenon
clearance in the occluded circumflex bed rose to values approximating
those before inauc:tion of coronary insufficiency. Retrograde colla-
teval flow from the non-occluded corcnary arteries, measured ir>rminally,
v2s greatly elevated even after am occlusion of cnly one and on:-half
days. It was found nro: necessary for coronary biood flow to ' : reduced
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to zero to establish a significant collateral circulation. Sizeable
increases in circumflex peripheral pressure and collateral flow were
observed even when circumflex flow was reduced by about 607 over a
2% day period. .

b. Abrupt circumflex occlusion. Abrupt and complete closure of
the circumflex branch for 1 to 4 days was carried out in 15 dogs. No
dog succumbed or developed ventricular fibrillation despite classical
changes in the electrocardiogram and massive myocardial infarction.
Evidence for improved collateral function during the first day or so
was the large elevation of circumflex peripheral pressure, a mild
rise in xenon clearance and in retrograde collateral blood flow.
These changes were greatly increased after the first day of occlusion,
After 1 to 2 days of occlusion, the collateral indices were all
greatly elevated, the collateral blood flow being many times greater
tkan in control dogs. )

c. Regression and reappeatrance of coronary collaterals. In eight
dogs, after gradual or abrupt circumflex branch occlusion as described
in 5b, the vessel was rcopened for varying periods and then abruptly
reoccluded. Following release, all collateral compensations dropped
to neat control leiels within 3 to 24 hours. Following reocclusion
of the circumfler 3 tco 90 days later, the collateral indices rose to
very high levels within less than an hour. Even the directly measured
collateral flow was very high.

6. The Effects of Pulmonic Stenosis and Subaortic Stenosis.on the
Right and Left Coronary Circulations.

A previovs study designed to test in the trained conscious dog the
effects of puimonic stenosis and aortic stenosis of the subvalvuler
type, on the right and left coromary circulations of the trained,
conscious dog, has been expanded considerably.

a. Pulmonic stenosis. Progressive constricticn of the pulmonary
arteries was mechanically induced over a few wecks in a2 third dog (see
1970 Annual Report). Early and witk only moderate elevation of right
ventricular systolic pressure 'about £5/3 mm Hg), right coromary blood
flow increased throughout the cardiuac cycle; later, both mean and
systolic coronary flow decreased. These flow irends are similar to
but of smalier magnitude thav those found in previous dogs in which
much higher right ventricular pressures were maintained.

In a joint project with the Comparative Cardiovascuiar Studies Sectionm,
University of Pennsylvarnia, two mature weil trained dogs with con-
genital pulmonic stenosis of the fibrous ring type, have veen studied
in this laboratory; & third dog is presently being evaluated. Fallow-
ing recovery from implantatior of eiectromagnetic flowraters or the
ascending aorta and right coronary arcery, and a pressure tube in the
aorta, the dogs were stud.ed at rest and under the influence of
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natural stresses., With right ventricular systolic pressure greatly
exceeding aortic systolic pressure, the right coronary blood flow of
35 m1/100g/min at rest is about the same as in the dog with a normal
right ventricular pressure. There is very little right coronary sys-
tolic forward flow and negative flow is generally seen during late
systole. In exercise, excitewment, and reactive hyperemia, mean right
coronary flow rises largely because of vasodilatation during diastole,
but coronary systolic flow increasec scarcely at all. Thes= findings
contrast with those in the dog with a normal right ventricular pres=-
sure, in whom at rest the level of flow throughkosut systole ie about as
high as during diastole, while during stress states coronary blood
flow increases greatly throughout the cardiac cycle.

b. Congenital subaortic stenosis. An additional dog with con-
genital subaortic stenssis of the fibrous ring type has been studied
as part of a continuing collaborative investigation with the Cardio-
vascular Studies Section, Scheool of Veterinary Medicine, University
of Pennsylvania (see 1969 Annual Report). With left ventricular
systolic pressure almost twice the aortic systolic pressure, mean cir-
cumflex flow is only 15 m}/min/100g, and the leit circumflex systolic
flow is almost all backflow. This confirms the previous work. The
stresses of reactive hyperemia, excitement, and mild to moderate
treadmill exercise, all increase markedly circumflex blood flow, but
the increase is almost entirely in diastole, for there is scarcely
any forward flow in the left coronary artery during left ventricular
ejection. These findings contrast sharply with those in the dog with
a normal ieft heart. In the latter at vest, systolic forward flow is
considerable, and the left coronary flow per 100g/min is much larger.
During the aforementicned stresses, circumflex coronary flow increases
largely in systole as well as in diastole.

Conclusions.

Adenosine uptake by canine myocardium appears to occur bv a process of
facilitated diffusion, and binding to the carrier is stereospecific.
The effectiveness of a purine nuclecside as an inhibjtcr of adenosine
uptake appears to be independent of its action on coronary vascular
tone. These preliminary results suggest that alterations in the pco-
perties of heart cell membranes may contribute to the cardiac deterio-
ration seen in hemorrhagic and endotoxin shock,

The specificity of biguanidez for blocking variovs phosphorvlation
sites is Jependent on the presence or absence of interfering groups.
A stable subsarcoscmal particle of high phosphcrylation efficiency
tightly courpled to respiration has been developed.

