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BESEAICH AND DEVELOPMENT PROJECT CARD (NEW PROJECTSH <. SEC. RN £0..08-01

L WOURCT TITLR
Medlcal Effects of the Atomiec Bomb :::g' T30 Jun 53
€, MSIC TIELD OR SUBJECT . SO¢ Ll k
AW-6
JUrE 8 Radiology & Roentgenoclogy
§ § % COTTIN pGENCT 12. CONTRACTOR AND7OR LANORKTOR CONTRACT/V. 0. WO
The Surgeon General, DA Dr. &+ W. Oughterson {
& PIPRCTING AGENCY 158 Whitney Street MD-63 I
Nod Rox & Dev Bd New Haven, Conn,
TR, PRQUESTING 1GENCT TS RELATED PROTRCTY 17 FST. CONFL. DATES |
RES.
VL. MPTICIPATION AND/OR COORDINATION LBV |
- _TEST
dtomic Energy Commiseion 14, DATE APPROVFD o
December 1945 Fy 18 FISCAL PST'S.
18. PRIORITT D | LS
n,

FBOU [ BAWERT 4ND/OF JUSTIPICATION
Wpdical and sclentific observers mede a study of the biologic effscts of

! the stomic bombs dropped at Hiroshima and Negasski. It was deemed desirable
¢ to prepare en illustrated monograph based on the report of these observers.

WIBF OF MOJECT 16D OBJRCTIVE

e. Srisf. The objective is to prepare a monograph entitled "Medlcal Effects
1 af the Atomic Bomb.™

b. Approech. The usual procedures required 1ln producing a book have been and
sre being cerrisd out: sorting of meterial, editing, rewriting, preparing
1)1ostrations, atc,

Ce m. NOna.
d. Other Informstion. None. i
e. W. This contract is being ended as of 30 Jue
1953, menscrip e book will be turned over to the Atcmic Energy
Comxission.

f. Potwre Plans. It is contemplated that the book will be released during
the fu3T o 1953,

&+ Beferences. ¥ooe.
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1. PROJECT TITLR

I m::!"m: 6=59=08-00l

Radiation spd Thermal Brurns Jun
€. PASIC FITLD OF SURIRCT [ Y SU% FIELY OF SURJECT S
Surgery Rediology, Roentgenology & AW=5
¥, COGNIZANT AGRWCT YE. COMFICTOR IRl LANORATORY CONTRACTIV. O, NC.
The Surgeon General, In Medical College of Virginia
9. NIPECTING AGENCY Richeond, Virginis ﬁ' 95
Med Res & Dev B4 (Dr. Bverett 1. Evans)
10 REQURSTING AGEWCT TL YT mareeTs 17.FoT. COMTL. 5
RES.
11, FARTICIFATION AND/OW COCRDINATION DRV,
— TEST
14, DaTY AFPPROVED
30 April 1951 P
18, PIOR1TY e ] 16.

S5 FEQUIRFMFET END/OF JUSTIPICATION

The large mubers of casmlties expected from atanic explosions present
staggering medical prcblems. Detailed knowledge of the types and combinations
of injuries, sl practical metholds of rescue, resuscitation, and treatment,
are urgently required.

|

_PRIBF OF PYGJRCT aWD ORIRCTIVE

a. Brief. T7The objective is t0 lnvestigate, separately and in cosbination, the
radiation, traumatic, el thermal types of injuries which are expected to
result fraz atomic explosicns, sod to develop optimu end practical methods

of treatment, with special exphasis on the handiing of mass casualties.

A standard 25% 3rd-dagree burn in the dog, of constant mortality, which
was developed serves as the basis for evaluating new treatments. The fluld
loases and elsctrolyte shifts in human burns were determined and practical,
rapid methods for measuring amd carrecting these developed. A large, highly
efficient burn dressing, for major birns, vas developed and tested, end is
under consideration for adoption and standardization by the Armed Forces snd
Federeal Civil Defense Administration, in full coordination with medical pro-
curement agencies and ininstry. Smal) doges of x~irradistion heave been shom
to increase greatly the complications and mortality of thermal burne. The
complex problems of nutrition of the atomic casualty are under active study,
and the great value af highevitamin, high~caloric, protein-sparing diets and
intravenous feedings has been demcostrated; intravenous fat emulsions will be
of great value if they can be stabjilized and made pyrogen-free. The calaric
voagbardment of fabrics of standard service wniforms by atoaic explosions
(Neveda Trimls) has been determined.

b. Approsth. The calaric bambardment of febrics by atauic explosion will be
duplica in the ladboratory by searchlights; animal end humen skin will be
exposed, naked and under fabrics, to this radiation, t0 messure the severity
of buwning. The value of underclothing, reflecting and absorbing, to reduce
the burning will be peasuread. Radimtion dburns will be compared with heat burns
due 10 scalding, contacts with hot ects, ete., to discover differences or

JRDD PO 1h 1 APY 1840 2
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required revisions of treatment. The reascns for the dangerous effects of smsll
doses of short-wave radiation on gseverely burned cases will be sought, along
with possible methods of counteracting these effects. Immediate and late
destruction of red blood cells will be studied by radiosctive tracer methods,

to learn the need for and value of transfusions of red-cell suspepsiaons or
vhole blood. The effects and value of ACTE and cortisone in radiation injury
and the healing of burns, the clinical course of burned cases, the mcrtality
due to burns and radiation, and the success of skin grafting, will be investi-
gated. Nutriticpsal studies will be continued,with special esmphasis on the trace
vitemins (vitemin By,, biotin, ete.), intravenocus fat emulsions, end invert
sugar solutions, aniz the preventicn or correction of liver and kidney damage.

¢« Jubtasks. Koue.

d. Other Informstion. Rone.

e- Background and/or Progresg. Earlier, Evans reported that dextran of
Swedish, British, and South African origin wes the plasma expander used for
burn shock in severely burned patlents; no untoward reactions were seen during
or after administration of these types of dextran. It appeared that the stress
reaction following burn injuwry somehow reducss the anaphylactic response to
dextran. Dextran seemed to be ag affective as plasms in the mensgement of
burn shock In most patienis, but it was inadequate for those who required
vhole blood.

Extensive studles in the laboratory end in the field cn combined thermal
and irradiation injury in dogs due to stamic bomb explosions indicated that
mortality is higher where there is a combinaticn of themms)] and ionizing radia-
tion. The increage in mortslity occurs in the sublethal dosage ranges of
puclear radiation.

Flash~burn studies of 43 white medical-atudent volunteers have glven exact
information on the thermal intensiiy, spectral distribution, temperature of
skin, and exposure time {reciprocityi required to induce a deep 2nd-degree :
burn in white humeans. With the "bomd shutter"” designs it is possible to pro- i
duce any type of thermal pplse (intensity vs. time) within certain limits. '

In 84 dogs given the standard 20% flash burn and 100r external-body redis-
tion the mortality was 35%, as compared with 75% with a 20% contact burn and
100r. There wap excellent correlation beiween blood~stresm infection and
mortality.

The influence of minor amounts of external-body irradiation on other
agpects of trauma associeted with atomlic bombing is being evaluated. Pre-
liminary studieg include a standard small-bowel resection in the dog follow-
ing 100r radiation; later this will be increased to 200r. Similar experiments
involve atandard hemorrhagic shock plus 100 and 200r radiation as well as the
influence of 100 and 200r external redistion on the splenectomized dog.

Red-cell volumes with T-182Y4 and P32 have been completed on 23 severely
burned patients; the available data confirm the need for whole blood early
after burning injury. At least 25 additional patients will be studied to

canplete the series.
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Data cbtained in the lsst 2 yesrs on the bacteriologic flora of 107 burn
patients treated mainly with amrecmycin axd chlorcmycetin, either systemically
or locally, are being amalysed] but there is reason to believe that local
therapy has been effective an smreomycin-sensitive strains of streptococed,
coliforms, and cosgulsse-nagative staphylococcli. Since there is still giffi-
culty, hovever, with cosgulase-positive staphylococci and pseuvdomonae, the
study will be continued by the loosl uee, either zlone or as mixtures, of
necmycin, polymyxin, anl bWacitrecis.

It appears that the sdministretion of growth hormone, 100 to 200 mg.
deily for 1 to 20 dxys followimg bureing injury, to 9 severely burned patients
and 1 normal cootrol censed an improvement of mortality. The most striking
finding has been the apperest reduction in blood levels of nonprotein nitrogen
and urea nitrogen with incressingly large excretion of nitrogen in the uripe.
Future work will dstermine wbriher this boracne therapy doeg alter the stress
resction in severe burns.

One severely oned patisct wes treated by artificisl hibernation accord-
ing to the techmiques of Laborit and Buegernard. Combining genglioplegic
drugs and external cold in this pstient's treatment csused a reduction in
hyperthermia from 106 to 88°P F. The patient lived 5 days and maintained a
fairly pormal bdlood-mitrogen-urex belance. Further work will be done.

The use of N5-giycipe in vivo irdicated that the anemia in the 10-day
post-burn period 1s due primarily to the inadequate hemoglobin synthesis.
Cells once forwmed appear 1o beve a pcypal life span, in both the burmed dog
and men. It is possible to take the pevly formed cells of a normal man,
transfuse them igto another san, and follow the course of their degra-
dation in the K*’/ hegin and stercobilin analysis. The large amounts of
Nl ~tagged cells required for this experiment in adults make it desirable to
adept the technique to children.

Dr. Levenson's group, in callsborstion vith the Army Medical Service
Graduate School, contipues work on the determination of the most adequate
levels of nutrition reguired Yy the severely burned patient, with emphasis
now op the use of iptrevenous st emulsions.

f. Future Plans. See Evane' detalled report, herein.

g. References. Progress report of investigator.
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Project No. 6-59-08-0k NOT FPOR PUBLICATION
Contract No. MD-99 Report Date 30 June 1953

Radiation and Thermal Burns

Dr. Everett I. Evans
Medical College Hespital
Richmond, Virginisa

BRIEF. This prolect was designed to investigate, separately and in
combination, the radiation, traumstlc, &nd thermal types of injuries expected
to result from atomic explosions, and to develcop optimum and practical methods
of treatment with emphasis on handling mass cagualiies.

PROGRESS.
Bi sicg

' Regearch. 1. Flash-Burn Studies on Human Volunteers. Flagh~burn
studies of 53 vhite medical-student volunteers have given exmsct information
concerning the thermal I1ntensity, spectral distribution, temperature of skin,
and exposure time (reciprocity} required o induce a deep 2nd-degree burn in
white humans. The "bamb ghutter" designs in this laboratory have made it
possible to produce any type of thermal pulse (intensity versus time} within
certain limits.

2. Blostatistical Apalyges of Thermal Injury in Man. The Biophysics

Group is cooperating effectively with the clinical group in analyzing burn
1 date on 570 patients from this clinic. Other groups' criteris for selecting
burn patients for statistical analyses and their conclusions have not been
accepted here as satisfactory. It is belleved that Bull's analysis in
England is the beat so far done; an attempt is being mede to do the pame
type of snalyels on the data here, but it ie a very great task if done
cerefully.

Instrument Development and Design. During the coming year considerable
time will be devoted to the develaopment of a Beams type of wltracentrifuge,
capable of resolving s molecular weight distribution as low as sucrose.

Thie will open up an entire new field of investigation in the low-molecular-
weight and polypeptide range. It is planned to use this centrifuge in con-
Junction with ion-exchange column and paper chromatographic analysis of
plagma ultrafiltrates from normal and bwned patients. 8ince.it is planned
in particular to examine the unresolved nitrogen fraction collected by ion-
exchange-column techniques, the Biophysica Group is deasigning snd construct-
ing 2 electronic counting mechaniems for the accurate regulation of nitrogen
collection in these columns. Congtant~temperature water baths apd 2-
dimensional multiple paper chromatograph baths will be constructed for this
» work.
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Pecause of the interest here in the red-cell problem in severe burns,
work is being done to givelop end sdapt the Q-gas counter and the scintilla-
tion counter to Chrome’" nsssy.

Experimental Surgery

- BN I - I

The primary concern has been studies of flagh and contact-bwrn injury
in the dog, associated with or without external-body radiation. In 8% dogs
given the standard 20% flash burn and 100r external-body radiatiop the
mortality was 35%, as compared with 75% with a 20% contact burn and 100r. P
There waa excellent correlation between blood-stream infection and mortality.

Theae studlies will be completed in the coming year.

o]

An attempt is being made to evaluate the influence of minor amounts of
external-body irrediation om other sepects of traums associsted with atomic
bombing. Preliminary atudies include a standard smell-bowel resection in
the deg following 100r radiastion; later these will be extended to 200r.
Similar experiments are in progress ipvolving standard hemorrhagie shock
plus 100 and 200r radietion as well ag the influence of 100 and 200r external
radiation in the splenectomized dog. In all thege studies careful and com-
plete clinical, bematologic, amd bactericlogic cbeservetions sre done on the
experimental animal.

Clinical Purn Investigations

T BNk O ok My

A large part of the efforts of the clinical staff is to provide mors
or less standard burn therspy to burn patients go that all the cliniecal
studies made will have a more secure gclentific basis.

Red-Blood-Cell Volumee in Acute Burng. Red-cell volumee with T-182%
and P32 have been completed on 23 severely burned patients. Since it is
believed to be mandatory thet thie series be incressed to include at least
25 more severely burned patients, these willl be studied in the coming year
to complgie the series. Now teing developed for thege studieg are the
Chromium”" and P32 technigues. The available data on the 23 human burns so far
studied serve to confirm the investigators' concept of the need for whole
blood early after burning injury.

L LN T R

Studies planned for the coming year include tegging donors' a.nd/or
burn patients' red-blood cells with Chremium’l and determining their life
span after infusion into the burn patient, according to the method of Finch
and othera. These obgervatione are needed for better understanding of the b
hemaetologic phase of snermis that follows burning injury. P
'y
Burn Wound Infection v
f

In 1952 and 1953 careful studies were made on the bhacteriologic flors 4l
of 107 burn patients treated meinly with sureamycin and chloromycetin used a
either systemically or locelly. These data are being analyzed, but there 8
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is some resson to believe that local therapy has been guite effective on
aureomycin-senaitive straine of streptococei, coliforms, and coagulage-
negative staphylococci. Nevertheless, the investigators, as well as others,
continue to have difficulty with coagulase-positive staphylococci and
reeudomonsaa. It is hoped to continue thls study and employ locrlly either
alone or ae mixtures neomycin, polymyxin, and bacitracin.

It 1s as yet too early to make any statements about the effectiveness
of the modified Colebrook dressing station in reducing cross~infection in
severe burns.

Stresg Resction in Severe Burns

Growth Hormone. Kine peverely burned petiente and 1 normsl control
heve been given growth hormone, 100 to 200 mg. daily, for 1 to 20 days
following burning injury. There is reason to suspect that there is an
improvement of mortality with this therapy, but the series hsg been as yat
too amall to warrant 2 definite opinion. The most striking finding has
been the apperent reduction in blood levels of nonprotein nitrogen and urea
nitrogen with inceremaingly large excretion of nitrogen in the urine. RNow
that much more highly purified growth hormone is available it ia desired to
treat e larger series of severely burned patients (above 504 axtent or over
50 years of age)} to learn more definitely whether this hormone therapy does
alter the stress resction in severe bturns. Excellent cooperation is being

maintained with Dr. Levepaon and hias group on the nutriticnal aspects of
this study.

Artificial Hibernation. Most of the foreign literature on this sub-
Ject has been translated. One severely burned patient has deen treated by
artificial hibernation according to the techniques of Laborit and Huegennard.
The combination of ganglioplegic drugs and externsal cold 1n the treatment of
this patient made it posgible to reduce hyperthermia from 106 to 88° F.
The patient lived 5 days and meintained a fairly normal blood-nitrogen-urea
balance. The French work, especially that of Monsangeon, is convineling
enough to warrant serious trial of this procedure in the geverely burned

patient. Theme situdies will be followed carefully by adequate biochemical
determinations.

Anemias in Severe Burns

§tudy of the snemia of thermal burns by the use of Nl'-glycine in vivo
has indicated that the apemia in the 10-day post~burn period is due
primarily to the inedequate hemoglobin synthesis. Cells once formed appear
to have a normal 1life span, in both the durned dog and man. An N1S-tegged
traenefusion experiment has shown that 1t is possible tco take the newly
formed cells of a normal man, transfuse them into another normal man, and
follow the course of their degrsdmtion in the N1J hemin and N15 stercobilin
analysis. Since this experiment is Aifficulf{ to carry out In the burned
adult man because of the large smounts of le-tagged cells required, a
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serious effort has been made to utilize emall smounts of blood for hemin
isolation so that the burned child can te used in this type of study. Tag-
ging of red cells has got been studied in children by the N15 technique;. in
the coming year the N'2 uptake end 1ife span of the red cell in the child
will be atudied after oral administretiom of le-glycine and after thermal
injury. After this is done, the survival and disintegration of le—tagged
cells transfused into pormal and burned children will be investigated.

French and Belgian work has Indicated that the porphyrin metsbolism of
the red cell can be studled by ip-vitro incubation with glycine. It is
planned to study in a preliminsary mammer the in-viiro protoporphyrin forma-
tion during gzlycine incubation in blood from normal and burred individuals.

Rutrition of the Purned Patient

This project contipves to be carried out in colleboration with the Army
Medical Service Gresduate School, WFAMC, under the locsl direction of Dr.
Levenson. The main objective of this work continues to Te the determination
of the most adequate levels of nmutrition required by the severely burned
patient. Emphasis i the coming year will be on intravenous fat emulsions
in burn patients rov that they are zvailable. Dr. Evans belleveg that this
is one of the most fruitful aspects of his entire burn program.

FUTURE. 1In addition to comtirusticon of studies as indicated above,
the fellowing are plammed in compection with flash-burn studies:

Investigation In 20 Kegro college volunteers of the energy required to
produce fleeh burns slmilar to those found in the white person. Equipment
1 available to measure skin reflectance in both these groups; this will be
done so that the heat rejuired teo produce s given depth of flash Lurn cen
be ascertained definitely.

If time and personpel permit, investigation of skin temperatures under
several agpects of flash burning, the measurements being made at various
depths by means of mipute thermoresistors.

Investigation in bumans of the relationship of the burn lesion to
contact clothing. Ipterest hers will be not in testing protective features
of various fabrics, but learning vhether this "contact burn" differs
epsentially from the "flagh burn.”
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$0. REQUIRPMENT AND/OR JUSTIFICATION

The atomic bomb, as a military source of ionizing rediation, requires that
practical prophylactic and therapsutic measures bs developed to minimize the
number of casualtles which mey result from its use. In addition, meximum uase
must be made of the baneficial features of ionizing radiation as applied to
military medicine.

. ARIBY OF PROJECT AND OBJECTIVE

8. Brief. The objective of this project is to study the basic mechanlsm
involved in damage to living tissue rssulting from ionizing radiation and to
determine the prophylexls and treatment of radiation injury. Since lonizing
rediation can be used as g therspeutic or diagnostic agent relative to certain
diseages which affect the body, study will be made of the advantageous applica-
tion of these radiations. Likewise, ionizing radiation will be studied to
investigate its use in therspy and in tracer and disgnostic studles.

b. Approsch.

(1) Bigologic Effects of Radimtion. Previous studies have sstablished that
radiation damage of tissue results from energy changes in the cell or its
immediate environment. Hecent observations suggest that the mechanism involved
may include changes in the moleculsr composition of nuclear and eytoplasmic
constituents, modification in the permeability of the cellular membrane, distur-
bance of endocrine function, interference with enzymatic action, and formation
of toxic radicals suweh as peroxides, dus to the irradiation of water within
cells. Microscopically observed cellular changes after irradiation include
chromatin clumping or chromosome breaks, abnormal cellular division and mitosis,
changey in cytoplasmic granularity, abnormel staining resctions, and gross
cellular changes including swelling and cytolysis. It has been noted that change
in tempersture, oxygen tension, acidity, end alterations in the osmotic balance
of the cellular environment affect the radicsensitivity of certain tissues and
biclogic systems.

It 1s planned to obtain more accurstis informstion regarding:
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(2) The basic mechanism of rediation injury.

(b) HMaxioum single and repeated doses of radiation which may be
tolerated with rsasonable safety, correlated with physioclogic and clinical

aeffacta.

(¢) Hazardous doses which muy cause some temporary or permansnt
damage, incliding some casualties and pessibly some deaths, but which ars accept-

able as military risks.