Excitemert in the normal heart or the heart with cardiac eural able-

tion ceuses a plethora of left ccronary inflow so that coronary sinus
oxvgen saturation risas markedly.
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Studies have been presented of the natural history of the development
of coronary collateral function in the chronic conscious dog during
gradually or abruptly induced left coronary insufficiency. Such de-
velopment is very rapid and large, starting within the first day or

so after total or partial coronary occlusion. . Its magnitude is such
that when coronary flow is graduaily reduced to zero over a 2 to 3 day
period, there can be minimal to no myccardial infarction, and no per-
manent alteration of the electrocardiogram occurs. These collaterals
quickly become nonfunctional when the coronary insufficiency is re-
leased. However, up to 90 days after release, they are immediately ]
available to resupply the myocardium following a subsequent reocclu-
sion. Unfortunately, these observations do not provide evidence for
the mechanisms controlling collateral development but they do point
the wav for future experimentation.

i

Studies have been made in chronic dogs concerning the effect on the

3 - right and left coronary circulations of high outflow tract impedance

E : of the right and left ventricles, occurring naturally in congenital
pulmonic stenosis and congenital subaortic stenosis. With the right

and left ventricular pressures considerably in excess of the aortic ]

blood pressure, forward flow is largely prevented during systole in

the respective coronary arteries with the dog at rest and during .

various stress states. This Imposes a serious impediment to the

ﬁ myocardial oxvgen supply, presumably at a time of greatest need.

3 In rormal conscious dogs during gradual mechanical pulmonary artery

) constriction for 2 to 3 weeks, right coronary systolic flow di-

minished in relation to the extent of elevation of right ventricular

systolic pressure.
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Investigators.
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MAJ Ronald 0. Gilcher, MC; MAJ M. Jeffrey Maisels, MC;
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Description.

Basic and clinical studies to investigate the functions and disorders
of blood and bloed forming organs.

Progress and Results.

Dapsone has become an important chemoprophylactic drug in the preven-
tion of chloroquine resistant Plasmodium falciparum malaria in many
geographic areas of the world. This drug produces clinically apparent
nethemoglobinemia in people with a heterozygous deficiency of NADH
methemoglobin reductase deficiency and ¢ measurable increase in met-
hemoglobin blood levels in normal individuals. NADH methemoglobin
reductase deficiency occurs in about one per cent of the normal
population. Although methemoglobinemia in small quantities does not
produce gross clinical symptoms, it involves respiratory enzymes as
well as hemoglobin and may cause minor decrements in visual and audio
Perception at low levels. Hydroxylamine dapsone was shown to be the
only identifiable derivative of dapsone which produces methemoglobin
formation. Additional studies with this derivative have suggested
the mechanisms of action. The hexose monophosphate shunt which is
vital to protecting the red blood cell from oxidative stresses is
paradoxically responsible for the methemoglobin formation ohserved
with hydroxylamine dapsone. The reducing equivalents produced by
this pathway are responsible for further activation of the drug, re-
sulting in additional methemoglobin formation. This was substantiated
by studying methemoglobin formation in red blood cells from G6PD
deficient subjects. Red blood cells from G6PD deficient patients
contained less methemoglobin than erythrocytes from normal subjects;
this observation is consistent with the observaction that the hexose
monophosphate pathway is less effective in affected red blood cells.

Dapsone is synergistic to primaquine in causing enhanced hemolysis
which is mest pronounced in subjects with G6PD defliciency. Studies
of a number of derivatives of dapsone showed that hydroxylamine dapsone

605




appears to be the active hemolytic agent. In contrast to methemoglobin
formation which is enhdanced when the hexomonophosphate shunt is func-
tioning normally, hemolysis occurs when there is impairment of this
glucose pathway. 1In the nermal red blood cell with adequate amounts
of avaiiable glucose, hemolysis does not occur in the presence of
physiologic quantities of hydroxylamine dapsone. However, in red
blood cells with diminished glutathione, there is a marked reduction
in red blocd cell survival following exposure to the drug in thera-
peutic concentrations. Studies are in process to ascertain if this
is caused by the excessive generation of peroxides within erythro-
cytes,

Basic studies to investigate the etiology of hemolysis were undertaken
because this is an important problem in diseases such as malaria.
Studies were undertaken to examine whether red blcod cells were de-
stroyed because of loss of negative gurface charge upon their surface
or deformability or both. It was shown that older red blood cells
had a diminished negative charge on their surface than young ery-~
throcytes. Similarly, other investigators have shown that older red
blood cells were treated with neuraminadase in order to reduce the
capability of erythrocytes to maintain a negative charge on their
surface, Chemical treutment with neuraminadase markedly diminished
the survival of these cells when they were transfused. Preliminary
studies show that this method of treatment of erytnrocytes decreases
both the negative surface charge on erythrocytes and also decreases
the capability of these cells to undergo deformability.

Studies of neutrophil function and leukocyte chemotaxis were initi-
ated during the year in collaboration with Dr. Peter Ward at the
Armed Forces Institute of Pathology. Inflammation has both destruct-
ive and beneficial effects. Damage following a foreign insult is
often host mediated such as 1s observed in acute immunclogic vascul-
itis and glomerulonephritis. Further, polymorphonuclear leukocyte
depletion eliminates the necrcsis of the tick feeding lesion. Tick
salivary gland extracts contain a p.tent enzyme which cleaves C5 to
produce the chemotactic factor C5A. This was confirmed by use of

C5 deficient mouse sera, sucrogse gradient ultracentrifugal analysis
and specific antibody suppression. Furthermore, complement depletion
of host rats by cobra venom factor alan eliminated the characteristic
necrosis following a tick bite,

The potential damage to host tiasues resulting from the accumulation

of neutrophils is substantial. Restraints of the inflammatory

process must exist, The Cl esterase irhibiter and anaphylatoxin

! inhibitor are two examples. Two protein~like substances were found

k in serum which block the activity of both complement and noncomplement
: chemotactic factors. They do not have characteristlics of antibodies
and seem to be important in the homeostasis of irilammation. Puri-
fication of these compounds ls beilng pursued because of the possibility
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increased infection. Preliminary studies have shown the necessity
for glycolysis in the polymorphonuclear leukocyte to responl to
chemotactic stimuli.

L that excess production of these inhibitors could be associated with

'Q ‘ Measurement of carbon monoxide production lu the body provides an

-;} accurate means of quantifying the rate of red blood cell destruction.
It is preferable to methods in which red blood cells are labeled with
:? a radioisotope because it permits measurements to be made within hours
rather than weeks and it includes hemoglobin degradation from in-
effective erythropoiesis. Using this method three groups of patients

] have been studied: soldiers with G6PD deficiency with and without the
b ingestion of primaquine, patients with sickle cell disease before and
i after treatment with urea and patients with chronic unconjngated bili-
rubinemia before and following caloric deprivation. Hemolysis occurs
within hours after the ingestion of primaquine and accelerated de-
struction persists for days in patients with G6PD deficiency. The use
of small doses of primaquine (5 mg daily) which are graduaily increased
to 15 mg daily provide a method of avoiding moderately severe anemia

in the treatment of patients with malaria who have G6PD deficiency.

The total number of red blood cells hemolyzed remains the same, but the
rate of hemolysis is decreased. Urea in invert sugar has been ad~
vocated as a method for treatment of sickle cell crises. Studles

o of red blood cell destruction showed that this treatment significantly
! increases red blood cell destruction. Differentiation of patients with
. ' hemolytic disease and ineffective erythropoiesis from patients with
Gilbert's disease has been a time consuming clinical problem Use of
CO production and the increase in serum bilirubin values following a
one day fast have proven valuable in decreasing the period of medical
evaluation from one month to several days.

Disseminated intravascular coagulation was observed in a soldier with
scrub typhus, two soldiers with Korean hemorrhagic fever and occurs
in Aotus monkeys infected with Plasmodium falciparum malaria. In the
soldier with scrub typhus, coagulation abnormalities were marked and
persisted for one week despite prompt recovery of the patient follow-
ing tetracycline therapy. Similar coagulation abnormalities were
obse:rved in serial blood specimens obtained from patients with hemor-
rhagic nephroso-nephritis in Korea. These findings make it important
to examine specimens from other patients with these diseases o
ascertain 1f the coagulation abnormalities are only an occurrence in
an occasional patient or are an important manifestation of the disease
which requires appropriate therapy. '

Studies of a patient with gevere Factor XI (PTA) deficiency and Type 1
dysgammaglobulinemia became important becavse she had severe ana-
phylactic reactions fnllowing hiocd or plasma transfusions. This
patient was shown to have a deficiency of Igh and had developed an
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antibody to IgA following transfusions. Transfusions of plasma from
normal donors with a congenital absence of IgA were unassociated with
any reaction. Since approximately 0.2 per cent of the population

are IgA deficient, this problem requires scrutiny in both the blood
transfusion field and in the administration of serum and serum com-
ponents (gamma globulin) for immunization against diseases.

Coagulation studies of dogs with tropical canine pancytopenia failed
to show abnormslities in coagulation. The bleeding abmormality is
believed to be caused by a diminished production of platelets in
association with an increased peripheral destruction of platelets.
Preliminary studies of platelets in these animals show excessive
clumping of thrombocytee in the peripheral blood. Platelet survival
studies are planned in affected animals to provide quantitative in-
formation about this aspect of the problem.

In addition, the Department of Fematology, WRAIR, provides laboratory
space and facilities for eight Fellows assigned to the Hematology
Service, WRGH, in order that they may devote a portion of their train-
ing to clinical investigation. The laboratories establish and main-
tain standards for distribution to military laboratories and act as

a reference laboratory for clinical and area laboratories and con-
tractual agencies. Laboratory evaluation of patients is provided

for difficult diagnostic problems in the areas of coagulation, hemo-
globin abnormalities, disorders of immunoglobulins, red blood cell
enzymes and abnormalities of iron, Bl2 and folic acid metabolism.

Recommendations.

Further studies of the etiology of the adverse reactions of the anti-
malarial drugs are required because it may be possible to prevent the
untoward effects and preserve the antimalarial effects. Additional
studies of the mechanism of hemolysis of red blood cells, the coagula-
tion abnormalities which occur in various infections tropical diseases
and of host responses to infection promise to provide basic informa-
tion of value in the treatment of these diseases.
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'physioiogy o{ diarrheal disease in order te better approach treatment and control of

23. (U) The incidence of diarrheai disease in combat troops has beea shown to
detrimenrally ~ffect field orerations. This .department's mission relates to the patho-

these conditions in the field.

24. (L) \ team studied the eticiogy of the prevalent diarrheal discases in Vietnam.
|Aniral models are being used to assess the effect of diarrheal disease on intestinal
neuromuscular mechanisms, absorptior andé secretion, hlood {low and enzyme activity.