(@) Cesualty-producing doses which should lsad to evacuation from
contaminated areas whenevsr possible,

{e)} Toxicity of inhaled and ingested radiomctive materials.

{t) Bffects of irradistion as modified by other complications such
as thermal radiation, war wounds, infectlous agents, and individual and group

susceptlbility,

(g} Extent and nature of injury by lonizing radiation from electro-
magnetic radiations of different wave lengths mnd ensrgies and from different

corpuscular radiastions of warylng emergles,

(2) Prophvlaxis and Treatgent of Rgdiation. Efforts are being intensified

to identify a biologic factor which will promote recovery from radiation injury.
It has been sstablished that anoxias prior to irradiatlon and maintained during
the irradietion period increasss the survival rate. It has been foumd that
compounds such as para-sminopropicphenone (PAPP) methemoglobinemia is effective
by producing a dscreass in tissue oxygen. Iikewise, such compounds as pltressin,
epinephrine, and serotonin by vasoconstrictor ection and resultent enoxis provide
protection. Many sulfhydryl compounds such as oysteine, glutathione, and BAL
have bsen found to increase the survival rate. Partial-body-shielding hes ala=o
been effective. In particular, significant increase in the survivel rate in
animals has been obtained by shielding the gpleen, abdomen, sdrenals, extremities,
liver, lungs, and heed. A practicsl military application of these findings has

not been accomplished.

Post-irradiation, it has been found that antibiotics of various types
sdministered to diffsrsnt expsrimentsl animsls increass both the survival time
and rate. Transplantation of the splesn has increased survival. Cross-
circulation in doge and parabiosis in rats asccomplished after irrediatlon appear

to influence radiation injury favorably. Intraperitoneal injections of bone-
marrow homogenates show great promise of significantly inoreasing the survival

rete.

It is planned to:

(a) Detsrmine the biologic factors which promote recovery from radie-
tion injury.

() Identify those chemotherapeutic agenta which will protect against

or minimize radiation injury.
10
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(c) Evaluate regimes of treatment best suited to meet military
requirementsa.

(3) Utilization of Toni Radistion in Ther d in Tree
Diagnogtic Studies. Radiolsotopes are now being employed to supplement and
occasionally replace x-ray and radium in the treatment of cancer and allied

diseases. They mey be used externally or internslly. Studies will be made of
the therapeutic vslue and diagnostic possibilities of different radioisotopes
and sources of lonlzing radiation.

Because of the extreme sensitlvity of detectlon and the unique specifi-
city of radioisotopes as "tags" they are of tremendous value in identifying
certain types of cells. They permit the study of countless processes going on
in the body which otherwise would be obscure. Radiolsotopes will be used to
invegtigate these fundamental processes and thereby assist in the solution of
complex resesrch problems,

Cs Subbﬂgk .
(1) Army Medical Servige Graduste School

{a) To study the value of prophylactic and chemotherapeutic agents
and various protective measures which will alter or minimize injury and mortality
from whole-body or pertlal-body irradiation.

(b) To study the utilization of radioisotopes in tracer and diagnostis
procedures.

(2) Army Medicel Regsarch Laborat
(e) Effects of Tonizing Radiation. To study the early effects of x-

irradiation damage at the cellular lsvel by means of various histochemical and
biochemical techniques.

(b) Effect of Irradiation on Single Cell Organisms. To study uni-
cellular organisms in order to obtain an uncomplicated picture of cell damage
and possible sdaptation to irreadiation and other stresses.

{(3) University of Chicago = Dr. J. Garrott Allen

To study injuries incident to lrrsdiation, the physiologic and biologic
offects following irradiation, and the development of therapsutic methods to
combat irradiation injuries.

\4) Thiversity of Tennsssee = It. Colons]l Rernard F. Trum

To conduet & survey of the toxicity of flesh snd edible organs of
animals which have received a fatal external dose of ionizing gamma radiation.

(5) National Academy of Sciemceg - Dr. Webb Haymaker

1n
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To conduct a pathologle study of the central nervous system of
irradlated mens and experimental animals.

(6) Ohlo State University Resesrch Poundation - Dr. Mllton A. Lessler a

To gtudy the effects of low-level radistion on the nweleus, cytoplasm,
and metabolism of nucleeted erythrocytes.

(7) Iniversity of Pennsylvania - Dr. E. P. Pendergrass u

To study the blologic effects of atomic irradiatlion in man and enimals;
and to investigate methods of action of radlation on memmalisn tissues, with
particular reference to protection from the dameging effects of atomic irradiatiom.

d
(8) Cedars of lebancn Hospitsl - Dr. Peter F. Salisbury
To determine the effect of cross-transfusion between normal animals qu(
and anlmsls exposed to lethal doses of irrediatlon. g
a
(9) payler University - Drs. Vingent P. Collina & R. Kennsth Ioeffler .
To study the effects of total-and partisl-body redistion on iron
metabolism and hematopoliesis. t
ti
(10) Baylor Univerpity - Col. John A. Isherwood & Dr. Vincent P. Gollins &
al
To develop and evealuaste a radioactive lsotope gamma rey therapy i;
machlne for deep, short-wave radiation therapy.
d. Other Information. Kone. ‘ £
P
e. Background and/or Progress. The Army Medical Research Laboratory found
that pre~irradiation intraperitoneal injections of serotonin in rats resulted
in & survivel rate of 97%. Pretrestment with para-amincpropiophencne and a
sodium nitrite, which produce high methemoglobin levels, increased the survival t
rate. The protective effect of serotonin is assumed to result from the vaso- g
constrictor property of this ageot causing a transient tigsue anoxia. In the i
cage of the compounds producing methemoglcbinemia the protection appears to )
be caused by a decreased supply of oxygen to the tissues which renders them n
apoxic. The findings on the protective action of serotonin and para- ct
aminopropiophenone against radiation seem to substantiate the concept of a a
relationship between tissue oxygen tension and radlosensitivity.
it was also reported that intraperitoneal injections of whole baby rat ‘ w
spleen homogenates and vhole baby mouse homogenstes showed some protection £
from irradiation. t)
of
Cysteins wae ehown to influence the early effects of X-rays on nucleic x-

acid metaboliem in the intestinal nmucosa.
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Ferritin given before and/or after irradiation tended to hasten death.

In experiments with triphenyl tetirazolium ehloride, investigation of
! different organa and oxygen-conaumption measurements showed some specific
influences on enzyme activity. The total oxygen consumption of treated mice
j fell 11 hours after administration.
|
| Experiments with glucose showed that it bas a definite beneficlal action
' when given in proper smounte before and after irradiation.
|
! Experiments in mice showed that animals receiving 10% nonlethal burns

either immediately before or immediately after 720 r total-body x-irradiation
died gooner than those receiving irradiation slone.

Studies of early irradiation effects on the cellulsr level showed that
under chosen conditions x-reys produce abpnormal mitotic figures in the rat
cornea. The influence of cysteine, glutathione, and cysteine-amine on the
doge-eftect correintion in plant and mamalian tisspue is menifested in &

! decrease in the number of mitotic figures when the substances are given prior
to irradistion.

From studles reported in Merch it was concluded that profound chenges in
the oxidative and assimilatory ebility of E. coli B are incapsble of modifying
the sensitivity of this organism to x-irradiation. It was concluded also that
this organism does not form succinate as an intermediate in the oxidation of
acetate, Neither a di- nor a tri-carboxylic acid cycle appears t¢ function
in this organiem as a major pathway for acetate oxidation.

! The initial stimulus of ccbalt on the hemopoietic system of mice, rather
than true cobalt polycythemia, probably is the mechenlism responsible for the
protective effect.

In gtudies of the effect of irradistion on single-cell organisms an
attempt was made to modify the resistance of an orgsnism to ionizing irradia-
tion by modifying the phenotype while maintaining an essentially constant
genome. Such investigations were performed at the cellular level using the
irradintion-sensitive Escherichia coll B. This becterium was grown on a
variety of media, giving rise to organisms uniformly resistant to x-irradiation
but differing quantitatively in enzyme content. It was concluded that marked
changes in phenotype induced by adaptation techniques did not appreciably
alter the sensitivity of this organism to x-irradistlion.

Respiration is accompanied by a partisl assimilation of the substrate
undergoing oxidation. The substance 2, Lh-@initrophenocl may stimulate oxida-
tion while inhibiting or totally preventing ansbolism of substrate. Under
the conditions of these studies neither substrate assimilation nor stimulation
of oxidation appreciably influences the susceptibility of this organiem to

' x~irradiation.

An aseay of the enzymic phenotype of this organism necessitated a
comparison of oxidative activities on several substrates after growih on 2

13
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mumber of different medim. These comparigons were made in the presence and
absence of dinitrophenol. Toe data obtained suggested the existence of a
mechanism for acetate oxidation vhich involves neither a di- nor a tri-
carboxylic acid cycle.

At the Army Medicel Service Graduste School, WRAMC, it wass shown that
dogs recelving aureomycin had a lower mortelity rate than untreated animals.
Prepubertal orchiectomy was markedly protective to mice i1rradiated during
the pubertal or postpubertal period. The mortallty rate following irradiation
of puberally castrated mice vas regtored to that of intact males by the
edministration of testosterone. The implantetion of testosterone pellets in
immature mice showed no effect of the hormone on irradiation mortality.
Evidence of precocious puberty in testosterone-irested mice was egquivoeal.

Studiee on growvth hormone showed it to have no effect on the irradiation
mortality of postpubertal mice.

In field trials in Nevadm, thin wall chambers for a study of bete/gama
dose ratio on surfaces contaminated with figsion products functioned success-
fully.

The relative effectiveness of thermal-column radiation on transplentable
mice tumore wag determined.

A technique for producing a standard wound in the abdominal wall of mice
wvas developed; it consists essentially of rupturing the wound by means of an
intra-sbdominal balloom compected to a manometer. A pilot geries of animals
receiving 500 r vhole-body x-ray {approximately LDgo) immediately prior to
wounding showed no significant difference in the normel healing curve from
unirradiated controls.

Spleen and bone-marrov bomogenates were administered intravenously end
intraperitoneally to mice before and after wvhole-body irradiation. Either
material wvas weakly effective in increasing survival of the irradiated mice
if given intravenously after irradiation, but only spleens from pewborn mice
gave ptriking improvements in survival. The effect could be decreased or
destroyed by delay in sdminigtration of the material, fractionated doses, or
previous irradiation of the donor mice. The ages of both the donor and
recipient appeared to be important factors. A eeriee of irradiated splenec-
tomized mice of various known ages showed little difference in mortality from
nen-splenectomized controls, denying any large role of the unshielded spleen
in the recovery of irrsdisted animals.

Allen's (MD-93) work for the past 5 years on irrediation injury in dogs
has led to the following conclusions: 1. Animals die of hemorrhage but its
partial control by platelet transfusions does pot elter the survival rate in
the 450 r total-body exposure. 2. Neutropenis, which is profound in these
animals, offers no means of distinguishing those animals that will survive
from those that will die. 3. The 450 r animal is susceptible to infection
but its partial control by antibiotics does not offer any great prospect of

14

e PR o . -

Washington National Record Center
Office of the Army Surgeon General
Record Group 112
Accession #: V57 =200 i)
Box #: Semer A
File: ft3~‘ Pl L Kos 7(\-[.:"' ﬁ’;l’)'ﬂ«f_ { {} 4 )5
< Fleoss (rly /s .

;31-‘ 'B]’t UL t(_'ltsj




increasing survival rate, although there is a slight increase in survival
time. L. The 450 r dog develops & moderate to marked anemis; its preventionm
by frequent transfusions of freehly drawn citrated whole blood does not
i increase survival rate or time and dcea not lessen hemorrhagic tendency.
5. The combination of frequent transfusions of whole blood and of the
administration of aureomycin, twice daily, enabled 3 of 20 dogs to spurvive
' k50 r total-body x-ray exposure; no controls in this laboratory have ever
survived thie exposure. 6. It is believed that head shielding in the dog
’ offers the most effective means yet devised to reduce mortality, hasten
recovery, and reduce hemorrhage, infection, and spemia of this species.
| Further studies are being made in order to determine what factor or factora
are concerned in this phenomenon.

; Collins and Loeffler {MD-428) report that the use of total-body irradia-
tion In the range of 50 to 150 r (250 KVP) for therapeutic purposes on
gseveral patients shows again that in this dosage it 1s safe and clinically
useful.

' Baymeker (MD-289) reports observations on 12 monkey brains from Los
Alamos. After receiving 1,000 teo 30,000 r total-body radiation, these
animalg survived for about 3% hours to 10 days. The neuropathologlic changes
varied with the irradiation dosage and the duration of life. In every case
the nuclei of endothelial cells of blood vegsels of all calibers displayed
morphologic evidence of damage. Conspicuous changes in the meninges in
cases of relatively brief duration included acute arteritis, phlebitia, and
inflammatory cell and plasma exudation into the arachnold meshes; in the
animal receiving 30,000 r the cellular exudation smounted to acute neutro-
philic meningitis. Endothelial cell changes and acute phlebitis, etc., in
the CNS elso were prominent, even in the animal which survived only 3% hours
(5,000 r). The choroid plexuses shared in the exudative process in all
cases. Cells of the epsndymal layer suffered in some cases, occaslionally
severely.

Cranule cells of the cerebellum were peculiarly sensitive to irrsdistion,
and there is evidence thaet the nuclear change in sgme cells is irreversible.
Many oligodendroglia slso were affected, as manifested by the positive PAS
nuclear reaction and other nuclear changes. A question is raised as to the
role of oligodendroglial damage in the production of the demyelination
pasgoclated with the axis cylinder necrosis. Beta cells of the anterior
hypophysis were selectively demaged to & remarkable degree, if nuclear
pyknosis can be considered as evidence of damage, while alpha cells in some
cases displayed a peculiar enlargement. The supra-optlco-hypophysial system
weg drained dry of its secretory materisl as tlme went on.

Nerve celle of the CNS {excepting granule cells of the cerebellum) were
largely spared, although the nuclei of Betz cells in some animals showed
evidence of gselective severe damage. The nuclel of same nerve cells were
PAS-positive. The study of Purkinje's cells is not yet complete.

Lipemla seemed to have increased in the group as & whole.
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Multiple foci of periceplliery leukocytic infiltratlions were found in
the cerebral vhite matter of morkeys surviving 3 to 5 days, and mumerous
necrotized areas in the vhite matter of 1 animal which survived 5 days. In
some ways the necrotized lesions resembled those of multiple sclerosis.

Haymaker is continuing work on human bralns expoged to the atomic
bomb in Japan, and on mouse, dog, and burro brains from Osk Ridge.

leggler (MD-293) reports that rabbit bone-merrow suspensions x-irradiated
with 100 r showed higher levels of oxygen consumption than unirradiated sus-
pensions. Changes in nuclear reactivity vhich were cbserved in Ranm, Necturus,
and Amphiuma immedietely following 100 r x-irradiation were still observahle
after 2k houre of cold stormge. Irradiated erythrocyte guspensions showed a
large number of irregularlyv shaped cells, demsged nucleil, and scme hemolysis.
Immediately following 100 r x-irradiation the erythrocytes showed increased
nuclear volumes with po changes in cell volume, but after 24 and 48 hours of
¢0ld storage both cell and nuclear volumes tended to decreases.

Pendergrass {MD-191) reported in Msrch that he had confirmed in Wistar
rats the cbservation of Lorenz that intravenous injections of bone marrow
after exposure to wvhole-body x-radlation produce a significant reduction in
mortality in mice and guinea nigs. Studleg of the mechanism whereby marrow
exerta iteg protective effect and of the Jate of the injected marrow were
inconclusive.

Since it 1s well known thet the principal defect in the coagulstion
mechanism produced by wvhole-body {rradiation is due to thrombocytopenia, and
the bleeding tendency produced by vhole-body irradistion can be corrected
temporarily by platelet transfusions, vork wes being done to laolate,
characterize, apd purify the factor(s) in platelets responsible for their
function in the coagulation proceee, and to determine vhether injection of
such factor(s) might correct the defect. Other work suggested that a heat-
gtable factor similar itop, or the same as, the platelet factor is present in
the brain. A major portion of the work has been an attempt to isolate and
purlfy this factor. The material available, which would correct the clotting
defect in thrombotytopenic blocd in vitro, was ready for injection into
animals made thrombocytopenlc by x-irradistion. Although other workers had
reported that there are po platelets in chicken blood, Pendergrasss et al.
demonstrated that platelets (200,000 to 2’(5,000/cu. mm.)] are present in the
blood of Leghorn roosters.

Follow-up studies of volunteers irradiated 8 to 10 years ago were
continuing. The materisl removed wus being studied and reviewed; it repre-
sents a very sizable amount of material for documenting the lete changes
produced by known doses of radiation.

Salisb (MD-253) studied 1 control series and 1 experimental series.
The 26 control dogs vere given 1 dose of 450 r total-body irradiation but
were otherwige untreated; 6 animals survived (22% survival). In the experi-
mentsl peries 73 doge received the game treatment as the controls but were
treated also by means of cross transfusion with & normal donor dog; 13

16
W

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: /457 -2 (Do)
Box #: e A . . |
File: /2cucatics ﬂh'?“"* Mrove Mol 1952~ 3 e 165 3




gurvived (57% survival), The difference between the control group apnd the
cross-transfused group would seem to be statistically significant.

It is worthy of note that cross transfusion was performed by a method
which differed from those used eerlier, in that the blood transferred between
N the 2 enimals was deliberately traumatized. It is postulated that the factor
which causes protection ageinst lonlzing radiation 1s confined in certain
! blood cells, which must be injured in order to permit 1iberation of the
substance into the ligquid phase.

f. Future Plans. Work mentioned in the report of the Army Medical Research
Laboratory will continue. Microequipment will be developed to measure the
effects of irradiation on the respiratory activiiy of small mubers of cells.
Experiments in microsurgery will continue, with the goal of studying irradia-
tion effects on single cells under varying conditions. HNaturally colored
: tissues and normsl tissues treated with TTC will be used to study the effects
of high energy heavy particles. E. coli, strain B, mutates with a definite
frequency to sn irradiation-resistant gtrain B/r. The comparative physiology
of thegse organisms will be studied so that the significance of this mutation
‘ can be described phyaically and blochemically. At AMSGS, WRAMC, statlistical
data will be gathered for m comparison of the ipotopic acid and modified
Barker methods of determining bound protein. Data on time vs. tensile
strength in additicnal animals wounded after whole-body irradiation will be
compared with those for controls. Soon to be completed are obpervatioms on
splenectomized mice, and final reports on beta-gamma dose ratio,on surfaces
contaminated with fission products and on the relative bilologic effectiiveness
of 4 Mev gamma reys. When the outcome of current studies is known, Allen
will irradiate, with and without shielding, the head-shieldsd dog which hes
been hypophyeectomized, and will make marrow studies similar to those described
in his report. An attempt will be made to exteriorize surgically the uteri
of pregnant dogs, shielding only the uteri and the fetuses t¢ determine
vhether these prenatal animals can produce a factor that will protect the
enimal when parte of his own marrow or reticuleoendothelial system are shielded.
Colling end Loeffler will establish the effects of 250-KVP irrsdiation on
symptomatology, peripheral blood counts, and iron metabolism. This pame
information will be obtained for 25 and 50 r in patients with benign condi-
tions and normal hematopoletic systems. Studies already begun will continue
until a supervoltage unit is installed. Haymaker will study the sections of
human braing thus far prepared In order to write a detailed description of
each case for submission to the Japanese collaborators. Sections of mouse
breins will be studied in greater detail apnd a report submitted to the Oak
Ridge Nationel Laboratory. Representative sections of burro and dog brains
will continue to be prepared, and a systematic study of them begun soom.
Lesgler will meke oxygen-consumption studies of rabbit bone-marrow suspensions
subjected to x-irradiation below 100 r. Jovestigations of adequate techniques
for metabolic studies of amphibian erythrocytes will be pursued further. An
apparatus will be constructed and calibrated so that cell suspensiong can be
exposed to gradeé levels of beta radiation. Rana and Amphiuma erythrocytes
3 will be exposed to levels of radistion below 100 r apd subjected to further
eytochemical and cytophysiologic studies. The range of the microscope-
spectrophotometer will be extended into the ultraviolet. Salisbury's
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experimente are designed to find the cell type which is the carrier of the
protective substance he describes. If such & substance is obtained an
attempt will be made to characterize it by dialysis, differential centri-
fugation, ete. After destalled examination of the pathologic materiel of the
preceding series a final report wvill be prepared,

g- References. Army Medical Pegearch Laboratory. “Further Investigations
into the Modification of Rediation Sensitivity Afforded by Cobalt,™ AMRL
Report No. 11k, 10 April 1553.