25. (U) 70 07~ 7Y 06. A large pari of the cightv percent of diarrheas of unknown
etiology in Vietnam appear to bu due to ratheogenic E. coli and a hybrii E. coli/Shigella
organism. Diarrheal disease is associated with a loss ¢f irhititory and an increase of
excitatory nerve/muscle mechanisms in the intestine. The fluid l.st in these diseases
results from a reversal of water and salt absorption to secretion:; this conditioa is
Ibenefited by providing the gut with a sSoiuticon centaining increased glucose. Intestinal
Iblood flow in tie subhuman primate has been shown to he effected bv experimentzl shock
in a manner different from classical concerts. Adrenergic stimulation causes mesenteric
vasoconstriction which when prolonged is :ccompanied bv auteregulatery cscape. [untest-
inal blood flow has been shown to be indepeadent of motility. Nisaccharidase enzwy
lactivity is reduced in several malabsorption diarrheas. These animai studies have ,.o-
Vided specific informatior cencerniag absorption ane motility changes- in diarrhea; a
corresponding study o1 diasrhea in the bhuman is currently being ovganized. For

technical reports see Walter Reed Arwmy Institute of Fesear~h Annuzi Proeeress Report,
1 July 1970 - 30 June 1971.
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Project 3A061102BT7)E RESEARCK IH BIOMEDICAL E7TFNCES

-

 Task 02, Internel Medicine

work Unit 987, Gasirointestinal disease

-~

Investigators.
Principal: David G, Rnynnld,, LIC, MSC
I Kermeth G.'Swan, LTC, MC;. ~ -
R “David B. Kessler, LTC, #iC: Don H. Catlin,
MAJ, MC; W. Robert ROht, MAJ, iZ; Tatsuo
. , Hase, MD; and Pearl R. Anderson, PhD,
Description. - : s - .

The research activity in the Depar ment of Geztroenter-
ology this year was directed towarc three area s of gas-
treintestinal pathophysiology. ‘The first area continued
our multidisciplined approech of studying the pathophy-
ciology of diarrheal disease. In this area, studies ~°

were continued on intestinal transport mechﬁn*sms disac--

charidase activity, microvascular architecture ani mesen-
teric blood flow, The second area cof activity resulted’
from work done in the blood fiow 7aoora“v‘r that was es-
tablished last year. This work specifically evaluated
the role of the gut in the pathogenesLs of shock.. The
third area being pursued is a continuation of a Qtudy of
the pathogenesis of gastric stress ulceration,

In addition to the above areas of activity, one investi-
gator in this department has developed an interest in

and has beccme active in the Institute's program studying
narcctic addiction. The investigator has established a
liason position with The Districtof Columbia Narcotic
Treatment Administration and is active in toth military
and civilian populations concerned with drug abuse.

Progress and Results.

1. . Pathophysiology of Diarrheal Disease

a Intestinal Transport. Three papers dealing with
mucosal transport In diarrheal disease are currently in
press in Gastroenterology. In the first, the ilia of
Salmonella Infected rats were shown to secrete water, Na,
K, and Cl. The second paper was concersed with glucose
stimulated inte °L1nal abscrption. A perfusion solution
containing 118 mM Na‘t and 56 mM of glucose »:used maxi-
mum Jejunal snd iiial absorption in control rats, In
Salmonelia infectea rats, this solution did rot reverse
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the ilial secretior and in & like manner suggested a
jejunal defect since it failed to stimulate Na absorption .
in that segnmiert of the. gut. -This data suggests that

Salmonellosis differs from cholera ir that oral fluids

will not therapeutically rehydrate an 1ndividua1 In the
thvd study control ard_infected rats were perfused with

ither HCO% free cr HC buffered SOlUthHS The study
tes:e th2"hypethesis that the rat jejumm: possesses &
Nat/ exchange mechanism that is similar tc the one des=
cribed in the human Je1u§al micosa. The data suggest - .
that, H" secretion and Na® absorptlon are associated with
the mechanism of HCOZ absorpticn in botk control rat

JeJunum and infected ileus. ) e

“The luminsgl accumu:ation of fluid during experimental

intestinal obstructicn was studied in dogs. The secre-
tion that occurred in the obstructed gv* segment was
characterized by active HC03 transport into the lumen.
This study has- been publishéd in abstract form (1)

Unidirectional mucosal fluxes of Na' and C17 were studled
with radioisotopes in contrel and infected rats, The
data ind:cate that the net accumulation of luminal fluid
in diarrhea is due to a-defect in absorpiive mechanisms
rather than to overactivity of secretory mechanlsms

This work is being prepared for nmublication. = .

The turbidometric analysis of polyethylene glycol as
used te determine water movement in these transport
studies .s effective but 1a a complex and cumberso m?u
anslysis Studies are currently 1in progress using
labeled PEG as the ncn-absorbable water marker Early
data are encouraginz and suzgest that the radioisotope
technique will facilitate laboratory procedures.

The clinical investigation oI intestinpsal transport in
humen volunteers that started lest year is continuing.
The study is being cone in conjurction with personnel of
the Department of Infectious biSﬁlQQ, Imiversity of
Maryland Medical ochuml Several pilot studies have been
done in order to establish the definitive protscol and
the actual study of hvman diarrheal dissase 1is scheduled
for an early start. :

b  Mesenteric Blood Flow  The adrenergic mechanlsms
in the mesenteric vascular bed were studied with electro-
magnetic flowmeter teciui.ques, The effects of intra-
arterial and intravencus 1njection of adrenergic agents
on mesenteric hlcod fiow showed epinephirine, noreplneph-
2tne and phenylephrine to be vasoconstrictors while
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N isoproterenol was a vasodilator, Alpha adrencrgic block-

‘ade reversed the epinephrine and phenylephrine responses-

and beta blockade reversed the. isoproterenocl response. -

Thus, norepinephrine appears to be the oniy pure adrener- .
gic agonist in the mesentevric circuiation, This study-

was presented at tke American Physiclogical Society

Meeting (2), the catecholamine reversal Jdata abstracted

(3), an? is i precs in the American Journal of

Physiology. These data provide vase-I1ine info:metion for

a study, currently in progress, on the effects of diarrhe- - .
al disease on mesenteric blood flow. : - :

Intravenous injecticn of epinephrine.causes a large in-

‘crease in portal pr ssure .in the’dog. In a study employ-

ing catecholamine injections, differential adrenergic ’

‘blockade and splenectomy. the response was shown to be

primarily due to splenic contractiocn and seccndarily due .

a . to portal yenous constriction. This work has hteen ab- )
stracted (%) and submitted for publication.