"gtudies of X-Fay Induced Mitotic Averrations,” J. Tenn. Acad. Sci.,
28:186, 1953. - T

"Study of the X-Irrsdistion Protection Afforded by Cobalt," Science,
117:155~156, Feb. 1953.

Progrees reporte of investigetors, !
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Project No. 6-59-08-14 HOT FOR PUBLICATION
Repart Date 30 June 1953

Effects of Irradiation

Arzmy Medical Research Laboratory
Fort Xnox, Kentucky

Effects of Ionizinr Radiabtion

BRIEF. The gim of this work 1s to study the lst effects of x-irradistion
damage al the cellular level by various histochemical and vitol=staining
techniques, and to correlate these resulis with findings on total-body irradia-
tion.

FROGRESS. Studles of the protective effect of cobelt (CoCl; + OHp,
Fisher gclentific Company) were continued. Special feeding experiments with
mice and rats indicated that the early stimulating effect of ecgbalt on the
hematopoietic system may be more importenmt then the ccobalt-induced polycythemia,
which builds wup only efter cobalt is administered for several weeks. These
findings are supported by studies of acobson apd his group, who report
similar resulis in experiments with P”“ersdiation and cobalt. It should he
' kept in mind, however, that imterference with cellular respiration and engymatic
eretivity may also contribute to the beneficlal action of cobalt,

The influence of ¢ystelne, glutathione, and cysteine-amine on the dose=
effect corre’ation in plant tissue {onion root cells) and mammalien tissue
(rat cornea) is manifested in & decrease in the nuwber of mitotic Figures
) when the substances are given prior to irradiation. Curves for the exact
correlation have been established.

Early effects on the nucleic acid metebolism Iin Walker cercinome end
Mwrphy lymphosarcoma were studied in comnection with changes of mitotic
activity after x~irradiation. The correlations found so far will serve as a
: basis for studying the effects ovbserved by v. Hevesy, in which irradiation
of the tumor on 1 side of an animal influenced the shielded tumar lmplanted
on the other side.

Early effects of micro-irradiation on single cells (ehrinkage and swelling
followed by hemolysis) were studied in Amphiuma blood cells and in ascites
tumor cells.

y Staining techniques were fiurther spplied in the studies of delayed ir-
rediation effects in single cells and cell groups after irrediation with soft
x"rayso

Long-period, low-intensity experiments were continued with different
strains of enimals recelving 0.25 apd 0.5 r daily.
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FUTURE. All work mentioned above will be continued. Ilicroequipment Pre

vwill be developed for measuring the effects of irradiation on the respiratory
setivity of small mumbers of eells. lore detailed experiments in micro-
surgery will be continued, with the goal of stwdying irradiation effects on
single cells wder verying conditions. Naturally colored tissues (purple
onion) and normal tissues trested with TTC will be used for studying the
effects of high energy heavy perticles (190 mev-deuterons of the Berkeley
eyelotron).

REFERENCES. "Further Investigations into the Modification of Radiation

Sensitivity Afforded by Cobalt," AMRL Report No. 11k, 10 April 1953. 2;“
*Studies of X-Ray Induced Mitotic Aberrations,"™ J. Tenn. Acald. Sc¢i., Bl:.:
28:18, 1953. = P
"Study of the X-Irradistion Protection Afforded by Cobalt," Science, im
117:155-156, Feb. 1953. - rar
1
Effect of Irrediotion on Single~Cell Organisms ::1
BRIGF. The purpose of this sublesk is to study in single~cell crganisms
the mechanism of cell demage caused by verious types of irrsdiation, in order ha
to develop means of protection from irradiation demage. de
FROGRESS. In order further to elucidate the relationship between the Z‘E,
gross phenomena of irradiation injury and the corresponding physiologie states, cu
a study of the derk phase of photoreactivation was undertaken. When & sample to
of freshly harvested E. coll is exposed to ultraviolet light in the vicinity in
of 2537 A it is chserved thet the zbility of such a sample to be photo- be
reactivated diminishes logarithmically as a function of time. The duration an
of the interval of tholoreactivebility at room temperature is reported to be o
from 2.5 to 3.0 hours, en intervel which corresponds to the lag phase of ur
irradiated cells. At the end of the lap phagse logarithmic cell division
begins. On the basis of these concomitant phenomens it has been suggested
that cell division predicates loss in photoreactivability. Data cdbtalned In
from the present study indicate that irradieted cells with negligible o
endogenous metabolism sre capable of photoreactivation for as long as 9 hours 81
after ultravioclet irrediation, while the lag period of such cells extends for
only 5 hours. ’
Er
There is evidence, therefore, that the loss in photoreactivability which £}
{s sssociated with the dark phase of photoreactivation is not causally related £
to the process of cell division. s}:
s
FUTURE. Escherichia coli, strain B, mutates with a definite frequency , T
to an irradistion-resisteant strain B/r. The difference in resistance between . o

these organisms has been studied only from a phenomenologic standpoint, with= |
out reference to influences in biochemical mechanisms. The comparative
physiology of these organisms will be studied in order teo describe in physical
and biochemical terms the significance of the mutation from x-irradiation
sensitivity to x=irradiation resistance.

20

R ) Py

Washington National Record Center
Office of the Army Surgeon General
Record Group 112 ’
Accession #: A57-2¢(o%e)
Box #: Sene A~

File: fraed el ’D-w*a'u-x-x IQ’_‘PM— [(M /152 - 3p (D\//A«J— G953




e, T TR B A

Project No. 6-59-08-14 NOT FCR PUBLICATION
Report Date 30 June 1953

Ionization Effects

Army Med Sv Grad School
Walter Reed Army Medical Center
Washington, D. C.

ERIEF. The aims of this work are (1) to study the value of prophylactic
and chemotherapeutic agents and various protective messures which will alter
or minimize injury and mortality from whole~ or partlial-body irradiation;
and (2) to study the utilization of radioisotopes in tracer and diagnostic
procedures.

Bidlogic and Medical Aspects of Ilonizing Radiation.

FPROGRESS. « The current technique for determining bound protein ie
involved, difficult, sad time-consuming. Theoretlcally it is possible with
radicactive isotope I3l to determine total blood serum iodine and protein
bound icdine accurately and simply. This procedure is ready for the pilot

study.

A technique for producing a standard wound In the abdominal wall of mice
has been developed, and the method of Kobak and assoclates has been used to
determine the tensile strength of the wound at various times after wounding.
This method conslists esgentially of rupturing the wound by means of an intra-
ebdominal balloon connected to & mancmeter. The tensile strength versus time
curve has been determined 1n e pilot series of animals; variation from animal
to enimal 1s disturbingly great. 3Some of this variation may be due to
Insceuracy in reading the rupture pressure; to correct this a kymograph is
being obtained so that rupture pressures may be recorded. A pilot serles of
animals receiving 500r whole-body x-ray (epproximately LDEO) immedietely prior
to wounding show no significant difference in the normal healing curve from
unirradiated controls.

Beta-Gomma Dose Ratic on Surfaces Contaminated with Fission Products.
During the period March - May this experiment was completed in the fileld. A
preliminary report was completed and published. The finel report will be
submitted in August 1953.

Treatment of Irradistion Slckness with Spleen Homogenate and Bone Marrow.
Evidence accumulated here and in other laboratories indicates that unirradiated
gpleens of 5- to 6-week-old mice are much less effective in pramoting recovery
from radiation injury than spleens of younger mice. This 1s true whether the
spleen is given as an homogenate or a transplant or is the animal's own
shielded spleen. This observaticon, in conjunction with the known msaimum
radiosensitivity of mice aged 30-45 days, led to investigation of the importeamce
of the unshielded spleen in survival after whole-body x-irradiation.
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Litter-mate mice of Xnown age vere subfected to splenectomy, sham
operation, or no surgery. Each of these groups was further divided into a
group receiving 550r wvhole-body x-ray, and an unirradiated control group.

In Experiments I & II irrediation was performed 1 week after operation; mice

of Experiment I were 5 weeks old et the time of irradiation, and mice of Experi-
ment IT were 2 wveeks. In Experiments III and IV irradistion was performed
immediately after operatiom, ages being 5 and 2 weeks, respectively. Thirty-
day survival vas observed. Al]l plamped irrsdiations have been completed but
observations are continuing; 12089 mice have been studied.

Preliminary results indicete tbat the pormal unehlelded apleen playse
very little part in the recovery of the totally irradiated mouse (circa LDgp)
as evidenced by lack of significent difference in survival between splenec-
tomized and non-splepectomized animals. This appears to be true at both ages
investigated. The lesser radiosensitivity of young mice previously observed
is confirmed,

Relative Biologic Effectivepess of 4 Mev Gamma Rays. Additional groups
of mice were exposed to cooventiooal x-ray in order to obtaein a base-line
response for camparison purposes.

FUTURE. Statistical data will be gathered for a comparison of the
isotopic acid and modified Barker metdbods of determiping bound protein. Time
versus tensile strength in s larger series of animale wounded after whole-
body irradietion will be compared vith data for simultaneous contreols. The
final report on beta-gamma dose ratio on surfaces contsminated with fission
products will be campleted. Observations on the splenectomized mice will be
completed. The fipal report om the relative blologic effectiveness of 4 Mev
gemma rays will be finished in October.
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Project No. 6-59-08-1}4 HOT FOR PUBLICATION

Contract HNo. MD=93 Rem Date 30 Jme 1953

Ionization Effects

Dr. J. Garrott Allen
University of Chicago
Chicago, Illinois

HERIFF. The purpose of this work is to study injuries incident to irradia-
tion, The vhysiologic and biclogic effects following such irrsdiation, and the
development of therapeutic methods to combat irradiation injucies.

PROGRESS. Work in this laboratory between 1948 and 1653 led to the
following comclusiona with reference to studies on irradlation injury in the
dog:

l. Animale die of hemorrhage but its partial comirol by platelet trans-
fusions does not alter the survival rate in the 450 r total<hody exposure.

2. Reutropenia, which is profound in these animals, offers no means of
distinguishing thoze animals that will survive from those that will die.

3. The 450 r animel is susceptible to infection but its partial control
by antiblotics dces not offer any great praspect of increasing survival rate,
although there is a alight incresge in survival time.

k. The 450 r dog develops a moderate %o marked anemia. Its prevention
: by frequent transfusions of freshly drawn citrated whole bloodl does not
increase survival rate or time and does not lessen hemorrhagic tendency.

5. The coubination of frequent transfusions of whole blood and of the

administration of aureomycin, twice daily, ensbled 3 of 20 doge ito survive

+ 450 r total<body x-ray exposure. Ko cantrols in this laboratory have ever
survived this exposure.

6. Shielding of the head by means of lead markedly reduces the mortality
rate of the 450 r dog from 1006 to 25% or less. Nevertheless, the drop in
the white blood count and in the platelet count for the lst 2 weeks after
irradiation appesrs to be as pronounced as In the unprotected control. Recovexy
of the leukocyte platelet counts is completed between the 2lst to 25th post~
irradintion day. This is in contrest to the experience with 3 dogs which
survived 450 r irradiation snd which were given freguent blood tranefusions

‘ and daily sureomycin (see paragraph 5). In these 3 animals camplete recovery
of the vhite count and platelet counts did not occuwr until after 42 days.
It is beiieved, therefore, that head shielding in the dog offers the most
) effective means yet devised to reduce mortality, to hasten recovery, and to
’ reduce hamorrhage, infectiop, and apemin of this species. This phencaencn
will be studied further because at present it offers the anly channel yet
spparent from which fruitful results may be expected.

23

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #; A57 - olswe)
Box#: S&éveo A

le: ) AN 0 5
File: ficrarci {’M Freaa ﬂbpw /MV /1952 - 2 (31,(/“_4_ {c.lgg




Several experiments are under way to determine what factor or Tfactors

are concerned in the improvement achieved with shielding of the head in the Pr
450 r dog. Cor

1. The 1lst such experiment is designed to determine with certainty
vhether the protective mechanism is the shielded marrow within the skull or *
scme Other mechanism. Suggesting the reasonsbleness of this possibility are
previous studles done on partisl shielding of the hesd by Shouse, Werren,
ard Whipple in 1931 and more recently the work on spleen shielding by
Jaccbson et al. (University of Chicago). Cwurrent stulies of the marrow of
the skull and ribs in the shielded and umshielded controls following 450 r
include bicpsies of the skull and of the ribs msde before and at intervals
following total-hody exposure. o

2. The shielding of the spleen in doge is being studied to determine
whether this yrocedure, which has proved so bepeficial in several other ‘
species (Jacobsou et al.), is also beneficial in the dog. This study includes Tel
cbsexvations on the bome marrow of the skull and ribs in & mammer similer to dor
that of the head-shielded dog. S::

}

3. Shielding of the pelvic bomes of the dogs that are exposed to 450 r e’
is being surveyed to determine whether this will give protection aimilar to 20
that obtained with skull shielding. Male, femsle, and cestrated snimels are
being used. fo

FUTURE. When the results of the studles listed wnder 1, 2, and 3 are e
knosn, the head-shielded dog which has been hypophysectomized will be us
irrediated with and without shielding, and marrow stwdies mede slmilar to
those listed under 1, 2, and 3.

Pending the outcame of the & studies described above, an attempt will 10_;
be made to extericrize surgically the uteri of pregnant dogs, shielding only at
the uteri and the fetuses to determine whether these prenatal animels cen
produce the factor or a similar fector that will protect the animal when .
parts of his own marrow or reticuloemdotheliel system sre shielded. This t1
should give a clear concept of the likelihood that a diffusibie substance is £
produced in the fetus that will enable the endothelirl) system of the mother st
t0 recover at 450 r. It

Several further avenues of exploration are obvicus, but the selection of >
vhich to pwrsue cannot be made wntil the outcome of cwrrent stulies is of
determined. es
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Project No. 6-59-08-14 NOT FCR PUBLICATION
Contract No. MD-428 Report Date 30 June 1953

' Effect of Rediation on Ironm Metebolism and Hemmtopoiesis

Dre. Vincent P. CO]_'l.inB and
R+ Kenneth Loeffler

Baylor University

Houston, Texas

ERIEF. The purpose of this work is to study the effects of total- and
partial-body rediation on iron metabolism and hemetopolesis.

PROGRESS. In earlier stuiies under another contract (MD-302, final
repart in issue of September 1952) these investigators wdministered single
doses of total-body radiation of up to 200 r with 2-WP redistion. Since a
2-MVP it is not yet available, work is proceeding with 250-KVP radiaticn.
. During this 13t querter it was necegsary to re-establish the safety and
¢ usefulness of total-body radiation of this energy, begimning at the level of
50 r and increasing it graduelly to 150 r single exposure.

The use of total-body irradistion in the range of 50 to 150 r (250 KVP)
for therapeutic purposes ca 4 patieats (malignant neoplassm, carcinoms type =
possible reticulum cell sarcoma; multiple myeloma; chronic lymphatic leukemia;
and lymphoms) showed sgain that in this dosage it is both safe apd clinically
useful..

Iron turnover tracer stulles have been resumed on patients with a variety
' of blood dyscrssias sand with normsl hematopoiesis to determine the variations
that might be encountered and to establish the validity of this method of
studying bone-merrow activity.

. FUMRE. Since a supervoltage unit will not be available for sn indefinite
time, the primary concern now is to estsblish the effects of 250-KYP irrsdia-
tioa wpon symptomatology, peripheral blood coumts, and iron metabolism. The
atudies alresady begum will comtinue until the supervoltage unit is installed.
It is also planned to establish the effect of 25 and 50 r cn the symptomatology,
peripheral blocd coumts, axd iron metabolism of patients with benign condi-
tioms and normal hemstopoietic systems. Meenwhile, now that the thersapeutic
affectiveness of total-body rediation in the 100 to 150 r range has been
established, it is expected that many more patients will be itreated with
this technique than have beer in the past. It is also expected that this
dosage may be raised to higher levels in patients requiring therapy of this
type and whose gemersl condition and hematopoietic systems seem likely to
tolerate such dosages.
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Project No. 6-59-08-14 NOT FCR PUBLICATIOHN
Contract No. Mp-289 Report Date 30 June 1953

Pathologic Study of Cemtral Nervous System ;

Dr. Webb Haymaker
American Registry of Pathology
Tth and Independente Avenue, S. W.

Washington, D. C.

BRIEF. The purpose is 1o conduct a pathologic study of the central
nervous system of jrradisted humans and animals.

PROGRESS. Monkey Brains from Los Alamos. After receiving 1,000 to
30,000 T total-body radiation (data on sowrce and speed not availeble), these
12 animals survived from sbout 3 1/2 hours to 10 days.

The neuropathologic changes varied with the lrrsdistion dosage and the
duration of life. In every case the nuclel of endothelial cella of blood
vessels of all calibers displayed morphologic evidence of damage. Conspicu~
ous changes in the meningea in cases of relatively brief duration included
acute arteritis, phlebitis apd inflammetory cell snd plasme exudetion into
the arachnoid meshes; in the animsl receiving 30,000 r the cellular exudation
amounted to acute peutrophilic meningitis. Endothelisl cell changes and acute
phlebitia, etc., in the CKS were also prominent, even in the animal which sur-
vived only 3 1/2 nours (5,000 r). The choroid plexuses shared in the exudative
process in all cases. Cells of the ependymal layer suffered in some cases,

occasionally severely.

Granule cells of the cerebellum were peculiarly sensitive to the irrsdia~
tion, and evidence has been cbiained that the nuclear change in some cells is
irreversible. Many oligodendroglis were also affected, as manifested by the
positive FAS nuclear reaction and other nuclear changes. In 1 case large N
numbers of oligodendroglia had disappeared from the internel capsule. The
presence of tiny end feirly large (macroscopic) perivascular foci of ne-
crotized white matter {with neutrophil infiltration) in cases of longer dura-
tion raises a questica es %0 the role of oligodendroglial damage in the
production of the demyelination associated with the axis cylinder necroels.
Beta cells of the anteriar hypophysis were selectively damaged to a remarkable b
degree, 1f puclear pyknosis can be considered as evidence of damege, while
alpha cells In same cases displayed a peculiar enlargement. The supre~cptico-

P b ™M L M R e, d
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hyporhysial system was drained dry of its secretory material as time went on. Wi
Nerve cells of the CNS (excepting granule cslls of the cerebellum) were ;(
lsrgely spared, though the nuclei of Betz cells in same animals displayed -
evidence of selective severe damage. The nuclei of some nerve cells were i
PAS~positive. Purkinje's cells have not yet been emtirely studled. . e
Lipemin seemed to have increased in the grouwp as a whole. Ei
Included in the study of the Los Alamos material were the brains of 2
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monkeys subjected to head irradiastion sbout 1 year previously. All the teche
nical work has been completed.

Especial care has been taken in these 2 studies (i.e., acute and chromic)
80 that leada and technical base lines may be cbtailned and short cuts devised
foar the study of the material from other series.

Multiple focl of pericapilliary leukoeytic infiltrations were found in
the cerebral white matter of momkeys surviving 3 to 5 days, and numerous
necrotized areas were found in the white matter of 1 animal which swurvived
5 daye. In such feci, which resembled plagues, the axis cylinders had disap-
peared but the myelin shenths were intact though demspged. Moreover, astrocytes
were proliferating within and near the plaques. Thus, in some ways the
necrotized lesions bore a resemblance to those of multiple sclerosis.

A-B Exposed Human Brains from Jepen. Sectioms from 14 of the 50 cases
were sent 1O Lhe & Jepanese collaboaratars on 16 January 1953, 4 seta being
retained here. The total number of slides concerned was T,157. Since that
time the sectioning of 12 more ceses has been completed; from them, 2,390
sections were cut and stained. It is estimated that the processing of 65% of
the stwly on these brains has been completed.

Hundred Mouse Brains fom Oak Ridge. A preliminary examination of the
brains of &1 experimental 8 (with 5 controls), from which US40 slides
vere cut and atained by cresyl violet, indicated that 5 had meningitis and
choroid plexitis, 1 mutiple vascular thrombi with parenchymal necroeis, T
recent petechial hemcrrhages, 8 leukemic intiltration, and 1 chromophobe
sdenama of the pituitary gland. Cepillaries of the thalams were calcified
in 10 experimentel animals and in 1 control animal. On the basis of these
obgervations it is considered worth while to continue the investigation of
these brains. I% has been decided not to investigate the viacera of these
mice.

Seven Dog Brains from Oak R + Celleidin end paraffin sections (2 sets
each) have been campleted on the brains of 4 dogs, totaling 377 slides. The
majority have been atained by cresyl violet and H & E. The secticns have not
yet been studied.

Twenty Burro Brains from Osk Ridge, Tennessees These have been embedded
but cﬁtin.g has not been started.

FUTURE. Human Prains. It is planned to study the sections of the bralns
which have thus Iar been prepared, with a view to writing e detailed descrip-
tion in each case and sulmitting a report to the 6 Japenese collabarators
for their consideration. A Jjoint report with the Japanese ultimately will be
written. Mouse Brains. It is planned to study the sections of mouse brains
in greater EeEaII, prepare photographs and a report, and submit this
report to the Osk Ridge Natiomal leboratory. Burro and Dog Brains. It is
planned to continue the preparation of represenﬁfive sec%ions of these
brains and to begin a systematic study of them at the earliest opportunity.
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Project No. 5=59-08-1k4 NOT FOR PUBLICATION £
Contract No. MD-293 Repart Date 30 Juze 1953 X

Effects gi‘ Ionizing Redistion on Erythrocytes

Dr. Milton Lessler c
Chio State University
Columbus, Ohio

T

BRIFF. The purpose of this work is to study the effects of low=level g
radiation on the nucleus, cytoplasm, and metabolism of nucleated erythrocytes.

PROGRESS. Metabolic Stulies. Respirstion measurements of red blood . b

cells of frogs were carried out in a cold«blooded Ringer's solution buffered i

with NaHCO, and gassed with 100% oxygen. No satisfactory measurements of
oxXygen congumptim were cbtained with this procedure. The problem of a
better nutrient mediwa for nucleated red-blood-cell ouygen-consumption
measurements is under study.

Oxygen- consumption measurements pf rabbii bone marrow were carried out
on both teased biis of marrow and marrow suspensions in Krebs-Ringer phosphste
glucose medium. The oxygen comsumption level was approXimately the same with
both preparations. Marrow suspensions x~irradiated with 100 r showed a
higher level of oxygen consumption than camparable unirradisted suspensiona.

Cytochemical Studiec. Erythrocytes of Raha cetesbeiana subjected to a
series of aldehyde-coupling reactions followed Dy the Feulgen reaction were
studied by means of a microscope-spectrophotometer. Marked changes in nuc-
lear reactivity were found following 100 r x-irradisticn. Similar stulies
carried out with IJecturus cnd Arphiuma erythrocytes showed that changes in
aldehyde-coupling reactivity of nuclei could be demonstrated immediately
following 100 r X-irradiation and were still observable after 24 hours of
cold atorage.

Cytologic studies of 100 r x~irradiated nucleated erythrocytes (of the
3 species mentioned above) showed a large nupber of irregularly shaped cells.
Nuclel in damaged cells tended to round up. Examination of the supernatant
fluid of the irrsdiated camples showed that some hemolysis had occurred
during the irradiaticm. After washing and 24~-hour cold storage, some
hemolysis was still evident. HNo further hemolysis waes observed in samples
gtored 48 hours. The unirradiated controls showed neither irregularly shaped
cells nor hemolysis.

Cell and puclear volume studies were carried out on irradisted and unir-
radiated erythrocytes which were apparently normal cytologically. Necturus
and Amphiums erythrocytes showed s slight increase in nuclear volume ime- .
mediately following 100 r x-irradiation, with little change in cell volume.
Irradiated erythrocytes stored for 24 and 48 hours in the cold showed
decreases in both nuclear and cell volume 8ss campared to unirradiasted con-
trols.,
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FUTURE. Oxygen-consumption studies of rabbit bone~marrow suspensions
subjected to x-irradiation below 100 r will be carried out. Further in-
vestigations of adequate techniques for metabolic studies of amphibian
erythrocytes will be pursued.

An apparatus for exposing cell sugpensions to bete radiations will be
constructed and then calibrated with PY< plaques so that cell suspensions
can be exposed to graded levels of beta radietion.

Rens and Amphiuma erythrocytes will be exposed to levels of radiation
below 100 r and subjected to further cytochemical and cytophysioclogic
studies.

The miecroscope=spectrophotometer will be rebuilt to incorporate the
Beck reflecting microscope, which will extend the range of the instrument
into the ultraviolet.
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Project o, 6-59-03-14 NOT FCR PUBLICATION repc
Contract Ho. }D-263 Report Date 30 June 1953 : Vale
bloc
radi
Analysis of Indirsct Bffect of Radiation lsbe
Effe
Dr. Peter F. Selisbury hypc

Cedars of Lebanon Hospital

Los Angeles, Culifornia

BRIEF. The aim of this study is to deterpmine the effect of cross irons-
fusion Detween normal enimals and enimals exposed to lethal doses of radiation.

PROGREGS. Cantrol Studies. It is felt that the changes in the lethal dose
which have been cbserved msy occur as a result of a change of the intestinal E
flara of the irradiated dogs. Nost of the deaths in dogs irradisted with
450 r are due to infecticns which start as the result of invesion of the blood
siream by intestinal baecteria. The pathogenicity of the intestinal flore wmey
change for unexplained reescns, especialiy when beterogeneocus populations of

dogs are used end when surh dogs are obtained from city pounds. Despite men
effarts to standardize dogs as to size, immunity, sex, age, and period of tect
observation, the resulting product is still heterogenecus as toc general vari
characteristics, intestinal {lare, and possibly other factors. ti‘g
ce

Experimental Stulies. Dogs were selsctad, prepared, irradiated, and varj
trected oS described in & previous report, and in & menner identical with the is «
control dogs. Within 3 hours after the end of irrsdiation they were cross tial

transfused fram healthy mnle danors according Lo the technique used earlier,
but with the following sipnificant difference. The doga received amounts of
blood from the donor corresponding to 1/8 the body weight of the experimental a fi
animal. During the transfer of half of this predetermined volume the intake
opening, of the crose-transfusion machine was cccluded with a clamp whenever

16 cc. had flown through it, so that the continued sucking action of the pump
created a partial vacuum and the continuing squeezing of the rubber pumping
chember by the can=driven directional valves provided a degree of injury to
some of the farmed elemenis of the blood. Ten of 23 irradiated ond cross=-
trensfused animals died (moriality rate L3%). Furthermore, it was very clesxr
that the picture of the dead cross-transfused animsls at necropsy was different
fram that of the controls. As capared with the controls, there was a con-
spicucus reduction of hemorrhapgic phenomens in the trested animals which

came to necropsy. Histologic studles are in progress.

Interpretation. It vas stated in an earlier report that conclusive evi-
dence vas at hand which proved the existence of a protective effect of early
cross trensfusion after total-bedy irradistion. The cross-transfusicn pro-
cedures ocn which this emrlier report was based wers performed with devices
which had the drawback of a slight destructive effect on leucocytes and plate-
lets, as shown by blood counts. ihen the technique was improved to render it .
less traumatic to the blood ceils, these "ztraumatic” cross transfusions did
not Tresult in reduced .Lhialty o mortality of crossetransfused animals.
Thersfare it was decided 1o izmitate the destructive effect of the earlier
equipment and deliberately irawmstize the transferred blood, with the results
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reparted sbove. The experience here confirms that of other authoars {Lawrence,
Valentine & Dowdy, Leonards and Heisler) who found that “atraumatic® reciprocal
blocd trenafer does not affect the merbldity or mortelity of total-body ire
radiation disease. It is fellt that the sum total of the experience in this
labaratary goes far to demomstrate the existence of the "Cross Transfusion

Effect” after total=body irradiamtion. These results suggest the following
hypothesis:

There is a substance which is necessary for the survival
of hone-mexrrow stem cells; this substance is destroyed

by irradiation; this substance is contained wlthin certain
formed elements of the blood {end possibly elsewhere) and
is released into the milieu interiewr by injury to cr de=-
struction of its carrler cell; it should be possible to
concentrats and define this material by differential
centrifugation of blood and injections of treated cellular
blood fractions into irradisted animals.

FUIMRE. In confoamity with the above=mentioned working hypothesis, experi-
ments are In progress to £ind the cell type which is the carrier of the pro=-
tective substance. Immedistely after irradiation, dogs will be injected with
various fractions of dog blood; such fractions will be prepared by exsanguina-~
ting donor dogs, centrifuging their hepasrinized dlood, separating the various
cell fractions, and spplying controlled degrees of injury to the cells by
various methods (osmotic, temperaiire variation). If a protective substance
is obtained an attempt will be made to characterize 1t by dlalysis, differen=-
tial centrifugstion, apd other appropriate methods.

Pathologic material of the preceding series will be exsmined in detail snd
g final report prepared.
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RESEARCH AND DEVELOPMENMT PROJECT CaRD (NEW PROJECTS T RFC. | ] YT N0, £m50-172=021
1. FPQURCT TITLE ¢
Thermzl Burnrs | S-FPPORTTTESG T 53

6. BASIC FIELD OR SUBJRCT Y PIPLT OF SURJYCT B LEONTY

Surgery Therapeutics AR=6
N COGNIZANT AGENCY 12, CONTHACTOR INhT%%“ITFUFITUEY CONTRACT/¥. 0. NO.

The Surgeon Genersal, Di -
$_DIRECTING AGFRCY See pelov
Yed Res & Dov ™3
|| 18- RPOUFSTING AGENCY TY ITTIT T eT s 1T.F3T. COMPL. TATFS
RES Cont.
1t. PARTICTPATION ANDN/OR COORDINAY O .
_ TEST
14. DATE APPROVED QL XL .
" 20 April 1951 Fy 1B FISCAL #5775,
15, FRIGNITY 13 714, )
19, —l

3. PEQUIRENPNT ARD/OR JUSTIPICATION
Approximetely E5% of cioric cosuelties suffer blast and thermal burns, many l
extensive £nd severe. Thir is by fer the most important medical problem in
atomic warfrre. Present methods of trestment are inadequate and improved
methods, applicable to large nuwbers of casualties, are urgently required.

2L RRIZP OF PRQUECT AND OMIPCTINY

a. 3rlef. The objective is io study 2ll phases of thermal burns, local znd
systemic, in experimentel eaimsls =nd nen, in attempts to develop improved
practical rethods of ther:py, which cen be applied in handling large numbers
of burn casueltles,

Tre clinicel pleture of revere hurns is extremely complex and involves
many unknewn or warelved rroblers. The chemistry and physiology of the loesl
Jerien is slrost undmeown :nd topicel treatment is largely ewpiriesl; this
accounts for the enormeurs nuber of burn cintments and other torlical remedles
now edvoeated, -ad for *he controversy over methods of local treatment. Most
eble clinicirns, {ollowins dissppointment after another, in trying enthusissti-
cally acclzimed new yreperstic~ng, have discarded all of them, end use plain
pevrcletur or dry dressiagr. Hewever, there sre good ressons for belleving that
locel healing can he j=preved. It has been shown that the removal of burn slough
=nd the elirinetion of infecticn rromote rapid healing. New epithelium grows
much better in the enterler charder of the eve, and homologous skin grafts
survive there much better then on the burn site, It may be pessible to discover
why this is ro, =nd to duplicete sore of these conditions at the hurn site.
Scarlet red erpears to accelerszte the growth of epithelium, but it resembles the
carcinogens €10 muy be frngrrcus.

The removel of slcugh has been accomplished uncertainly by mild acids (e.g.,
prruvic acid), and porslbly by new bacteriel enasymes (streptokinase, streptodor-
nase, collagenase, and pseudocellagenase), hut prectical clinical application
remsins to »e worked out,

Yueh progress has bheen made in the meesurement of fluld loeses from burns
and in fivid replecement therrpy. Less it known of the kidney, liver, ani hone
- PAGF ___OF ___FACES
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marrow dameges, which accompany savere burns; trustworthy methods of preventing
or correcting these sre much needed. The artificisl kidney has been phenomenal
in saving 1ife in the acute kidney fallures, but present models need further

development and simplification to be applicable to mass casualties or field use.

Comhined antibiotie therapy 1s doing much to prevent or control infectlions
of burns but pyocyaneus infections remein difficult to handle, The relationship
of Infections to the toxemia of burns and keloid formstion has yet to be worked
out. The causes of burn anemie remain obscure. There are no very practical
methods of hendling compound fractures in badly burned aresas; these may be met
in considersble numbers in an atomlec explosion,

Many of the enthusiagtic claims for the great value of ACTH and cortisone
for burns have not been confirmed in carefully controlled experimental and
c¢linical trimsls. The elaim thet no replacement fluids are needed is false;
fluid lcss and edemm formstion in the first 26 hours are not changed by thess
hormones. The clalm that Yomologous skin grafts will survive permanently when
applied under treatment with thess hormones is not true. The cleim that thesge
hormones save 1life in the presemce of otherwise fatal burna seems very doubtful.
There ie evidence that burn vietims feel better, have sarly relief of pein and
better appetites when glven these hormones. WMich work remains to be done before
the place of ACTH and cortisone in burn therapy can be scientiflcally established.

Preliminary results of lesving burns exposed to air, without dressings or
local medications, show that they heal as rapidly and cleanly, with less dis-
comfort, end earlisr ambulation, as cases treated with local medications and
dressings. This Mexposure method™ 1s not epplicable to circumferential burns,
but may be widely applicable to atomic burns, since most victims will be burned
on only 1 gide of the body - ths side exposed to the atomle flash, An initisl
surgical cleansing of the burned area and systemlc antlibioties to prevent
infection may be all that 1s needed in the milder cases; replacement fluids end
control of pain alszc will be needed in more severe cages.

Tissue culture methods have been very useful in defining the optimal
nutritional conditions for the growth of new epithelium from ncormal, burned,
and transplanted skin. It is also possible by this method to measure the effects
of burning by heat and radiation, and the effects of drugs in impeding or stimu-
lating epithelisl pgrowth.

b. Approach. The Surgical Research it will establish the principal Army
investigation clinic for the study of thermal burns, at the Brooke Army Medlesl
Center. The meximum feasible number of burn casuslties will be trensfeerred to
this hospitsel for study and definitive treatment. Emphasis will be given to these
phases:

(1} The loasses of body water, electrolytes, proteins, and the formed blood
plements will be reolated to the time after injury and the size and geverity of
the burns,

(2) The shifts of body water, elsctrolytes, and proteins between ihe circu-
lation, extracellular spaces, end intrascellular spaces, in relation to time and
geverity of injury, »ill be determined.
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(3) The emounts and types of fluid replacsmenta to restore oncotic and
hemodynamic balence to the cireculation will be determined. Attempts will be
made tc develcp genersl rules of fluid replacement, whlch may be used when
lerge numbers of casualtles preclude making lsboratery examinations.

(4) Clinical trials of the "exposurs method," for the local treatment of
skin burnes, will be pushed at high priority, in order to develop it as a
possible method for deeling with large numbers of stomic burns,

(5) The control of burn infections by sntibiotics and other measures will
be investigated, in order to detsrmine the cholce of remedlies, optimum dosage,
and route of administration, and to develop appropriate treatment directives.

(6) The use of ACTH and cortisone in severe burns will be investigated to
determine their advantages, limltations, and dengers, and to formilate directives
for their use.

{7) The use of large homologous skin grafts, as a temporsry life-saving
measure, will be svaluated in human cases.

{€) The optimum time mnd conditions for autologous skin grafting, especially
in the "exposura method,™ will be determined,

(9) High caloric nutrition of severs burn cases, both by parenteral and
continmous intragastric feedings, will be investigated, to determine proper
timing, formulas, amounts, and influemnce on clinicel recovery.

(10) The causes of toxemim, renal fallure, and liver and bone marrow damage
in burng will be studied, to deterrdne how to minimize end correct these assrious

complications.

{11} The artificisl kidney will be used, both gs a 1ifs-saving messure in
the treatment of the ecute kidney feilure in burns, and as 2 research tool to
determine why the toxemlss and klidney damage oceur.

(12) New dressings, drugs, and instruments for the evaluation, management,
treatment, and rehabilitation of thermal burn casualties will be inveatigated,

as reguested by ths Surgeon General.

c. Subtasks.

(1) Army Medical Service Graduste School will attempt to develop dressings
for thermal burns which will heve minimum or no agherence to the burn surface
and 10 newly grafted or growing epithelium, and wlll evaluate methods and combina~
tions of treatments developed elsewhere, to assess their velue for the mansgement

of Army burn caeuslties and for large numbers of atomic burns.

(2) Columbia University (Dr, Bdward L. Howes). The proteoclytic enzymaes,
notably collagensses and pseudoccllagenases, elaborated by the clostridisl

bacteria (C1. welchii, C1. sporogenes, end Gl. higtolyticum), will be concentrated,
purified, and tested for their value for removing slough from deep thermal burns.
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Methods for the production of enough of the most promising enzyme, to meke
elinical trisls poassible, will he developed.

(3) University of Cincimnati (Dr. 4. Altemelor). The control of burn
infections with proteoclytic enzymes and combinations with antiblatics will be
evaluated, with specisl attention t» pyocysneus snd the more resistant gram=
negative bacteria. The relationship of infection to scer and keleold formation
will be investigated, in order to minimlze unsightly scars and contractures.
Attempts will be mmde to develop prectical methods for handling fractures with
overlying severe thermal burns, such as mey ocour in atomic exploslons.

(4) Massechusetts General Hospital (Dr. Oliver Cope). The histalogy,

physioclogy, chemlstry, and physics of the local burn and lts exudate will be
studied to determine the basle derangements and to develop rational local therapy.

' Promising new topical applications will be evaluated and new ones devised. The
use of homologous skin grafts as a life~saving measure will be investigated.
Motabolie studles using radicactive tracers will be made.

{5) Northwestern University (Dr, H. S, Allen). Gomparative clinical

atudies of the "exposure method" and closed methods of treetment of burns will

be made, with emphasis on pressure dressings. The time=courae for natural
recovery of the ¢irculating proteins and formed blood elements, as related to

the size and severity of burns, will be determined; attempt will be made to use
this information to formulate general rules for transfusions and proteiln replace-
ments, when casualties are too numerous to be followed by laboratory examinations.

(6) Iniversity of Texas - Medical Branch (Dr. T, G. Blocker, Jr,). To
conduct clinicel reseamrch on burns and related problems.

(7) Yele University (Dr. H. S, N, Greene). The physiologic environment
provided by the anterior chamber of the eye will be cerefully studled, to
determine what factors meke homologous skin transplants grow there, whereas
they generally fall to survive in other regions of the body. Attempts will be
made to separate and study the epidermls, free of dermis. Simidtanecus trens-
plants in guinea pigs will be mede in the enterior chamber of the eye and on a
denuded skin surfece, in the same animal; reasons for differences in the survival
of trensplents in the 2 sltes wlll be sought. Both homologous and heterologous
skins, and both embryonic and sdult skins, will be employed. The possibility of
duplicating, in the burn wound, the factors favoring the survival of transplanted
skin will be considered.

(8) st. Vincent's Hospitel (Dr, L. M, Rousselot). Clinical evaluatlon of
the proteclytic enzymes, notably streptokinase and streptodornase, for the
control of infection and removal of slough and debris from burns and infected
wounds will be made., Methods of applicatlion to assure prolonged snd intimate
contact with the burns and wounds will be dsveloped, Bacteriologic examinations
and photogrephs (in color) will be made at frequent intervals.

(9) University of Ponnsylyania (Dr. James Walker, Jr,l. Attempt will be

made to determine the cause of death with high plasma nonprotein nltrogen (over
100 mg %). A study will be made of critical individual tissues (the brainm,
kidney, and heart) to determine the electrolyte and fluld shifts within these
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tissues, since over-all elecirolyte studies do not appesr to reflect the

changes 1in thege tissuss. It is hoped to obtaln a better understanding of whst c
is taking place In them, before the process become irreversible, as this mey be

the key to prevention of tarn deaths.

(10) University of Pennsylvanis (Dr, Julius Comros, Jr,). To define the

nature of the direct and reflex effects of heat and products of combustion
gpplied to the upper end lower recpirstory passages; to devise and utilize
mothods for the early dimgnosis of demage to the lower respiratory trect; and
to determine the beneficlsl or deletsrious effects of certain methods of treat-
ment.