The relationship tetween mesenteric blood. flow and in-

- . testinal motility was studied ir anesthetized dogs.
Acetylcholine, when infused into the superior mesenteric
artery, increased both motor activity and blood flow.
Methachc'!ine infusion had no effect on blood flow btut
caused ¢ significant increase n motility. The data
suggest that these parameters-are independent of each
other. This study has bheen submitted for publication.

¢. Intestinal Disaccharidase Activity. A manuscript
describing the distribution ol diséccharidases in human
fetal intestine is in press in the American Journal of
Diseases in Children. The study demonstraled that mal-
tace and sucrase levels reached adult valve by four month
of fetal development. However, lactase activity remain-
ed low beyond six months of development,

-
£
-
&

In order to test the possibiiity that fecal disaccha-
ridaseenzyme activity might be employed for screening

- mélebsorption conditions, these enzymes have been ana-
lyzed in feces and compared to enzyme activity of the
corresponding small intestinal mvcosa. The data indi-
cate that a good correlatior. exists hetweern fecal and in-
testinal enzvme activities, This study is being prepared
for publication.

613




(i

™

YR

phfiag

d. . Microvascular Architecture. A study waé publish-

~ed in wnlch the silIcone rubber Injection technique was

used toc describe the microvascular architecture of the
nonnal colonic mucosa of man and compare it to-vascular
changes seen in ulcerative colitis (5). The vaseular

‘patterns seeén support the concept of mucosal iscbemia in

ulcerative colitis. . :
e Etiology of Dl&PPGh&l Direase in Vietnam. Depart—
mental personnel conducted an etlIological analysis of
diarrheal diseace this year in Vietnam .0f the 1%0
patients studied, dppPOXLmaLely 35% were demonstrated to

- be due to ShlgeILa infection and 20-25% were due to pre-
viously undescribed strains of pathogenic E. coli. Of

those cases of diarrhea due to pat.ogenic E. coli, T5% .
were the result of infection by a toxigeniC organism and
the remainder by a tissue anas*ve, dysentery-like organ-
ism. The pathogenicity of these "hybrid" E. coli organ-
isms ig being subjected to continued investigation in
laboratory animals and ultimately clinical studies in
numan volunteers will be conducted,

2  Pathogenesis of Gastric Stress Ulcer.

A paper was published that described the rotational
device employed to quantitatively stress rats and. induce
gastric ulceration ?E). The stressed enimals that de-
veloped gastric ulcers were shown to have elevated blood
levels of catecholamines and corticosterone. Further
experimentation demonstrated these hormonal blood levels
to be sensitively dependent upon the animals' individual
experiences, such as handllng,env1ronmental noise, and
light/dark cycle. These factors render routine blood
analyses questionable and therefore current efforts are
aimed at correlating stress with urinary excretion of
*qtecholdmlnes and COPt*JUQte”JldS In order tc do these

studies, a method is being develﬂped u%ing an impllnted
aPtlfl ial bladder to collect 24 hour urine sp801meﬁs
which will then be subjected to chemical analyses, Farly
results indicate that an effecuive artificial bladder can
he made and that urine collections can be accomplished
under standardized condliilons,

Shock

Turrent concep! s describe the gut as a "target organ"
in shock. The onlogenous catecholamines released by
bypotension reputedly cause Intense coustriction of the
mesenderic vascular bed,  This event leads to ischemia,
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ultimately tissue necrosis, and the irreversible phase of
- the shock syndrome. A series of studies have been com-
pleted that question these traditional concepts.

a. Catecholamines were infused intco-the supericr
mesenteric artery of anesthetized doge. PRoth epinephrine
and norepinephrine, when infused for a ten minute period,
caused vasoconstriction that was accompanied by auto-
regulatory escape end blood flow returned toward control
within minutes. Phenylephrine and isoproterencl infusions
caused mesenteric constriction and dilatiori, respectively,
without autoregulatory-.escape. The occonrrence of auto-
regulalory escape with infusion cf the endogenous cat-
echolamines suggests that the intestinegl vasculature is
incapahle of maintaining a state of constriction and,
thus, questions the validity of the target crgan theory.
This study was presented at the American Gastroenter-

ological A33001atlon ’7) and has been submitted for pub-
lication.

b A study of tne mesenteric hemodyramic evencs

during endotoxemia in baboons has been adystracted (8)

and submitted for publication. The intravenous injection
of endotoxin, LD8;, reduvc ©'cod pressure to a third of
control W1th1n two hours. Superior mesenteric artery
blood flow and portal pressu were unchanged ovér a four
hour observation pericd and, ti3, mesenteric vascular
resistance was reduced, The obrétvaiion is opposed to
the classical canine response to endotoxin and ui.erefore
questions the vealidity of the target organ theory.

¢ A study of the mesenteric vascular responses dur-
ing hemorrhagic shock in baboons has been submitted for
publication. In this study the development of hypotension
was controlled to parallel that observed during endot-
oxemia. Mesenteric arterial blood flow fell in parallel
with blooda pressure. Vascular resistance was therefore
elevated and remained thus for the four hour observation
period  Upon reinfusion of the shed hlood, all hemo-
dynamic parameters returned to control values and all
animals survived The canine model responds to this pro-
cedure in a simliar manner, except the animal dines.not
survive :

d. The new alphe adrenergzic antaronist, WR-2827%,
was evaluated as a blocking agent in the mesenteric vas-
cular bed, The new drug did not protent the gut against
the vasoconstrictor effects of catezhoianines ae well as
pbpuovaen'JWine Wwork done 1 the Nepur ment of
Pharmmonlogy, WRAIR, has ¢hown thet Wh-73¢0% protents

615

- . o . .
. Dt 0, s s s i el i




against the lethal effects of shock better than
phenoxybenzamine, Our data then question both the site of
action of the new drug in shock protection and the valid-
1ty of the concept that the gut im involved in the patho-
genesis of irreversible shock., This work has been ab-
‘stractea (9), presented at the Federation of American
Societies of Experimental Biclogy (10), and accepted for -
publication in Proceedir<s of the Society fo Ezperimen-
tal Blology and Medicine. ] '

Several projects are currently underway to further evaluate
mesenteric involvement in the pathophysiology of shock.
These include: 1) Mesenteric vascular responses to
catecholamine injections and infusions in the baboon.

2) Hepatic and splenic artery blood flows are being
measured uring endotoxemis 1n baboons in order to deter-
mine if the other major divisions of the splanchnic vas-
cular bed respond in a manner similar to the region ser-.
ved by the superior mesenteric artery. The data indicate
that endotoxemia has no effect on hepatic artery blood

. flow but eventually lowers splenic artery flow. 3) The
effects of sub-lethal doses of endotoxin on mesenteric
catecholamine responses are being studied in both dog

and baboon. 4) The silicone rubber injection technique
is being used to assess the possibility of architectural
change accompanying endotoxemia. Initlal observations
have revealed basic differences between dog and monkey

as well as in the dog before and after endotoxin.

4. Drug Abuse,

Work in this area has centered on the following
problems: 1) c¢linical examination and ldentification of
the addict; 2) patterns of drug abuse within a popula-
tion; 3) wuse of methadone and other modalities in treat-
ing addicts; and 4) the essentials of treatment and pre-
ventive progams. A report is currently being prepared
that characterizes the addiction history and findings in

a group of patients who have all been dischav&ed from
military service within the past two years.

These clinical studies have ralsed questions concerning
the definition of addictlion -This question is being
studied under an abproved protocol entlt ed 'tevelopment
of an Tmmuncassay for Determiration of Narcotles in
Urine An effort that is in an early stage of develop-
ment s concerned with esteblishing a laporatory model of
addiction to include the phenomena  of tolerance and
physical dependence,
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Conclusions and Recommendations

Work decne on animal models of diarrheal disease suggests
that lumenal accumulation of fluid 1s a result of an
absorption defect rather than excessive secretion. This
information will be incorporated into the clinical proto-
col to evaluate mucosal trangport activity in human vol-
unteers. It is anticipated that the initial clinical
study will employ Salmonella as the pathogenic organilsm
and will be followed by a similar study of the pathogenic
strains of E. coli, The effect of diarrheal disease on
intestinal Flodd Tlow will be studied in monkeys infected
- with Salmonella and Shigella.

Several studies have been completed that question the
validity of current concepts of intestinal Involvement

in irreversible shock. Further studies will be continued
to define the role of the splanchnic vesculature in these
hypotension syndromes,
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Project 3A061102B71R RESEARCH IN BIOMEDICAL SC [ENCES
Task 02, Internal Medicine
Work Unit 088, Military Nursing

Investigators: Principal: LTC Glennadee A. Michols, ANC
Associate: LTC Rosemarie P. Mahoney, ANC

MAJ Nancy M, Christ, ANC

~_ MAJ Deloros H. Kucha, ANC

- © CPT Waltraut M. Hurd, ANC

-~

Description.

Research in Military Nursing is concerned with both direct
-and indirect patient care, and with identifying and testing
principles underlying nurcing care’. The ten areas being re-
ported are concerned with: a comparison of three methods
of diabetic tea~™“ing; an evalua:ion of two types of warming
post-operative p. tients; a content analysis of queries of
patients having ma‘or surgery; evaluation of sterile
supplies; three studies regard thermcmeter placement times
for adults' rectal temperatures, and for children's oral
and rectal temperature measurements; two studies deal with -
a secondary analysis of data gathered for adult oral and
adult rectal thermometer placement tlmes, and computer
¢unport in military psychiatry.

1. Diabetic Study.

Diabetes mellitus, a major-health problem in the U.S., ranks
as one of the leading causes of death and of blindness. Be~
cause individuals with the diagnosis of diabetes must assume
the major responsibility for their own care, it is impera-
tive that health cere personnel provide patients with infor-
mation they need for their care. This study, regarding the
teaching of adults attending diabetic clinic, has the pur-
pose of ascertaining the most effective of three methods

of health teaching. The study design included pre-testing,
presenting three methods of instruction to three designated
groups, and post-testing. The required attendance for the
three methods of instruction was: (1) one-hour didactic-
demonstration classes for three consecutive weeks and with
several instructors for the conventional method; (2) one
hour cof programmed instruction for two consecutive weeks
with one instructor; and (3) a combination of the two.
Post-testing included a test at the completion cof the in-
struction, and if patients were still available after one
month, a retention test was administered.
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2, gypothermlc Study.