(11) The Jefferson Mediczl College (Dr, John H, Gibbon, Jr.). To deter-

mine the value of a mechanica) heart-lung epparatus in the treatment of pulmonary
edema followlng burns of the resplretory tract,

T

-,

-

(12) University of Peansvlvenis {Dr, Carl F. Schmidt). To conduct studies
on burns of the respiratory tract, with special refersnce to pulmonary edema,
leryngospasm, and the influsnce of drugs.

(13) Harvard University (Dr, Jemos I, Vhittenberger). To define the sequence

of physiclogic events following respiratory tract injury, as a basis for appropri-
ate therapy.,

(14) Bavler University {Ir. M, E. DeBakey). To ¢ out studies on ures,
para-amino hippurate, insulin, =nd rajiosctive sodium (24) clearances in burned

animals end humans and to ecorrelate thess studies with renal blood flow and
urinary output, in order to determine the extent of renel dysfunction following
thermal injury.

(15) Bosto University (Dr. Purnham S, Walker). To conduct studies on
isolatlion from becteriel souwrves of enzymes hydrolyzing proteins, mucopolysac-

charides, smd collagen; investigation of hemostatic action of staphylococcal
procoagulase In enimal surgery.

L N e e T T T Y
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(16) Univercity of Washinpton School of 'ledicine (Dr. J. Thomas Payne).
To conduct e study of therms} effects on cutaneous and systemic liplds. N

(17) University of Tennessee (Dr. James D, Hardy). 4 clinical and labora-
tory study of the c=use of desth in thermal burns.

(18) University of Illinois (Dr. Alfred Schiller). To study the effects
of vasomctive substences relesred from burned skin on the cuteneous circulation
of intact enimals,

(19) Southwestern Med School, University of Texas (Dr. Ben J. Wilson). To

conduct studies of extracelluler end total body water exchange rates following .
thermal injury end cther treaums.
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(20) vUniversity of Texas Medical Branch (Dr. Pamerat). To conduct tissue
culture studies in relation t¢ thermal injury epithelialization.

(21) Ubpiversity of Califurnia School of Medicine (Dr. William H. Muller, Jr.)
To conduct studies on the enzymatic debridement of wounds.

d, Other Information. None

roved methods of resuscitation and better control of inmvasive
and lethal infection have culminated in the saving of many lives otherwise
lost as & result of extensive burns. The seriously burned patients now heing
salvaged confront the surgeon with new problems end opportunities, including
control of infection and crogs-infection in the hospital from patient teo
] ' patient and improved meens of separating the burn eschar and of repair of
full=-thickness burns, especially those involving miscle, tendon, joint, and
bone. The last problem has been under study on clinical materiasl at WRAH.
It would sppear that when thermal injury extends to deeper structuwres control
of infection, debridement, mnd suitable grafting afford a good weight-bearing
limb that is more functional than a prosthesis. When s majar joint is
destroyed fusion is required.

€. Ba.c%ound and/or Progéess. Progress in burn therapy is summarized by

Allen's extended use of a dressing made of cellucotton with fine-mesh
gauze attached convinced him that it does not meet reguirements. A large
nupiber of burn cases, most of them children, were treated By various regimens;
be opposes treating by formula. Frequent cases of children's diseases and
upper respiratory infections complicated management of burn children, and
rediced nputritional state to a low point. A new feeding, high in fat and
carbohyérates and offering the usual amounts of protein, re-established the
nutritional state at the most rapid rate cbserved.

Further studies were carried cut by Comroe in Ilightly anesthetized animals
- to determine the existence of: a) upper-respiratory-to-lower-respiratory~
tract and b) lower=respiratory-to-upper ¢r lower-respiratory-tract reflexes,
initiated by thermal or chemical irauma. To date, the only positive evidence
cbtained was a flattening of the pressure-volume curve (decressed compliance)
of the lung thorax following injury localized in the upper respiratory tract.
This may explain difficulty occasionelly encountered in inflating the lungs
of man after intubation.

Among the chemical substances liberated by heat damage 1o cals, Comroe

stated that serotonin (5-CH~Tryptamine) results from lysis of platelets or

. from clot formetion. In the cat its injection into the right awricle or
ventricle leads to bradycardia or even cardiac arrest, apnea, and hypo-
tension. These are reflex effects, with the receptors lying somewhere in
the distribution of pulmonary and coronary circulation, and the afferent and
efferent fibers running in the vagus nerves. These profound effects can be

. cbteined by doses of serotonin as low as 2 meg /K. Injection of serotonin
also produces increase in right ventricular pressure and intense bronchocon-
striction, and constriction of smooth muscle elsewhere in the body. It
seemed likely that clot formation in the pulmonary circulation would lead to
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local liberation of serctomin with profound reflex cerdiorespiratory depres-
sion and bronchoconstrictiom. There was tested the anti-serotonin effect of
2-methyl=~3-ethyl 5 amino indole. All ibe above effects, however, were con-
fined to the cat. GSerotonin hes different effects in the dog.

Cope devised an air-conditioning apparatus which maintaing the srm or leg
of a patient at a copirolled iepperature and humidity and permits cbhservetion
of rate of healinp of the dancr site. Whole blood versus plasmas as the
colloid therapy of cholice wes tested by the radioactive chromium method in
9 patients. It was thought thot the mess of red cells destroyed initlally by
the burn is probably not over 10 to 12% of ihe expected normal mass for these
patients. This minimnl need for red cell replacement soon after injury con-
tragts sharply with ihe later npeed if infection develops.

He is examining criticelly current practices regarding the need for .
sodium ags a part of fluid therapy.

DeBakey concluded from testis an 5 severely burned patients that glomerular
filtration rotes itend to be norml or increased. As before, data sugpest an .
elevated rale occwrs during the early acute phase of adequately treated
ratients.

The possibility ihat the facturs concerned in incompatibility following
transfer of allen Lissue in rebbits zre not vital factors continues to be
explored by H. Greene. Fragments of tissue isolated from the body may be
subjected to strenucus in-viiro treaiment withoul impairing bheir ability to
survive transfer. Boith prolonged weshing and immersion in fat solvents were
Tfourrl to alter iransplantability reactiomns.

Hardy followed 15 patienis vhose burns exceeded 15% of the body surface,
5 of whom died. He presented evidence that fluid and salt therapy can be
excessive. Under present lherapy alnost every paiient whose burn exceeded
25% of body surface gained weight during the 1st few days, 1 as much as 23
pounds. This resulted from {iuid retention not only in the form of burn
wound edema but of edemn in distant ereas. The kidneys cannot be "forced"
to excrete a desired volume of urine. Apvroximately 1/3 of the subjects meni
fested arteriel hypertension during the 1st 10 days. Overlceding of the
circulation and/or possible rensl demeze are considered possible causes. The
investigator suggests serious reservations to a program that employs whole
btlood as the sole colloid infused; 1 patient with a hemstoerit of 71, ir-
rational while receiving vhole blood, improved when plasmo was sdministered.

These cese studies of special interest were presented. Patient J. S.
furnished a striking exarple of the fect that it is possible to overlcad the
circulation of a busky young truck driver, even when the fluids are adminis-
tered chiefly by the oral route. Patient J. H. exhibited a remarkable
recovery from what was thought io be 2 terminal coma following the intravenous
administration of enly 1.5 liers of 0.05% sodium chloride. Patient R, J-
was irrational vhen sdmitted io the hospital, but on the 2rd day he become
lst wildly excited, almost maniacal, and then lapsed into coma; because the
hematocrit was 57, in the presence of g well-sustained blocd pressure, he was
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given 500 c¢. of plasma and his sensorium improved. Patient W. W., who had a
burn of only moderate extent, developed a burn wourd infection with septicesia,
followed by a Waterhouse-Friderichsen syndrome; recovery followed the adminis-

> tration of ACTH, cortisome, and sdrenccortical extract. Patient A. ¥No. sus-
taived an 85% burn; sutopsy revesled massive hemorrhage into the adrenals
bilaterally, petechial gastrie and intestinal hemorrheges (she had vomited
blood), sud pulmopary edems. Patient O. §. developed cardiac failure on the
8th day, but the symptoms subsided under digitalis and other cardisc therspy.
Patient A. Nl. died suddenly and wnexpectedly on the 12th day, without ever
having dimresed sodiom, thoogh her wounds had crusted over and the measured
extrarenal sodimm losses were minimal. Was this leck of diuresis merely a
delayed diuresis caused by cortisone therapy?

Payne reported progress in setting up techniques to evaluate thermal
effects on cutsneous and systemic lipids in the pig.

¥hen Schiller bwurned the sbdomens of rabbits, the Durned skin contained
sbout 3 to 6 times less histamine, in bDoth rree and bound states, than un-
burned skin. Discovery of active contaminants present required isolation of
histepine from the tissue extracts by other means, however.

The injection of glase beads inmto the perfused lungs of dogs wes the
device used by Schmidt to test recent reports of potential commmications
between the pulmonary arteries and veins. He therefore proposes this theory:

. the anoxemia of respiratory bturns and esdolization is due to opening of pre-
existing arteriovencus shunts; the success of oxygen therspy is due to their
closure by high oxygen. If developed, a method to prove this hypothesis in
the {gtact snimal will help to explain the vagcular mechanisms of the lungs.

The early anoxewia following stesm inhalation of anesthetized dogs can
be completely reversed by the administration of 100% oxygen. The additional
uptake by the blood of as mwh as b volumes % of oxygen in the lungs is best
explained by the opening of arteriovenous communicetions in the lungs as a
result of local thermal injury, and their closure by the administration of
high oxygen. This theory is entirely besed on a similar situation seen
folloving glass embolization of the perfused lungs.

A large-scale method for preparing the proteolytic enzyme of Proteus
Yulgarig was developed by Burphwm Walker. There was also prepared a simpli-
fied culturs mediuvs for Clostridius bistolvticum coliagenase production. A
small smount of white, water-soluble, dried collagenase had been prepared
at the epd of 1952,

The investigator's work with pative tendon supports his hypothesis that
collagensses Aiffer from other proteoclytic enzymes in their ability to
catalyze the hydrolysis of protective polysaccharides. He concluded: One
could think of collagen tissue as consisting of a fibrillar net with filmy
walls formed by planar fibrils, giving rise to the ides of chambers or
pockets wvhose gtructure consists of a frame of fibrils, with the filwy
mesibranous material as walls, and containing an unknown fluid substence.
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In studying reversible rlechizolyte imbalance in shock, James Walker had
found a difference in chloride content of a given tlssue, depending upon
vwhether analysis was done on Iresh wet tissue or upon similar tissue dried for
water analysis and then subjected to chlaride analysis. Chloride recovered fram *
the latter ranged from 53 to 905 of that recovered from comparable samples of
wet tissues.

In his recent tests burned, unireated rats showed an increase of 143§ in
tissue chloride over normal values in the gluteus medius muscle; brain
chloride content increased 205; other oreas showed increases or decresses
which may or may not heve been related to direct heat injury.

Ualter's nearly b years' work with “he artificial kidnev waos swmsarized:
clinical experience with 2 total of 209 patients on the artificial kidney -
demenstrated its great value as an adjunct to conservatbive manapement of
renal insufticiency. At times extrarenal dialysis is a life-saving procedure.
The conditioning fector that determines the degree of renal tubular degenera-
tion produced by ischemia and lLemepigment is the funetional state of the
kidney at the moment when the combined insult is given. This was a final
report.

Progress was reporied by Wilson in refining and adapting equipment fox
determinations of radioactive sulfur and deuterium oxide as o means of
evaluating extracellular and total body water exchange rates following thermal
and other trauma.

What was considered a prevenisble complication in 31 burn patients studied
by SRU was hepatitis which appeared related to the sdminisiration of plasma,
rather then plasma expanders, in early shock theraspy. Three deaths resulted
from this cause.

Septicemin was proven by positive blood emdtures in 11 cases, 1 of which
resulted in death. More atitentiom 1s being given to frequent blood cultures
during the esrly postburn period. The reletively high incidence of septicemia
in severely burned patients shows clearly that invesive infection has not been
eliminated by the use of antibiotics and that unexpisined deaths may bhe
attributable to undiapgnosed septicenias.

The use of "split-split thickness" grafts in very extensively burned
patients doubled the amount ot sxin available for skin coverage. OSuch graifts
“take" very well and appear to be an important contribution to the management
of such ceses.

In recently burned patients a decrease in the serum sodium concentration
remains the most striking and comsistent chemical abnormality. Although the
explanation is not yet cieesr, dilution seems the most likely cause. Contrary
to expectationg, high concenirations of urinery solutes are the rule even at
a time when the body is ridding itself of the fluid load imposed during eariy
fiuid management.

Patients who have an increased quantity of circuiating cortisone or ACTH
characteristically show incressed potsssium and decreased sodium congentrations
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in saliva. In the presence of a decressed quantity of cortisome o ACTH,
the converse is true, 1t was discovered.

. When protein catebeolism rates were studied in 19 normals and convalesce
ing patients by the use of I*Ji-lsbeled human serum elbumin the urine ac-
cumulation was faster then plasma degradation. This discrepancy led to the
postulate that slbumin is stored in some depot other than the extracellular
fluid -- presumsbly some organ depot.

f. PFuture Plans. These gtudies will continue.

g- leferences. Progress reports of investigators; reference following SRU
report.
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Project No. 6=-59-12-21 NOT FCR PUBLICATION
Report Date 30 Jwne 1953

Thermal Burns

Surgical Research Unit
Brooke Army Medicel Center
Fort Sam Houston, Texss

BRIEF. The purpogse of this study is to evaluate, develop, and perfect
techniques for the care of personnel exposed to thermsl radiation end burna.

PROGRESS. Clinical Studles in Thermal wries. During the early months
of 1953 the patient load was heavier than at any previous time. Many patients
were admitted 3 to b weeks after injury with large, granulating wounds. It
is hoped that the number of recently burned patilents can be increased even
more.

Complications. A review of over 500 records of burn patients trested at
this installation revealed an incidence as indicated.

COMPLICATIONS IN 602 BURNS
SURGICAL RESEARCH UNIT

I T e I L s e S
I
SR KT A BT,

HEPATITIS

SOFT TISSUE WOUNDS

FRACTURES IR Cs i T
e e
SEPTICEMIA VI T L RN 5~
]
CHONDRITIS (ears)
AMPUTATIONS
CCRNEAL ULCER
OSTEOMYELITIS
CASTROINTESTINAL Tim A
NEUROSURGICAL
GENITOURINARY
THROMBOPHLEBITIS
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Homologous aerum hepatitis developed in 2 edditional patients not ineluded.
0f the 31 patients In whom hepatitis developed, 3 died. In each instance the
disease appeared to be related to the sdministretion of plasma in early shock
therapy. In view of the proved efficecy of plasma expanders in the management
of burn shock, the death of 3 patients from hepatitis is particularly deplor-
sble. The last patient who died of hepatitis was treated in Korea by & former
member of this Unit, who unfortunately did not see the patient until after he
bhed received several units of plasma. This must be considered. a preventable
death.

Septicemis, proved by positive bleoed cultures, was observed on 11l occas=-
ions. Deanth in 1 patient was directly attributable to invasive infection
resulting in septicemia and acute endocarditia. More sttenticon is being
paid to obtaining frequent blood cultures during the early postburn period,

» particularly in deep, extensive burus. Quite possibly the "toxic syndrome"
50 frequently observed after such burns represents in reality septicemia that
often remains undiscovered because of Tailure to taske frequent blood cultures
The relatively high inecidence of septicemis in these severely burned patlents
shows clearly thet invesive infection hes not been eliminsted by the use of
gntibiotics, that unexplained deaths may be etiributable to undiagnosed
septicemias, and that never-ending war on bacterial invasion musi be conducted.
Magnamyein and erythromycin were each used on 1 occasion in the treatment of
septicenia with apparent success.

The problem of acute gastrointestinal Wlcers has been reviewed in the
reference listed below.

Burn Deaths. Fraa July 1950 until February 1953 more than 500 burn pat~
ients were treated by the Surgical Research Unit; 27 patients died. Numbers
following the causes of death indicate the postburn days on which deaths
occurred:

Three cases of respiratory burns (1, 1, and 1)

Nine cases <)>f fluid and electrolyte imbalance (1, 2, 3, 3, 3, 4, 8,
9, and 13

Six cases of fulminating infection (7, 11, 18, 19, 31, and 65)

One case of gastrointestinal ulcer with hemorrhage (13)

Three cases of hepatitis (76, 78, and 80)

Five cases of death due to miscellaneous causes (1, 7, 9, 11, snd 84)
(cardiac arrest, brain injury, etc.)}

It was possible to construct & probit line for the 15- to Mli=years nge
group in accordance with the method of Bull and Squire. Dr. Carl Moyer of
' St. Louis recently undertook a similar study. Although the analysis is not
yet complete, apparently the constants of this probit line will not differ
materially from those calculated by the other workers. Interpretation im-

poses serious problems, and it is planned to review these bura deaths.

Air Evacuation. During the past 6 months, 9 critically burned patients
were evacuasted by eir by this Unit from various ZI installations to Brooke
Army Hospital. A total of 120 hours was spent in the air by staff members.

Much experience has been gained in air evacuastion dbut earlier conclusions have
L3
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not been altered materially.

Miscellaneous Clinical 3tudies. The Universal Protective Dressing and
the burn dressing devised at the Surgical Research Unit continue to be iIn-
valuable. Experience was gained with the use of “split-aplit thiclmess®
grafts in very extensively burned patients. This technique involves the cute
ting of thick split-thickness skir (20 <o 25/1000 of an inch) with 1 of the
drum dermatomes and then further splitting this skin while it is still
attached to the dermatome drum. In this manner the amount of skip available
for skin coverage can be doubled. The split-split grafts “take" and survive
remarkably well. In time they become practically indistinguishsble fram
ordinary split-thickness grafts. This would appear to be an imporisnt cone
tributica t¢ the management of severely burned patients and will be explored
further.

Metsgbolic C s after Injury. Complete metsbolic balsnce studies are
performed on burned patients in ihe early weeks of injury and throughout con-
valescence. They incluie data on sodium, potassium, nitrogen, calcium, phos=
phorus, and magnesium, Balances are computed on the basis of intake and all )
routes of output, including urine, feces, and exudate. The blood is also
analyzed for hemoglcbin, hematocrit, white blocd cell count, total eosinophil
count, total proteins, A/G ratio, sodium, potassium, chloride, calcium, phos-
phorus, and magnesium. If possible, these blood stulles are performed dailly
during the lst 2 weeks, them at weekly intervals.

Results: To date, 4 patients have been studied thoroughly from the time
of injury until healing was camplete; 2 others were studied at a time when they
had large open wounds mnd severe malnutrition. Three patients are now on
balance studies.

Correlation of the changes in various mineral balances is being made.
The data on ¢alcium, phosphorus, and nitrogen metabolism leave little doubt
as to the source of the increased nitrogen losses after injury: +they are
derived from the breakiosm of tissues similer in compoeition to muscle. The
conversion factors employed in predictinz theoretie balances of nitrogen based
on other minerals may not be as valid in the grossily sbnormal conditions after
a8 burn 8s under less sbnormsl conditicns. The variable of the burn exudate,
which caanot be analyzed with the same degree of accuracy &5 the uripe and
stool, may further complicate the apalysis. On the basis of studies completed
to date, there can be po doubt that the exudate contributes substantislly to
the over=-all metabolic balance and that comclusicns which exclude the exudate
st be viewed with caution.

A striking feature of the body’'s response to severe burning is the
oxidation of large amounts of body fat. The data on body fat are derived
from the complete metabolic balances. In % patients it will be possible to
compare body fat data derived from balance studies and periodic heavy water
dilution stulies. It is hoped that the use of both methods will shed light
on the validity of each.

Gross abpnormalities in calcium metsbolism were cbserved In several
severely burned patienis. In some patients the serum calcium levels,
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corrected for serum plasma protein concentraticms at the same time, were much
below the normal renge, aml in some, the serum calcium levels were s0 low that
clinical tetany would be expected to occur. Despite these findings, tetany was
observed in only 1 patient-~an infant who 2180 had a severe metebolic alkalosis.
Further studies are indicated.

Since the last report, 2 patients who had “lower nephron nephrosis® were
ohserved; they constituted the 1lst instances of this complicetion. Inadequate
shock therapy was a factor common in hoth. One patient remained apuric; in
the other, the urine flow increased after institution of an energetic fluid
regimen. The latter again became anuric on the 3rd postburn day. When the
gserum potassium increased to 7 mEq per liter, extracorporeal hemodislysis was
carried out, and caused a temporary decrease in the serum potassium. The
patient died on the 5th postburn day of pulmonary edema.

In recently burned patienis a decrease in the serum sodium conceatration
remains the most striking apd consistent chemical gbnormalitv. It has not
been possible definitely to atiribute this to abnormal sodivm distribution,

* godium shift into cells, or dilution of the extracellular fluid. Dilution
appears the most likely explanation because of the following: (1) the serum
sodium uwsuully decresses at a time when the sodium balsnce is strongly posi~
tive and sodium excretion is not excessively high; (2) the serum sodium
appears to decline at a time when the patient is allowed access to large
quantitlies of water not coataining electrolytes; and (3) recently burned
patients appear unsble to excrete water loads in a normal manuer.

For the 1lst 3 to 4 dsys after injury, the patients who were studied
excreted urine st s concentratlon approximating the maximal concentration
cbtainsble by normal kjdneys. Contrary to what might be anticipated, high
concentrations of urinary solutes are the rule even at a time when the body
is ridding itself of the fluid lecad imposed during early fluid management .
Patients who were treated with amounts of fluids that appear excessive, in
retrospect, and who responded to the fluid loed by a dramatic diuresis, failed
to elaborate urine of lesser concentration then the plasma. These observations
shed additional light on the studies reported by Haynes:and DeBakey on renal
function after burns.

Crowth hormone was administered to 2 severely debilitated patients who
hed large granulating burn wounds. The date are inconclusive as to whether
growth hormone causes increased anabolism. Continued studies are plenned.

Plans for Future Study. In the acute phase, continued studies are plamned
. by the methods presently in use. This includes complete metabolic balance

data and periodic estimation of total body water and extracellular fluid. In
selected patients, the total urinary solute concentration will be gauged by
freezing point depression measurements. It is hoped that urinary antidiuretic
hormones sasays can be performed. Io the chronic phase, sufficient baseline
data have now been sssembled so that in the future specific regimens of therapy
can be employed. Crowth hormone, forced feeding, end vitamin BlE mey be used
in an effort to hasten convalescence.
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Determinstion of Blood Volume, Extraceliular Fluid Space, and Heavy Water
Equilibration Times ip Dogs Acutely Depleted of 5 to 15% of the Total Exchange-
able Body Potassium (vith the Departmegnt of Physiology). In dogs depleted o

exchangeable body potassium by means of the artificiel kidney, hypotension

developed after 6 to 10 hours of dialysis. This hypotension could not be !
correlated with blood loss, change in body weight, or electrocardiographic

changes; nor could the blogd pressure be returned to normal levels by discon-

tinuing the dialysis apd resorting to blood transfusion.

It is believed that with potaseivm depletion intercompartmental shifts
in body water might occur as a resuwit of changes in the permesbility of the
cell membrane. It is assumed that intracellular potasgium is not entirely
osmotically active nor completely diffusibie. It is believed, however, that
intracelluiar sodium is campletely diffusible and osmotically active. The
intracellular depletion of potassium i foilowed by an increasse in intra-
cellulsr sodium. Since the sodium is campletely diftusible and since concen-
trations of sodium and potaseium on either side of the semipermeable membrane
hecome more nearly equal apd since intracellular potasgsium depletion impairs
processes of the cell, 1t 1B believed that there is an increase in cationic
exchange across the cell membrane. As a result of this increased interchange,
it 18 theorized that there is slteration in the diffusion of water between
cells. This theory ls potentiated by clinical studies which have revealed
that, in intracellular potassium depletion, there is an increase of intracellu-
lar sodium end hydrogen zon concepntration.

Results. In 4 potessium-depileted dogs studies were copducted on blood
volume, using Tv1824; on extraceliular fiuid space, using sucrose; and on the
equilibration time of deuterium oxide. These studies were done 2 weeks before
amdd 12 hours after depletion of approximatery 124 of the animal's total ex-
changeable body potassium. Atter incompiete evaluation, it appears as though
the blood volume znd extresceliutlar i.uid spece do not change signiticently but
that there is a gigniricant incresse in eguilibration time in potasgium-depleted
dogs.

Renal Function in Patients with Chronic Rensl Digease before and after
Dialyeis with the ATtificiel msz. There exists No definitive evidence that
ielyeis in such patients does any more than relieve the patient symptamatically
by virtue of a change in chemistries and eiectrolytes. If it can be shown
that renal function tests are improved after the use of the srtifieiml kidney,
then the ratiomsle for dialyzing patients who have chronic rensl disease would

be more secure. It is planned to continue to perform urea, creatinine, and
phenolsulfonphthalein clearances before and after dialysis.

Effect of Desoxycorticosterone Acetate on the Electrolyte Concentrations of
Hupan Salive. Salivery determinstions of sodium potassium can be used as
indices of adrepsl corticsl steroid activity. Patients who have an increased
gquentity of circulating cortisone or ACTH characteristicelly show increased
potassium end decreaged sodium concentrations in salive. Conversely, patients
with decreased quentities of circulating cortigone or ACTH show increased
podium and decreased potassium concentrations in seliva.

b6
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It has also been cbeerved that maintalning normals on low sodium dieta
will lead to decreesed sodium and incressed potassium calivary concentre«
tione. It is thought by some that sslt restriction stimmilates the sdrensl
cortex to produce DOCA which in turn accounts for the salivery findings.
However, it hed never been proved thet the administration of DOCA will affect
salivary electrolyte concentration; this study examined sodium and potassium
excretions in saliva before, during, and after sdministration of this sub-
stance.

Turnover Rates ¢f Iodlnated Albumin in Burped Patients. Humen serum
albumin labeled with radicactive lodine appesrs well suited for use as a
tracer in s study of the rate of albumin turnover In burned as sgalnst normals
in an effort to elucidate the mechanisms of the severe protein loss seen in
the acute postburn patient. To date such tracer doses have been administered
to 7 normsel snd 6 convalescing burn patients. Lugol's solution is given in
order to block the uptake of degraded radiciodipe by the tbyrcild. Thess sube
Jeets were followed for approximetely Ll deys with dally blood samples in
addition to complete 2l-hour urine collections. Deily in-vivo measurements
vere made with a scintillation counter. -

Results, Anslysis of plasma disappesrance rates indicates that in all
of the subjects, with 2 exceptions, the haif-life of the injected serum slbumin
ie 7.7 deye with a standard deviation of 8%, The exceptions were in normals and
showed longer half~lives of 9.3 apd 10.3 deys. Urine data indicate that the
appesrance rate of the degraded radiosctiviiy has a half-time epproximetely 2
days faster than the disappesrance rate of the material from the plasma.

The externsl radicectivity measurements obtained on these patients yielded
resulis somewhat difficult to interpret. Dissppearance rates of the radio-
activity as messured in vivo could not be correlated directly withBny of the
ratea obtained from the Urine or plesms determinations. The dAifficulties
were due to the fact that the measurements were being made of an “extended
gource” of radiosctivity as compared to measurements usually mede over a
relatively smsller socurce, usually considered 2 "point source."™ Prelimibary
analysis of these data indicated & relation as yet not clearly defined (and
previously unsuspected)} between 2 parameters of an inverse squere relatione
ship. Studies are now underwey utilizing a "phantom™ which simmlates, under
exactly controlled conditions, the situstions met clinicaily.

Several additional groups will include burned individusls who are in
relatively acute stages apd chronically ill end convalescing patients.
Because of posaible variatjions in the lodinated albumin from lot to lot, it
will be necessary to study several normal patients ss controls.

Thyroid Function in Burne. Recent work has shown the presence in the
blood of the iodine-containing amino acid, tri~icdothyronine, several times
more potent than thyroxine in calorigenic action. This material is belleved
to be a2 breakdown product of thyroxine. The site of deiodination of thyroxine
is unknown, although there is reason to believe thig].the liver might be im-
plicated. An answer might be obtained by adding I *-lebeled thyroxine to
the perfusate of an isolated liver preparation and examining the effivent and
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bile for evidence of deiodinated products. Chrometographic techniques have
been worked out for identification of some of these materials; perfusion ex-
periments will be caerried out soon. Methods ere being established to deter~
mine total exchangeable sodium end potassium using isotopes of these elements.

Urinary Peptides in the Urine of Bwrn Patients (continuation of Nature of
Unidentified Nitrogenous Materials in Urine of Burn Patients). The remsining
part of the project, concerned with the excretion of purines and pyrimidines,
will be contioued at AMSGS. The purpose is to determine how urinery peptides
in burn patients differ from those in normals and what carrelation can be
found between output and prognosis.

Results. The peptides were fractionated by making the dinitrophenyl
derivatives and fractioreting, eccording to Woolley. Paper chromatography
explored qualitative differences between normal urine and that of burn patients.
These differences were found: (1) 1 of the 2 peptides from "fraction 3" is
not found in normal urine; (2) normal urine ylelds less peptide in "fraction
L-5" and does not contain the glycine and 2 other unidentified amino acids
that are found in this frection of urine from burn patients.

Measurement of the Rates of Protein Ansbolism and Catabolism by the use

of §35-—1&beled Methionine 1s proceeding slong 2 lines. Intravenous injection
of labeled methionine into rabbits is being done under control conditions.
Radioactive levels are determined for the circulating albumin and globulin
proteins. The rise and fall of such levels with time represents the balance
between protein synthesis and breakiown which ocours in the normel control.
Estimates of ihe rates of anabolism and catabolism are then caleculated, and
will then be compared to the rates of anabolism and catebolism calewlated for
the same animal under experimental conditions of trauma. A control series has
been finished. In addition to blood samples, urine must be collected to come-
pare rates of excretion with fluctuations in the blood levels, providing a
valuable double check.

The 2nd phase involves injection of the labeled amino acid into humans,
both normals and those vho have received extensive trauma, such as burns. The
rates of protein anabolism and catabolism in the normal and traumstic atate
are compared. Injections of growth hormone after trauma have shown in these
lst tests that the toial rate of metsgbolism is shifted markedly towerd the
ansbolic side when measured by the yardstick of radioactive methionine. It
is hoped thaet problems of putrition, such as the maintenance of positive
nitrogen belance after extensive trauma, will be clarified.

Study of Protein Catsbolism Rates by the use of 1131 rabeled Human Serum
Albumin in some ways is supplement e:g to the estimation of over-all protein
metabolic rates through the use of J.1sbeled methionine. It differs from
the sulfur stwly in that the protein catsbolism is more clearly differentiated
from protein anabolism.

Results, Rates of albumin catabolism have been calculated by precise
curve-fitting techmiques applied to the graphile time~course of plasma radio-
activity for 17 human subjects for about 2 weeks. About half have been normal
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controls, the others consisting in the main of convalescing patients. The
rates of albumin degradation for the 2 groups reveal no significant statise
tical difference, the combined mean rate showing a half-life of 8.0 days
with a 13% variation among individuals.

The rate of accumulation of radicectivity in the urlne was followed as
a double check against the rate of loss of radiocactivity in the plasma.
Urine accumulation is faster than plasma degradation, showing a half-life
of accumulation of 5.4 days with a coefficient of variation of 4%. This
unexpected discrepancy led to the postulate that albumin is stored in some
depot other than the extracellulsr Ffluld — presumsbly some organ depot.

External Counting of Radioactive Iodine as a Measure of Absolute Uptaeke

of 133 .rabeled Compounds. The conventional chemical estimates of the rates

of alhumin degradation with iolinated human serum albumin based on urine and
Plasma samples are beilng compared with those cbtainable by external coumnting.
Apparatus 1s being constructed to minimize the fluctuations resulting from
experimental technigue. It 1ls hoped to develop an exact procedure for relating
external counting to absolute guantity of redicactive material within the body.
The number of plasma and urine samples necessary for patient study will thereby
be minimized.

Estimation of the Mean Life of the Red Blood Cellg using Radioactive
Chromium. To help discover the causes o e aremin ch occurs er gevere
burns, this procedure was devised., After a volume of red cells has been tagged,
the cells are replaced in t];i circulating blood of the individual. The sub~
sequent excretion of the Cr-~ into the urine is a measure of the aging and
disintegration of these tagged circulsting red cells. By utilizing problt
analysis, the mean life of the red cell may be determined afier % 2 or 3
weeks of measuring urinary chromium excretion. This provides 2 advanteges)
Il) the mean life of s group of cells which may be close to 100 days can be
determined by probit extrapolation after a relatively few days; (2) it permits
estimating factors of increased or decressed cell fragility when these fectors
may he present for only a short time.

A protocol is being drawn up to test the red cell life in dogs under
varying conditions, such as splenectomy. Humen studies will compare the red
cell Life of the normal with that of the early post-traumatic individual.

Volumes of Distribution of Inulin, Sucrose, Thiosulfate, Deuterium Oxide,
and T-1804, end of the Total Exc@ée§§ Sgium @ Eo@smm E the n@
State and in Thermal Trauma. New work comprised the atudy of means by which
the volume of distribution of sny particular substance applicable to the
measurement of extracellular space can be expressed independently of the con-
centration of the infusate and the rate of injection. Physiology Section's
investigator derived an equation for the calculation of this volume which has
given results (with sucrose and thiosulfate) of the same order of magnitude,
despite wide ranges of concentration of the infusates ani/ar rates of infusion.
A planimetric technique has alsc been developed for this purpose. Apparently
it is applicable to situations in which the rates of infusion and concentration
are slower (and/or lower) than s maximum which appears to be characieristic

of any 1 species.
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Duplicate determinations of the volumes of distribution of T-182k,
inulin, sucrose, thiosulfate, and deuterium oxide in 10 normsl individuasls !
were completed. This group of runs serves as a check on reproducibility of
the methods. Precision proved to be good.

Changes in Volumes of Distribution of Thiosulfate, ;. Sucrose, Deuterium
Oxide, and the Total Exchangesable - Totassium, and in the Rate of Equilibration
of Heavy Water Resulting from Potassium Depletion. FPotassium depletion in
dogs is produced by dialysis on the artificial kidney containing zero concen~
tration of potassium In the bath. A control space study and deuterium oxide
equilibration curve are done several days before dialysis. The dialysis is

conducted for & to 8 hours, during which pericd about 8 to 204 of the total o
exchangeable potessium is removed. At the end of dimlysis, a repeat space '
study and deuterium oxide equilibration curve are obtained. The dog is re- g
turned to the cage and repeat studies are done 24 hours postdialysis. b

The results appear to indicate gquite definitely that the depletion of
potassium (by anmlysis as described in the 1952 annual report) will result in £
a marked increase in the rate of water equilibration. This conclusion is b
based on only 2 depletions, plus 2 dialyzed controls. However, the changes "
were s0 definite and reproducible that there appears to he little doubt of (
their validity. Additionel runs are planned, esnd asn effort will be made to Ec,e
determine the length of time such an effect ¢can be demonstrated. This Infor- er
mation appears t0 be of real importance to the wmderstanding of the physiolo- cs
glc syndrome of "chronic shock™ and of hypokalemic states. o
FUTURE. Work will be continued es indicated. w
REFERENCE. Reiss, E. et al., "Terramycin in the Treatment of Perltenitis M Lo
AM.AT Arch. Surg., 64:5, 152, o
bo
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Project Yo, €-59-12-21 NOT »OR PUBLICATION
Contract No. MD-4%5 Report Dete 30 June 1953

Trestmwent of Burns

Dr. Herver 5. Allen
Worthegstern University
Chicego, I11.

SRIEF. The purpose is to meke corperative clinical studies of the "expo-
sure method™ and closed methods of treatment of burns, with emphasis on the use
of pressure dressings. The time-course for natural recovery of the circulating
proteins and formed blood elements, as related to the size and severity of
burns, will be determined; attempt will be made to use this information to
formilate general rules for txensfusions end protein replacements, when the
number of casualtiss is too large %o follow cases by laboratory examinations.

PROGRESS. During the quarter sndlng 31 March, €6 turn cases were hospi-
telized, This group did not show any unusual incidence of shock or whole-
thickmess burna. This period proved very difficult for management of burns in
children because of the high incldence of upper respirstory infsctions and acute
contegious diseases, which have been especlally troublesome.

The study of open fractures snd whole-thickness burns is being completed.

The new burn dressing her been usad on all types of cases during the past
6 months. Unfortunstely, it doss not fulfill requirements which were originally
submitted. Part of the difficulty is due to the fact that the cotton is next to
the fine mesh gauze, which mekes it impossible for this dressing to become
affective.

The attempt was made %o follow varieus outlines for shock therapy on burned
patients, but it has become epperent that one cannot uniformly use e formula,
particularly for the children. Purn shock 1n children is a very difficult
problem. Anvone who has t‘rested large numbers of children becomes lmpressed
with the futility of relying upon e formula for their mansgement. In many adults,
because of their greater hlood volume, it is felt that there 1s a poasible expan-
sion and contraction of bleood volume which has compensated for over- or under-
treatment. Such a compenssticn by children is not pogsible; therefore it becomes
necessary to properly trest children for burn shock by observing them for clinical
signs which can bs easily correlated with urinary output, ete. It has not seemed
logical to make these burms conform to a formula, disregarding the variatlons in
types of burns and the varistions of the indivldual's response to a burn. It hes
not seemed right that so mxh relisnce is given to formulas in treatment of burn
shock. This appliss not only to the isolated civillan injury but to proposed
shock therapy in the event of = catestrophe. It is not believed that formula,
or reliance upon formula, ls = practical approach to this problem.
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Project No. 6-59-12-21 NOT FOR PUBLICATION
Contract FNo. MD-190 Report Date 30 June 1953

Burns Involving the Respiratory Tract

Dr. Julius Comroe, Jr.
Undversity of Pennsylvania
Philadelphis, Pa.

» The purposes are: to define the nature of the direct and reflex
offects of heat and products of combustion applied to the upper and lower
respiratory passages; to devise methods for early disgnosls of damage to the
lower resplratory tract; and to determine the effects of certain proposed
methods of treatment.

PROGRESS. Reflexes from the Regpiratory Tract to Cther Parts of the

t t. It has been shown that 5-DH-tryptamine, a chemical released
during the disintegration of platelets, can produce reflex bradycardia, hypo-
tension, apnea, snd bronchoconstriction when placed in contact with special
receptors In the pulmonary or coronary cireulstion of cats. The possibility of
local liberation of this materisl as a result of thermal injury waa considered.
Since then 5-OH-tryptamine has been injected intravenously rapildly in men to
determine whether simllar effects would be produced by it in man. They were
not, In man, apparently, 5-OH-tryptamine stimulates carotld and aortic chemo-
receptors to a much greater extent than it does the thoracic chemoreceptors,
and hyperpnes and hypertension predominate--instead of apnea and hypotension,
as in the cat. It is ptill not kmown whether local liberation of this substance
in the lung of man leads to serious reflex disturbance.

Bronchologlsts and anesthesiologists belleve (from clinical impressions)
that slight injury to larynx leads not only to laryugospasz bui to bronchospasm
as well. It has been reported from this laboratory that intenss thermal Injury
to the traches and lower respiratory passages produces at least temporary
bronchial obstruction. Recently in cats and dogs, 1t proved possible to separate
the upper and lower respiratory tracts in such a way as to avold damage o nerves,
This was accomplished by a longitudinal inclsion of the lsrynx just long enough
to permit insertion of 2 soft rubber tubes, 1 pointing upward toward the larynx
end the other pointing downward toward the Iungs. Two procedures were carried
out: a) irritents were appiled to the upper tract while the compliance (preasure~
volume curves) and viscous resistance of the lung-thorax were measured and
b) irritents were applied to the lower respiratory tract while the resistance to
the flow of air through the upper tract was measursd. To date, in lightly chlora-
losed animals, no evidence has been seen of reflex airwsy obstructlon. However,
irritation of the upper respiratory tract has produced reflex flattening of the
pressure-volumé curve of the lung-thorax (decreased compliance), presumsbly
becauee of increaged tons of the thoracic muscles. This may explain the difficulty
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met by soms anesthesiologists in inflsting the lungs even after laryngospasm
has been by-passed by the procedure of intubastien,

A treacheal divider was introduced intec dogs 1a such a way that air stream
to the 2 lungs was completely separated. To date, the inhalatlion of irritants
into 1 innervated Iwmg hes not been followed by any demonsirable alrwsy obstruc-
tion in the other lung, which alaoc has its nerves intact. It is realized that
anesthesla msy be depresaing pulmonary reflexes; the aeffect upon asirway resistance
of inhalation of wild irritants 1ln man is to be atudied.