°0f the patients arriving in the zerovery room from the op-
erating room daily, many are hypothermic. The contribut-
ing causes may include: decreased body metabolism from
anesthetic agents, depressed. thermoregulating mechanism,
peripheral vasodilitation, prolonged operation tlme, and
transfusion of cold bleod.. 'Prolonged hypothermia is not
a desirable state for patients to continue in, and there-
- fores) various methods of warming them hLave been used. In
this study these twn methcds of warming patients will be
used: (1) three blankets covering‘the patient and (2)
Enerson Mobile Heat Lamp. As soon 3s. the warming method
was instituted in the recovery room on each patient, both
skin and rectal temperatures were taken every five minutes
until a specified period of time aftaer normothermia was
reached.

3. Pre-operative Preparation Study.

Health care personnel traditionally provide patients with
information they think pa’ients should have. There have
been few studies dealing with asking patients themselves
what they would like to know. This study was designed

to elicit patients' queries about their surgical event
and immediate post-operative recove ry. Soldiers were in-
terviewed the evening prisr to surgery the following
morning and they were interviewed post-operatively.

4, Sterile Iterms Study.

"Sterilized" items for patient care were cultured to assess
their sterility after being sealed in plastic for four ‘
years., ,

1 5. Thermometer Placement Time Stadies.

Nursing and medical textrs do noc agree on the amount of
time req01red to measure a person's body temperature accu-
rately dy clinical thermometers. -Recommended oral ther-
mometer placement times vary from 3-5 minutes, and from -
1-5 mirutes is recommended for rectal thermometer plare-
ment. These times wer~ not derivad from systematic in-
vestlgatlons, but they have been used traditionally in
nursing prectice. Also, the amounts ©of time recommended
are usually recommended for all individuals regardless of
the variabies of age, sex, and room *emperiture, In all
of the thermometer placenaut scuule , the purpcse was to

for
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ascertain the maximum and the optimum placement times. The
following were the operational definitions: (1) maximum
temperature - the highest registration on a clinical ther-

_mometer during the testing period; (2) optimum temperature -

a temperature reading 0,.2° Fahrenheit (F) lower than the
maximum .temperature; (3) maximum placement time ~ the time
required for 90% of the subjects to register their maximum
temperatures; (4) optimum platement time - the time reagnired
for 90% of the subjects tc register their optimum temveratures.

One investigation deals with rectal thermometer placement
times for adults with rectal temperature readings of at
least 100,6° Fahrenheit (F). Fifty hpspitalized patients,
25 men and 25 women ranging in age from 18 to 65, were the
intended subjects. The procedure included taking six one-
minute readings with five seconds intervening between each
reading. Another study, alsc regarding rectal thermometer
placement times, had Pediatric Clinic patients, ranging in
age from one to six, as subjects. Forty boys and girls,

~with rectal temperature readings of 101°F or more, had

their temperatures measured if they and their parents con-
sented. - Each child had a rectal thermometer inserted for
one minute, removed five seconds for reading, and then re-
inserted. The procedure was continued until eight read-
ings were recorded. Also, fifty boys and girls, ages 7-13,
had 12 one-minute oral temperature readings if they had a
reading of at least 100°F., Two studies utilize a secondary
analysis of data; one is for data collected for 6 different
studies on adult oral thermometer placement times and the
other is for dlfferent studies on adult rectal thermometer
placement times.

6. Computer Support in Military Psychiatry.

The Computer Support in Military Fksychiatry (COMPSY) study.

is a project in Walter Reed General Hospital's Department

of Psychiatry and Neurology with full-time nurse support

from the Division of Nursing, Walter Reed Army Institute of
Research. - It is being reported under rroject No. 6215601A-=3A0

.25601A823 Task No.: 00-048.

Progress,

1. The data collection is completed on the diabetic study.
Automatic data processing equipment was utilized for the
analysis of data. Programrmed instructicn was far superior

. to the cther methods of teaching for the comprehension »f
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knowledge. The conventional teaching method was somewhat
better for the retention of subjects' knowledge. Overall,
it was concluded that programmed instruction should be
utilized much more than at present for health teaching.

2. The pilot phase of this study was recently finished.
The data collection sheet and the method for the study
were revised and data were collected for one subject in
the definitive study. However, due to the high humidity
and high ambient temperature in the recovery room during
the summer months, a sufficient sample of patients with
hypothermia are not presently available. This study is
postponed until the winter months, B

3. The pilcot phase is completed. Male subjects were in-
terviewed late in the evening prior to surgery the follow-
ing morning. These same subjects were interviewed post-
operatively after returning to the parent ward. Hopefully,
the queries patients have can be categorized into -areas

of information patients still want after they have re= .
ceived what health care personnel think they should have.
At present a content analysis of the interview data is
being done to ascertain whether or not the data collected
is suitable for categorization. It is questlonable as to
whether or not it would be profitatle to contlnue with the
definitive study. :

4. The bacteriological testing which was dcne on 27 items
showed the following results: twenty items were sterile;
seven items were not sterile when cultured. Because cf
the tyve of organisms isolated, it is felt that four items
were accidentally contaminated, but that possibly three
itemes never had been sterile.

5. Lata collection is almost completed on the adult rectal
‘thermometer placement time study. The data for the two
children's studies has been collected and analyzed. The
findings for these studies were as follows: The overall.
maximum and optimur placement times were 1l and 7 minutes
for oral thermometaers, The maximum and cptimum placement
time for rectal thermometers was 7 and 4 minutes, respec=—
tively. There were toou few subjects in each sex and room
temperature groups, in both the oral and rectal study, to
make definite statements regarding these variables sepa-
rately. Both sets of data do show, houever, that the
thermometer placement time was less in a warmer, as com-
pared to a cocl, room. The secondary analysis for asdult
oral thermometer placement times, with 390 subjects, is

o}
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completed. It requires 7 minutes for optimum oral readines
for all adults in warm rooms, and 8 and 9 minutes, respec-
tively, for men and women in cooler rooms. The secondary
analysis of adult rectal thermometer placement times, with
403 subjects, will be done as soon as the first study men-
tioned abecve is completed.
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Publications.