Objective Methods for Evalustion of Therapy following Heat Injury to the

lower Respiratory Tract. A cuvette oximetsr has besn obtained for continuous
neagsursment of arteris) oxygen saturstion. A control box has been designed and
congtructed and s Liston amplifier has been obisined to permit recording of the
srterlal O, saturation on the 8 channel Grass EEG, slmultaneously with blood
pressure and respiratory messurements. The oxlmeter 1s being calibrated.

Effocts of Thermal Injury upon lung Reflexeg. In order to test for the

pressnoe® or abssnce of functioning pulmonery stretoh receptors the animal was
put into a body plsthysmograph with the trachesl cannula connected to the outside.
Respiration was recordsd on a rapldly moving paper. Negative pressure (about 2
inches of water) was then created inside the box by suotion. This maneuver con-
gistently slowed the respiratory rate for 1 breath. If the vegus nervea wers

cut or blocked with procaine, this effect wes not observed but would return

following removal of the block,

Pollowing the delivery of steam to the resplratory tract, & of the 8 tests
on different cata showed that this reaponse wes no longer obtained, thus indicat-
ing that heat injury had inactivated the pulmonary stretch reflex. Ten testa in
7 oats, employing pir by the same technique and at the same pressure, did not

lead to any changs in the Haring-Breusr pulmonary etretch reflex.

Effects on lung Compliance, Determination of the slope of the lung complisnce
curve was sttempted by meamuring the intrathorsolc venous pressurs at the moments

of apparent zero flow obtained at end-expiration and end-inspiration. Thus the
volumwe and pressure changes between these 2 points could be obtained and charted.
Steaming decreased tewporarily the alope of the lung complliance curve. This effect
of steam was inoreased by the appearance of froth and decreassd by its effectlve
aspiration from the trachea and larger bronchi,

The obsarved changes in limg complisnce may result from complete regional
closure of bronchi, obstruction by edema, and/or changes in pulmonary blood volume.
The appearance of thess changes in = matter of seconda afier steaming and their
immediate improvement would seem to point towerd complete closure of some bronchi
as the primary effect. This possibility was demmstrated by determining the lung
compliancs curve with and without a rubber catheter aivanced intoc a bronchus.
There was a marked flattening of the curve in the latter cass, with a return to

normal following removal of the catheter.
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In a few cases, the preassure-volume loop was measured during qulet breathing
befors and after steam (pressure = intrethoracic venous pressure; volume = change
in thoracic volume). A large increase in the area of this loop was observed
after the Inhnlation of steam. This may be attributed to bronchoconstriction
and/or airway obatruction.

Use of Fndotraches] Tubesg. Further studies have been done, supplying air
or Oy at low flows to the lower respiratory tract through the tracheal cannula

(Meltzer-Ausr technique). Unless great care is taken to introduce a very small
tube and to use low ratea of flow, hyperinflation of the lungs occurs, along

with an increase in intrapulmonaery pressure snd ita attendant cardliopulmonary
offecta. This danger 1s a real one in patients wlth burns of the lower respira-
tory tract because tracheal edema will severely limlt the size of the tracheotomy
tube; further encroachment upon the alrwey by a swtlion tube or an oxygen catheter
may lead to hyperinflation of the lunga.

FUTURE. Bwphasis will be placed on the produwtion of severe enough heat
injury to the lower resplratory tract to produce some pulmonsry edema end a
decrease in arterlal O, saturation (measured continuously by a cuvette oximeter,
recorded as desoribed). It ie planned to eveluate aerosols (antifoam agents,
bronchodilators, vasoconstrictors), positive pressure breathing, and aspliration
as therapeutis measurea.

I4 18 hoped to study the effect of inhalation of hot alr saturated with
water vapor and mlld respiratory irritents upon umanesthetized man.
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Project No. 6-59-12~21 NOT _FOR PUBLICATION
Contract No. (Yevy Contract) Report Date 30 June 1953

Thermal Burns

Dr, Oliver Cope
Magg,. Gen. Hospitﬂl
Boaton, Mass.

BRIEF. The objective ia to study the local burn and its exudate in order
to determine the basic dsrangements and to develop local therapy. Homologous
sidn grafts as a temporary life-saving measure are to be investigated end metab-
olie studies, using radiosctive tracera ars t0 be made.

PROGRESS. (Semiannus) report to 31 December 1952). The studles are
divided into 4 aspecta: the wound, shock; metabolism, end infection.

A. The Wound.

Effect of Tempersiure and Humidity on the Rate of Wound Healding. This
ig a basic project directed toward a solution of the problem of the open versus

closed treatment of the burn wound. A presumed advantage of the closed therapy
is that the bandage protects the wound from conatant bapterial contamlnation,
The wound, however, is maintained werm and moist by the dressing, and these
conditions encoursge bacterlal generation and growth,

The open therapy, on the other hand, exposss the wound to continual
bacterlal contamination; but the wound ia cooler snd tends to bs dry. Thege
latter conditions should tend to limit bacterisl growth,

o et o e A gy o,

The temperature and numidity of the wound should alse affect the rate
of epithelial generation and spread. A warm moist wound may ald the multiplica-
tion of epithelial celle end their upread over the surfmce of the wound. Coolneas
and drying of the wound may delay cell multiplication and spread. If these
hypotheses are correct, the advantages of 1 method over the other mey be canceled
out by the dissdvantasges and the 2 theraples may ba equal or nearly aqual in the
long run. There was devised here an air-conditioning apparatus to be used ai

the bedslide which controls temperaturs and humidity. The srm or leg of a patient
on whom e donor aite wound has been made can be maintained in the elr~conditloning

chamber and the rate of healing studied. Thess wounds are contrelled surgical
wounds and free of clinical infection. The obmervations, therefore, relate to

epithelisl regeneration.

Wound Healing in Patlents with Cushing's Diseage. FExcessive adrenal

cortical activity induced by ACTH has been found by others to delay fibrous
healing in animals. In this study there was noted repressed inflammatory
reaction in patients with arthritis treated by ACTH and cortisone and umcontrolled
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infections in patients with Cushing's disease, a diseasme due to excesalve
adrenal corticel hormones. Thers has also been noticed an occasionsl florid,
inflammatory-like reasctlon in the heeling surgical wound in a patient who has
beent relisved of Cushing's diseass Ly resection of an adrenal cortical adenoma.

AL steady stream of Cushing's dlssase cases to thls clinie auggested
the advisahility of observing wound hesling during the phass of active hyper-
cortinism and comparing it with the postadrenalectomy phase when the dlsesse
is in gbayancse.

B. Shock - Fluid Thersapy.

Whole Blood Versus Plasma ag the Colloid Ther of Chelce. Thin
question is being investigated from 2 angles: a) the effect of the rising
viscoslty of high hematoerit blood on blood flow, and b) a better laboratory
method using radlosctive chromium to determine the red cell mass and the need
for red cell replacenent.

a} The hematocrit of the whole blood rises as a result of s burn.
If whole blood rather than plasma is used ss the golleld replaceament therapy
of the burned patient, the high hematoerit is msintailned or further slevated.
The viscosity of the blood varles directly with the hematoerit, This was true
in experimental and human burns. It remained to be shown whether the.morse
viscous blood retards blood flow, Even if the blood flow 1s reterded by the
increased viscosity it must be recognized thet the more vlscous blood with 1te
high hematocrit has a greater than normal oxygen-carrying capascity., This could
permit greater oxygen utilization by the tissues and although the blood flow
was reduced the tissues might receive the same amount of oxygen.

In burned dogs thers was measured the Blood flowlng out of the
gevered internal jugular vein. The blood fiow of the mere viscous blood was indeed
reduced and also the oxygen utilizstion from each cc. of blood was lncreased.
Thess sxperiments do suggest that the 2 effects may cancel esch othar out, as
far as oxygen utilizatlon is concerned, but they show such variation that it ia
not possihle to eonclude whether high hematocrit blood ie good, bad, or indifferent.

The blood flow method is full of loopholea. The organ chosen, the
brain, may not have been a good choice. The flow of blood was variable under
identical, spparently controlled circumstances. The cireuletion to enother
organ, perhaps uasing snother method for the messurement of blood flow, needs to
be examined.

b) The use of radiocactive chromium introduced by the Harverd Bio-
physical Laboratory in the measursment of the red cell mass has been confirmed
here to be the most accurate method available. Experiments in burned doga
indicated that not more than 12% of the red cell mass is hemolyzed by an exten=-
sive hot water burn. These observations tend to confirm earlier ones that used
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the dye volumes method snd are st varience with those of Evans, using the p32
rod cell measurement.

The blood wvolume of mcngre%ldogs was determined before and after
govere thermal burns by injsction of Cr”"-tagged red cells mnd the meximum
mensured difference in blood volume has been used as a measurse of erythrocyte
destruction. The mmximum erythrocyte destruction has been found to be dependent
upon the severity of the burn. Eight dogs subjected to 50% body surface burn
(immersion in water at 85° G. for 30 seconds) showed an average erythrocyte
destruction of 8% of the original red cell volume; 3 dogs subjected to 50%
body surface burn (immersion in water et 85° ¢, for 3 minutesi shomed an aver-
age serythrocyts destruction of 9%, The 3-minute immersion causss a dsep
destruction of muscle far more severe than that uwsually observed in chance
thermal burns in humens. The 0-second immersion is lethal for an untrested
dog in 4 to 6 hours end is felt to be comparable to the Ird-degree burns
commonly observed in chznce thermal bhurns in human beings.

Probebly the red cell destruction caused by severe thermal burns
in humans is of the order of megnitude of 8 to 10% of the original red cell
volume. Determinations of the red cell volume in burned human patients are
being done by the cr5l erythrocyte-tagging technique developed in this study.
A rether larpe series of determinetions in normals and in burned patients will
be needed before conclusions cen bs drawn.,

The chromium methed has elso bsen used clinically in 9 patisnts
with extensive burns, Here agein the masa of red cells destroyed initielly by
the burn 1s prodebly not over 10 to 12% of the expected normsl mass for these
patients. The need {or whole blecd or red eell replacement in the initial
shock therapy of the burned petient would therefore seem t0 be minimsl hut more
patients need to be studied.

This need¢ for red cell replacement in the lst hours after injury
contrasts sherply with the later need for red cell replacement ns infection
develops in the wounds. In this later phass, after /& hours, red cells may be
lost rapldly =nd tremendous volumes of whols blood are needed. In patients
vwith extencive iInfected woundes as much and mores than 500 ce. of whole blood per
day mey ba rejulrei frr 1 or rere weeks at 2 time. A continued detailed study
of more patients ie being cerrisd ont as laborstory time and facilities permit.

Yolume pnd "eed for Fluid Therapy = Radicactive Sodium Versus
Thiocyanate in the 'eesursment of Extrscellulsr Space. Using both methods,
extonsive ohservetions rere dome in patients comparing the rise and disappear-
ance of edema volume. The 1st irpression was that the radicective sodium gpace
expanded more briskly end to a greater velume than the thiocyanate space. ‘'ith
further observatirna this hzs not proven to be correct. The two ions apparently
still mensure the seme spmce. Differences were due to lahorstory difficulties.
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Edema Volume end Need for Sodium in the Shock Therapy of the Purned
Patient. This new phase, a re-investigation of the need for sodium in shock
therapy of burned patlents, was instituted because of the high mortallty rate
in burned children treated under the present concept and in order to test tha
views of pediatricians st thls hospital who sre suthorities in fluld and electro-
lyte therapy of children. Some workers have felt that large amounts of sodium
in the form of sodium lactate form the crucial element of the shock therapy of
burns. The investigator's view to date has been that sodium should be given in
the normal concentration of extracellular fluid in an amount equal to the
sxpected burn edems volume. Burn edems is an obligatory edema. Faillure to
glve a volume of fluld equel to the volume of burn edame would result in dehydra-
tion elsewhere in the body. Fallure to give an amount of sodium squal to that
in the obligatory burn edema would result in sodium depletion elsewhere, in
amount of sodium im excess of this would csuse a higher than normal concentrsa-
tion of sodium in noth the burned and unburned parts of the body. The belief
has been that survival of the burned patient in the initial hours after injury
depends not so much upon what happens in the burn wound as upon the unburned
tissues and orgens. Healthy, normsl action of these organs should depend upen
the maintenance of a normal environment, which in turn should depend on giving
that amount of sodium needed to maintain this normal state.

The pedlatriclians belleve too much sodlum has been given, They point
out that the sodium given s therapy must be excreted later through the kidneys
{a minor portion by the gweat glands) as the edems of the burn wound is rssorbed.
In soms patients this edema resorption takes place rspidly after the 36th hour
and when the edema volume is large this presents the kidney with the enormous
problem of excrsting all of this sodium. The sodium is at isotonic concentra~
tion, & concentretion too great for the kidney to excrets. Extre water is nesdsd
for excretion and flooding of the patient is proeduced. Extensively hurned
children have proven a most difficult problem, acknowledgedly more difficult
then the burned adult. An extenslve serlies of experiments is getiing under way
to sxamine more critically the need for sodium as a part of fluid therapy.

C, Intermedlary Metsbollism.

The widespread changes in intermsdiary metabollism of the traumatized
patient continue to be emphesiged. For a discusgion of the role of ACTH and
cortisons in the therapy of shock, reference is made to the 2nd article listed
following this report,

Observations on the prolonged elevation of metabolic rate encountered
in the geverely burned patient, its relation to the wasting of the patient, and
the roles of the sdrsnal and thyroid have been published. The abb and flood of
the eosinophils in the burned patient and their use in clinical menagement have

8180 been descrlibed in print,

Pgttern of Urinary Steroids. Drs. Lewis Engel and Ira Wathanson con-
tinue their collasboration in this study. There is an initial burst of
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17-ketosterolds which usually ceases in 7 to 10 days, the level returning teo
normal for the remainder of the illness and convalescences There is a continued
rise in the corticolds and, surprisingly enough, in the estrogens. This latter
has not previously been described. The findings in the burned patient will be
compared with those in sevsral petients with Cushingls disease. The proposed
comprehensive analysls and comparison with Cushing's digease will be a big step
toward understending the role of the adrenal cortex in burns.

The Intermediary Hitrogen Metabolism (e reoriented and expanded project).
As & part of the sterold snalysls and a5 a check on the 24{-howr urine excretion,
the urine of the burned patients was analyzed for both creatlnine and cresatine. \
It was found that the burned patient excretes large quantlties of creatine, a )
substance not present in the urine of the normsel person. This ereatinuria has
not previously been described, but has been confirmed in all extensively burned
patients thus far tested. It obviously stems from an Important derangement in

nitrogen metabolism.

This finding has been extended into an enalysis of the urine of burned
petients for the various amino acids. There was demonstrated en outpouring of
g greater thean normal quantity of the few nonessentlal amino aclds and of an
equally great quantity of sssentisel aminc acids, none of which appear in the
urine of normals. The excretion of both nonessential arnd essentlal amino
acids 1s larger than would be expected from the Increased nitrogen excretion of
the burned petient. Therefore, not only is the total amount of nitrogen
exrreted in the urine greater than normal, but there iz an sbnormally great
concentration in the partition of this nitrogen of nonessential and essential

amino acida.

The following 18 an abstract of a paper for the American Scciety for
Clinical Investigation:

Seven hospltallzed patients, exitensively burned, were placed on nitro-
gen balances and their urinary amino acld excretion studied by paper chromato-
graphy. The quslitstive and quentitetive aspects of this amino-sciduris appear
to correspond to the severity of the burn. Though the greatest amino-aciduris
coincides with the period of greatest nitrogen loss, it is out of all proportion
to the latter and suggests that in the negative nitrogen phase of bwrns the
nitrogen-contalning components are not excreted proportionally.

The smino-sciduria has besn studied in 3 patients with active Cushing's
disease in order te elucidets the role of the adrenal hormenes in producing the
increased excretion in the burned patient.

These exciting findings led to a study of the total nitrogen partitlon

of the urine of the traumatized patient and of the petient with Cushing's
diseass., It seems certain to yield important informstion regesrding the upset
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in nitrogen metabolism going on as a regult of the traume snd the rols of the
adrenal cortex in thls regard.

The disposition of the 535-tagged amino acids in the body flulds and
various tissues is being measured. The partitlon of the tagged amino acid is
also being quantitated in the patient with Cushing's disease. It is hoped to
determine agein the rols of the adrenal cortex in affecting the amino acid |

distribution in the body. :

D. Infection,

The 1st activity in this field is o doeument the bacterial flors and |
to carry out repeated blood cultures in some of the more saverely burned patients. !
The 2nd project is a pilot study of the use of a highly bactericidal agent, a ;
mer¢urialated cholesterol compound belleved to offer much promise in certain
types of infection, Being fat soluble, it can penetrate the membranes of bac-
teria. Mercurial compounds, however, are potentlally toxic to the organism if
absorbed in excessive quantities.

FUTURE., Work will be continued as indlcated.

REFERENCES. Vight, A. et al., MAdrenal Hormones and Increased Capillary
Permeability of Burns," A.M.A. Arch. Surg. 65:309, 1952,

GCope, 0., "The Role of ACTH and Cortisone in the Treatment of Shock,"
J. Indiang State IMed. Assoc. 45:485, 1952.

Gope, O. et al., "Pheochromocytoma and Adrenal Cortical Adenoma: Report of
a Case with Both Tumors and Discussion of Their Relation," J. Clin. Endocrinol.

& Metab. 12:675, 1952
Juinby, W. C., Jr., snd Cope, 0., "Blood Vizcosity and the Whole Blood
' Therapy of Burns," Surgery 32:316, 1952.

Wight, A. et al., "The Ebb and Flood of the Eosinophiis in the Burned
Patient and Their Use in the Clinical Management," Ann. Surg. 137:175, 1953.

Cope, 0. et al., "Metabolic Rate end Thyroid Function Following Acute
Thermsl Trauma in Man," Ann. Swrg. 137:165, 1953.
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Projact No. 6-53-12-21 NOT FOR PUBLICATICN

Contract No. MD-493 Report Date 30 June 1953

Ronal Dyasfunction following Thermal Injury

Dr. Michael DeBakey
Baylor Unlversity
Houeton, Texas

BRIEF. The purpese of ithis work is to study wrea, para-aminoe hippurate,
insulin, and redicective sodium (24} clearances in burned animals and humans
and to correlate these data with renal blood flow and urinary output, in order
to determine the extent of rensl dysfunction following thermal injury.

PROGRESS. Included in this report 1s a summary (as of 28 February 1953)
of recent renal function studies in geverely burned patisnts. In thesze 10
studies on 6 severely burned patients, glomerular filtration rates tend to be
normal or increased. Determinations of renal plasme flow are for the most part
within normal limits. Maximel tubular excretory capacity is normal or slevated.
As in previocus work here, data obtained suggest an elavated glomerilar filtration
rate during the early acute phase of adequately treated burned patients.,

There has now been standardized the equipment necessary for performing
within thls laboratory detsrminations of the whele blood volume. Thls technlque,
utilizing radiclodinated buman serum albumin and a Texes well-type counter, ls
now in satisfactory operation after initlal difficultles. The Radloisotope
Laboratory, Veterans Admlnistration Hospital, Houston, gave technlcal advice.
This report also includes rensl function studies of 6 patients who received
1000 cets of PYP deily for a total of 6000 ce's. In 4 oub of & instencaes de-
greases in the g were observed, It is believed that these decreases are
transitory, but thelr clinical significance remains to be determined.

Additiopal studies on megmesium metabolism suggest that megnesium may
replace potassium within the eell. Twelve patlents given 1/10 gram per kilo
of magnesium intravenously demonstreted a consistent gradusl rise in serum
potassium from an aversge of 3.77 mEq/L to 4.06 mEq/L at 24 hours. Approximately
35% of the injected magnesium was retasined at the end of 24 howrs, a major por-
tion of this baing within the cell. Clinical studles confirmed the relative
rarity of magneaium deficisncy snd emphasized the rigld control to which the
gerum level of this lon is subject, Hypermagnesemia was observed in 2 instances
associated with the renal retention. ‘

FUTURE. It is believed that the pattern of renal functional response in
the adequately treated severely burned patient is now well-estgblished, and
furthermore the occurrence of increased rates of glomerular filtration in the

sucoessfully treated burned patient is assumed to be beneflecisl, favoring high

levels of urinary flow. Previous work hers and elsewhere sdequately demenstrated ;
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that oliguria associated with shock, as a physlolegic entlty, ie characterized
by reduction in glomerular filtration rate, renal plasma flow, and tubular
function, Tt is well-established that this reduction in renal funetion is
primarily associsted with a reduction in circulating blood volums, the correction
of which is followed by an increasc ln renal fumetion. In certain instances,
however, correction of circulating blood volume may not be followed by improve-
ment in renal functlon and it is concelvable that the proper use of a ganglionie
blocking agent such as hexamethenium might relieve the renal vasospasm and thus
improve renal function. It ls recognized that to be of benefit this agent must
be applied during the early howrs postinjury before snoxia of sufficient degree
has occurred to interfere with tubular function and after blood volume has been
replaced. It is hoped to gain Information with regard to this concept.