Gler, Beverly A.K. and Estes, Zane E. "Moist Soaks: A
Survey of Clinical Practices." Nursing Research, 19:
463-465, September/October 1970,

Estes, Zane E., "Moist Soaks: An Evaluation of Time, Temp-
erature, and Solution." Presented at the Sixth Nursin
70, PESIisEeg

?esearch Conference in San Diego, April 19/0,
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Project 3A061102B71R RESEARCH IN BIOMEDICAL SCIENCES
Task 02, Internal Medicine
Work Unit 089, Body fluid and solute and renal homeostasis

Investigators: :

Principal: LTC William J. Cirksena, MC; MAJ James H.
Knepshield, MC '

Associates: MAJ Charles B. Carter, MC; LTC Jordan J. Coher, MC;
MAJ Andrew Saladino, MC; MAJ Charles Wallas, MC;
MAJ Vincent Dennis, MGC; John A. Gagnon, Natalie
Lawson, James McNeil, Amy Lee, Martha Huddleston
and Doug Grove

Description: Studies are directed ac investigation of mechanisms

for maintaining body fluid, electrolyte and hemodynamic homecstasis or
their correction in response. to disnase, injury and environmental
stress of military significance, including shock, heat stress, infec-
tious disease, gastrointastinal disorders, and renal failure. A
variety of methods have been developed and utilized, including
externally monitored isotope techniques, isotope dilution, experi-
mental models of acute renal failure and shock, in vivo renal
micropuncture, in vitro microperfusion, membrane transport, dialysis
systems, light and electron microscopy, and ismunopathology. The
role of adaptive homeostatic mechanisme, including renal and extra-
renal mechanisms, whereby body fluid and solute baluince is achieved
and maintained in the face of stress hes been emphasized in order

to provide a rational basis and develop improved methods for pre-
vention and treatmsnt of altered fluid, electrolyte and hemodynamic
states and acute and chronic renal failure induced by these stresses.

’ Pgognu :

1. Renal Solute and Water Handling:

a. The relationship of volume expansion per se to alteraticns in
renal sodium excretion and proximal tubule sodium rejection was
studied in dogs using micropuncture methods. Volume expansion was
produced by using normsl ssline, homologous plasma or howolgous blood.
Renal perfusion pressure was kept constant 8o that only alterations in
blood hematocrit and/or plasma concentraticn in association with volume
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were studied. Results indicate that proxiral tubule sodium reabsorption
is decreased when volume expansion is associated with a decrease in
hematocrit or a decrease in hematocrit and plasma protein concentratio...
When these changes are avoided by expansion with homolgous whole blood,
no change in proximal sodium reabsorption was observed early after
infusion (1,2). A late effect of volume expansior per se, consistent
with formation and release of a circulating humoral substance affecting
late proximal tubules could not be ruled nut; current stucies will
compare early and late effects of blood expansiuu without change in
physical composition of the blood. Further studies will investigate

the effects of volume contraction without alteration in renal perfu-
sion pressure on proximal sodium resbosrption..

b. The concentrating ability related to renal morphology of wide
variety of primates was evaluated in order to determine the structural
requirements vital to formation of a comcentrated urine. Results ‘
indicate that in these specier, unlike man, a direct relationship
between concentrating ability and length of the renal medulla does not
- exist and that factors other than overall length of the louop of Henle.
must be important in the attainment of a concentrated urine in chese
animals (3). A few more species remain to be studied.

c. A study of dogs has been completed directed at defining the
mechauism(s) responsible for the pharmacologic effect of propranclol
on sodiun metabolism noted in human subjects. Findings suggest that
effects of propranolol on renal hemodynamics and sodjium excretion
are not attributable to an intrarenal effect, but are likely mediated
by effects of the drug on cardiac output and total per pheral
registance (4). ,

d. Using the fully operational techniques of perfusing isolated
segments of rabbit nephrons, the physiologic and toxic factors '
influencing the reabsorption of salt and water by the proximal tubule.
are being determined with current activity centered on the observed
- stimulation of fluid transport by cyclic 3'5'-adenos!ne wonophosphate,
a major intermediary of cellular metabolic and hormonally regulated
processes . '

2. Acute Renal Failuré:

8. Studies directed at pathogenesis and preveation of acute renal
failure in an expearimental animal model have allowed postulation of
~ certain mechanisms for ita development. Clearance and micropuncture
studies in the mathemoglobin-ferrocyanide model of acute renal failure
in the rat have yxelded cvlﬁence favcring an earlv renal. vascullr event




PN TR T AT s5 ¢ T me e

consisting of afferent arteriolar constricticn and relative efferent
arteriolar dilatation as the central alteration leading to oliguria
and azotemia. Studies using B2 microglobulin have supported such
interrretation and further suggest an sbsence of any significant
obstructive element early in the course of development of ti:e lesion.
Studies wherein lissamine green dye is injecte”’ in tubule lumina offer
strong evidence sgainst an increase in passive back diffusion.
Micropuncture studies utilizing intratubule pressure msasurements and
intravenous lissamine green dye infusion suggest the transepithelial
movement of fluid (and solute) in a direction from interstitium

toward lumen early in the course of the lesion. Such vascular

alterations and pressure relationships would explain the cousistent
finding of tubule dilatation in this lesion in-the presen