Using the multipls blood wvolume technique, fregquent precise determinations
of the totsl e¢irculating blood volume, the total eireulating red cell mass, and
total circulating albumin are carried out at frequent intervals postinjury. It
ie hoped to establish the normal response of the body to injury wilth regard to
these foctors and to determine what effect, if any, the addition of plasma sub-
stitute to therapy has on this fundamentel physiclogic responss.

It ia planned to evaluate the clinical effectiveness of certain dextran

fractions, prepared under the direction of NRC, and to compare their effective-
ness with thet of the current dextran conteining a broad span of molecular

woighta.
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Project No., 6-59.12-21 NOT POR _PUBLICATION
Contract No, MD-,02 Raport Date 30 June 1953

Extracellular and Totgl Body Water Exshange Ratep following
Thermal Injury and other Traums

DI'. Ban JQ 'ilBOn
Scuthmestern Medical School
Tniversity of Texas

Dellas, Texas

BRIEF. The objectlve 1s to conduet studles of extracellular and total body
water aexchange rates following thermal injury and other trauma,

PROGRESS. Progress consisted mainly of refinement and adaptation of equip-
ment presently available for determinations of radiocmctive 93% and deuterium
oxide; in the development of sultable differential sand integrel equations to be
employed in computing the multiphase equilibrium cuxves for the determineation of
transcaplllary movement of extracellinlar water, totsl body water, snd intra-
vagecular water; and in the training of technicians,

The lyophilizing and distilling train systems for the asparation of water
from blood wers checked and foumd to function satisfactordly. The falling drop
apparatus has been completely rebullt for greater accurscy. A4 speclal room has
been construnted fgr the apparatus, and other improvements made, The methed for
determination of S77 has been wodified using a Geiger-Miller (GS-6) scaler and
a Q-gas flowmeter so that 10 to 15 samplea of serum may be utilized for the
determination of the distributlon-squilibrium curve for sseh patient.

Proliainary determinations of the distribution-equilibrium curves for 8§33
indicate that if from 100 to 200 microcuries of $35 are injected intravenously
into an individual, the curve grossly takes the form of a 2~phase functlon,.

The initial rate is rapld and tends to assume an esymptotic form in about 15 to
20 minuteas, The 2nd slow msymptotie phass of the curve may represent loss from
the intravascular fluld in the form of excretion of urine, intrasellular entry,
or extracellular artravascular pooling or exchange, or to a lesser degree, deoay.
The traneposition of the movememt of extracelluler water, utilizing the single-
phase expounential portion of the eurve for distribution of 577 (Sheatz, G. C.,
and Wilde, W. S., Awer J. of Physiol. 162:687, 1950) and the pra-agymptotis fora
of the eurve for distribution of deuterium oxide (Fogelman gt al., Ibid. 169:94,
1952), will requirs a doubls intsgration, solving in each instance for the
constant of integration and then changing the equation to an exponential form.

The solution is in progress,

FUTURE. The plans are to observe the internal rates of water exohange in
patients suffering from shock dus to hemorrhage, severe selt-water deficit,
burns, and other traume. Whenaver possible, each patient will serve as his own
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Intravenous fluids to expand the circulating blood volume would be urgently
required in large amounts for atomic cagualties.
elements cannot be stockpiled because of short storage life and insufficient
supply. Plasma, albumin, and other derivatives are also subject to limitations
of supply and possible transmission of homologous serum hepatitis. Stable,
safe, effective, cheap plasma volums expanders which can be stockpiled in large
quantities are urgently needed.

21. BRIEF OF FROJECT AND (BJECTIVE

a. Brief. The objective is to investigate the characteristics, physiologic
effects, safety, and efficiency of the gelatins, oxypolygelatins, dextrans, and
polyvinyl pyrrolidones and to develop new and more effective plasma volume

Whole blood and its cellular

In the event of atomic warfare a mass of casualties suffering from shock
incident to burns, wounds, and hemorrhage would present an immediate problem of
profound magnitude. The use of blood and blood derivatives to expand the cir-
culating blood volume in the treatment of shock is a well-established principle.
Available supplies of blood and blood derivatives to meet this emergency would
be insufficient. It is, therefore, imperative that there be developed a suitable
product or products which can be stockpiled for use as plasme volume expanders

The idea of preparing and utilizing solutions of compounds or materlal
having ths colloidal and ommotic characteristics of plasma is not new, but no
completely satiafactory plasma volume expanders have been found.
ties involve the selection of a foreign materiel that will provide the desirable
characteristics of human plasma and be completely metabolized without mroducing
To be practical, a plagma volume expander should
also have sufficient stability to permit storage, distributicn, and administra-
tion under various enviromssntal and emergency circumstances.
and cost also regquire consideration.

The difficul-~

The availability

Several potential plasma expanders, notably dextran, FVP, and various gela-
tins, are available but there are many unsclved problems connected with each.
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Dextran, obtained from fermentation of cane sugar, was developed in Sweden after
the last war and vas used extensively in Furope for the treatment of shook.

Its melecular size may vary widely; this is undesirable. Efforts must be mads
to produce & product in which the molecular weight is controlled between narrow
limits, After intrevenous administration most of the dsxtran disappears from
the blood stream in 12 to ik hours. About 1/10 to 1/2 is excreted in the urinme,
bdut the fate of the remaindsr is still incompletely determined. Tracer studies
will be done. Toxic effects have not beem observed, bdut allergic reactions

bhave occurred.

Polyvinyl pyrrolidone (PVP), introduced in Germany during Werld War II, was
used extensively as a plasma volume expander. Like dextran, its molecular
size varies and its metabolic fate is unkmown. It is nonantigenic. Although
praaising, PVP needs much more study.

Various gelatins bave had wide use in this country. P-20, an ossecus gela-
tin has been thoroughly studied and found to be effective, dDut it has limited
Practioal use because of its gel state at usual room temperatures. Oxypoly-
&olatin, a chemically modified gelatin, shows same promise,

b. Apmoach, (1) Characterize both chemically and physically all plasma
volume expanders for the purpose of developing inspecticn and control methods.
(2) Attempt to modify the various plasma volume expanders to improve the shape
of their molecules and to centrol molecular weights within narrover limits.

(3) Develop amalytic methods fer measuring the plasma volume expanders in
body tissues, fluids, and excreta. (k) Determine the effects of the presence
of plasma volume expamders in the bedy on the reliability of standard methods
for bdlood analysis and om measurements of cell and plasma volumes. (5) Investi-
éate changes in expanders on aging in storage. (6) Produce radicactive tagged
materials for tracer studies. (7) BStudy the antigenic activity of dextran.
(8) Test the various plasws volume expanders in animsls, with attemtion to
safety, reactions, effiociency im restoring and maintaining dlood volume, value
in carrecting shock, metadolic fate, and effects on kidney, liver, reticule-
endothelial system, and other vital organs. Those products found to de safe
and effective will de similarly tested in normal humans and in those suffering
from shock. (9) Attempt to develop nev and more effective plasma volume
expanders.

c. 8ubtasks,

(1) Surgical Research Unit will test plasma expanders in animals and human
military subjects, particular attention to safety, reactions, efficiency
in restoring and meintaining bdlood velume, value in correcting shock, and
practical value for military uge. Will investigate the metabolism, excretion,
retention, and storage of plasma expanders, and their effects on the kidney,
reticulo-endothelial system, and other vital organs. \

(2) Emory University - Dr. W. L. Bloam will study the clinical effects of
dextran on the dymamics of circulation and on kidney function, Will investi-
gate the hydrolysis of dextran dy body tissues and extraots, notably by muscle,
liver, and spleen; and by dody enzymes, notably 1 - 6 glucosidase. Will per-
form tracer experiments, using dextran lebeled with C1%, to determine excre-
tiem, storage, and metabolic dreakdown im the body. Will evaluate dextran in

99




clinical patients, for shock, and far its effects on patients with liver and
kidney diseases. Will develop analytic methods for dextran in body tissues
and fluids.

(3) The Burke Research Company, Van Dyke, Mich, - Dr. Oliver W. Burke, Jr.
To condnot a study on plant colloids as plasms extenders.

(4) University of Iowa - Dr. S. N. Horvath vill study in animals in
hemorrhagic shock the effects of plasma expanders on cardiac output, liver
Plood flow, remal functions, arterial and venous blood pressures, blood volume,
body water, body weight, appetite, and the composition of the blood. Animals
vill de followed at least 2 weeks to determine rates of return to normal.,
later the effectiveness of the plasma expanders in dehydraticn and environmental
streas vill be investigated.

(5) Yale University - pr. Louis Welt will investigate the effects of plasma
expanders on the metabolism and excretion of water and electrolytes in normsls
and in edematous patients. Will use isotonic solutions of the expanders, dut
which are either iso-oncotic or hyperonmcotic., Will determine vhether the plasma
expanders are capable of inducing diuresis in edemntous patients. Will study
the utilization of chromium-tagged red cells for measuremsnt of blood volume apd

5 in the measurement of extracellular fiuid volume.

(6) oOhio State University - Dr. R. M. Zollinger will do comparative evalua-
tions of the plasma expanders in patients for the treatment of shock due to
trauma, burns, or hemorrhage. Observations will be made of clinical response,
local and systemic reactions, and effects on blood yressure, plasma volume,
cardiac output, plasma osmotic pressure, blood coagulation, blood viscosity,
Plood flow, hemolysis of red cells, kidney functions, electrolyte balance, and
acid-base balance. The fate of the infused expanders will be investigated--
retention in the circulation and storage in the reticulo-endothelial system,
and rates and molecular sizes excreted through the kidney.

(7) University of Wisconsin - Dr. J. W. Williams will investigate the
distribdbution of molecular sizes in commercial intravenous gelatin solutions by
determining sedimentation rates and constants in the ultrecentrifuge. Will
develop a quicker method than the 1 week now required. Will determine the
changes in molecular sizes of gelatine in golution which occur during storage.

(8) University of Pennsylvania - Dr. H. M. Vars. Plagma expanders will be
compared by the standardized animal tests developed for evaluating intravenous
gelatins. Expansion of plasma volume and correction of hemorrhagic shock will
be measured guantitatively. BRates of excretion in the urine and dlsappearance
from circulation will be measured. Toxicitlies will be determined. In colla-
boration with the manufacturer (Dr. D. Tourtellotte), attempts will be made to
produce and evaluate oxypolygelatins with gel points below 50° F. Clinical
trials of expanders, which appear safe and effective by animal experiments, will

be made in humans.

(9) National Academy of Sciences (Dr. F. D. lavrason) vill serve as a
central information office for all phases of the plasma expanderas program,

providing "up-to-the-minute” information %o investigators, National Research
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Council, the Department of Defense, and potential mamufacturers. Will arrange
the production and distridution to investigators of all plasma substitutes,
Will assist the National Reasearch Council conmittees in the analysis of
research data.

(10) National Bureau of Standards - Dr. 8. G. Welssberg will charecterize,
chemically and physically, the plasma expanders, fer the purpeoses of develop-
ing inspection and control methods, which will serve as the basis of purchase
specifications, adequate inspections, amd sound product controls. Osmotic
ressures, light scattering, intrinsic viscosities, sedimentation rates, and
fractionations will be investigated. Changes in plasma expanders on aging in
storage vill be investigated. Modifications of dextran, to improeve the shape
of its molecules by chemical trestment, will be attempted. Radiocactive dextran
for tracer studies vill be charscterized.

(11) Columbia University - Dr. A, Courmand will establish emergency teams,
on call at Bellevue and Nev York Hospitals, to treat traumatic cases with plasma
expanders, and to make clinical studies of such cases.. The yrotocol will de
that of D. W. Richards and A. Cournsnd, developed in 194k-k%5, for the study of
concentrated albumin selution as a plasma expander. Particular attention will
be paid to hemodynamic effects. '

(12) 8t. Vincent's Hospital - Dr. L. N. Rousselot will investigate the
dshydrating effects of the plasma expanders and measure the water displaced
from tissues into the circulation, in normal humen subjects and patients im
shock. Will measure the amounts of proteins displaced from the circulationm
and tissunes by expanders.

(13) Polytechnic Imstitute of Brooklyas - Dr. ¥. R. Eirich will study the
molecular characteristios of PVP solutions, t0 include distridution of molecular
sizes, molecular shapes, extent and types of branching, soludility, viscosity,
membrane permesbility, ommotic amd oncotic pressures, light scattering, sedi-
mentation velocities, imteraction with cosolutes, and bebavier as a polyelec-
trolyte under physiologic conditions. These data will be used to define PVP
in purchase specificationa.

(1%) Columbia University - Dr. 8. K. Bradley vill measure the effeots on
kidney functions of various Lypes of FVP (Periston; polyvinyl pyrrolidome) of
different molecular sizes, to determine which types snd sizes are best tolerated
by normal and nephrotic human kidneys.

(15) Children's Medical Center, Bosten, Mass. - Ir. E. R. Blout will
gynthesize water-goluble high polymers from maturaliy ocowrring alpha-amino
acids for possible use as blood plasms expanders. After synthesis, the pharma-
cologic and physiologic properties of each prodmct will be tested.

(16) Washington University - Dr. Robert Elman. The effect of Plasma sub-
stitutes vill be studled in animals and in petients. The patients will de those
vho evidenced surgical shock following operatien, bdurns, tissue injury, or
massive hemarrhage. Special techniques will be dsveleped for the mesasurement of
the colleidal osmotic pressure and for blood volume determinations. The latter

includes a nev carbon monoxide inmhalation technique.:
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(17) Army Medical Service Graduate S8chool will attempt to develop more suit-
able methods for the micro-analysis of dextram in bleod. Will study the reac-
tion-inducing properties of clinical dextrans,

(18) University of Pittsburgh - Dr. Paul H. Maurer will study the antigenic
activity of dextran including the quantitative determinmation of antibedies to
both the high and low molecular weight dextrans in sers collected at Brooke
Arny Hospital. In addition, a quantitative estimation of the antibodies cross-

reacting with dextran will be wade. Passive transfer and sensitization studies
vill be done,

(19) 8loan-Kettering Institute for Cancer Research - Dr. Leon Hellmsn will
study the bebavior of various Cl¥-labeled plasme expanders and their distribu-
tion in the body fluids and tissues. Becsuse of the feasidility of measuring
smll quantities of plasma expanders with the isotope technique, the bebaviar
of tracer quantities cam be compared with that of full therapeutic amounts.

(20) Cornell University - Dr. James M. Neill. The immmologic properties
of "native” and of pu-tieﬁ: hydrolyzed dextrans will be studied usimg various

products from the Northern Regiomal Research Laboratory, "native™ dextran

from other sources, and commercial products prepared for ¢linical use. The oc-
currence and reacting capacities of nondextran constituents of dextran-forming
bacteria in culture fluids will be determined. After appropriate methods are
developed, the examimaticm of clinical dextrans for the presence of trace amounts

of serologically reactive nondextran constituents of bacterial crigin will de
made,

(21) Ewory University - Dr. Paul B. Beeson. To determine the relationship
between molecular size and Shwartzman activity of hydrolysis fractions of dex-
tran and correlation with leukopenia-producing capacity. It will be determined
if tolerance develops for dextren's Shvartzman activity as it does for the
activity of other bacterial products, Should tolerance develop, further studies
vould consist of chemical measurement of rate of disappearance fram blood
stream as tolerance develops, the measurement of disappearance rate in animals
mde resistant by repeated injections of bacterial pyrogens, plus a study of
the effect of so-called reticulo-endothelial blockade on this tolerance.

(22) California Institute of Technology - Drs. Linus Pauling and Den K.
Campbell. To conduct chemioal studlies of oxypolygelatin to provide a dasis for
improvement of the product and for interpreting biologic evalmation studies.

Nev chemical and physical methods for redncing the gelation tendency of gelatin
will be sought,

(23) Emory University Hospital - Dr. J. Szepseawol will study the effect of
plasma expanders upon embryonic tissue in cultures _i_q vitro.

d. Other Information. None.

e. Background and/or Progress. Deteiled studies of the metabolic effects of
dextran were begun at AMSGS in order to widen the scope of knowledge concerning
this plasma substitute. Liver function, hematologic effects , and influences
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upon electrolyte and intermediary metabolism were measured; no effects upon
electrolyte or intermediary metabolism can be demonstrated. Definite changes
in the globulins were shown by biochemical and electrophoretic measurements.

Secondary effects upon the flocculation and turbidity tests of liver functions
vere geen.

Blout concentrated on the preparation and study of the physicochemical
properties of polymers of D, L-~alanine; T5 grams of polymer were prepared.

Observations indicated that the polymerization procedure used to date will
have to be revised to take into account the small amounts of halogen acid
adduct which may (in effect) neutralize the amine initiators.

Preliminary experiments indicate that poly-D, L-alanine with molecular
veight 15,000 may be water-insoluble in contradiction to published reports.
Means are suggested for rendering it water-soluble.

Eirich reported a new method of measuring diffusion constants was found
promising, in conjunction with molecular weight measurements, for a relatively
quick and pertinent characterization. The light-scattering instrument has been
recalibrated as regards the wave lengths used.

The copolymers with methacrylic acid showed peculierities at high and low
acid content. Both types exhibited a reduced tendency to diffuse through mem-
branes. Continued work on the kinetics of PVP polymerization in the presence of
hydrogen peroxide and ammonia indicsted the action of the ammonia seems to be
on the peroxide, with the monomer joining the complex.

Rousselot studied oxypolygelatin by infusing 12 patients with 500 or 1000 ce¢
of this expander; 30% of the volume infused is lost during the infusiom, in 20
to 40 minutes. Only 15 to 30% of the volume infused is retained at the end of
6 hours; 68% of the OPG administered has been excreted. The rapid excretion
and consequent poor volume maintenance is due to the low average molecular weight
of the material. From the clinical dats the moleculsr weight derived was
33,000; that determined by fractionation and osmotic pressure measurements was
30,000 to 32,000. It was therefore concluded that Baxter 75 233XA is a poor
Plasms volume expander because of its low molecular weight.

Splenic tissue of chick embryos 10 to 11 days old was cultivated in vitro
by Szepsenwol in a medium containing dextran, oxypolygelatin, or polyvinyl
pyrrolidone in various concentrations. Only FVP seems t0 have some effect upon
growth. In its presence abnormal cell divisions of various types appear. The
reaction of splenic tissue to the effect of PVP seems to be more intense than
that of embryonic muscle and liver tissues.

Studies were made by Vars of the relative effectiveness of polymeric glucose
(DuPont) as a plasma expander in dogs subjected to hemorrhage with immediate re-
placement. The present material gave a satisfactory response with respect to
blood pressure maintenance, hemodilution, and 3~hour post-infusion BVI. With
the present material the excretion rate was quite rapid, suggesting that improve-
ment can be made by preparing a polymeric glucose of larger average molecular
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veight, Plasma volume (T-1824) data were also obtained and compared with Pr
similar observatiuns upon dextran, 5% albumin, and saline controls.

f, Future Plans. The work will be continued as indicated.

g+ References. Progress reports of installation and investigators.
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Project No. 6~59-1224 NOT FOR PUBLICATION
Contract No. MD-425 Repart Date 30 June 1953

Plasma Substitutes

Dr. Leon Hellman

Sloan~Kettering Inst. for Cancer Research
Lol E. 60th Street

New Ym‘k, N. Y.

ERIEF. The purpose of this work is to study C1*-labeled plasma expanders.

PROGRESS. I. Intravenous Administratiocn of P ¢ Glucose to Man. Nine
patients have been given 550 mL. of polymeric glucose %%S intravencusly .
(E.I. DuPont De Nemours and Co. Lot No. IN-17042-305. o solution, by weight
in isctonic NaCl.) They were chosen at rendom and had various medical conditions.
The only criterion used was the ability of the patient to tolerate the infused
volume, salt content, and any possible untoward reaction. They continued to
receive their other medications and normal feedings were maintained during the
hours of the infusions.

a) Prior to the infusion the patient's temperature, blood pressure, and
pulse vere taken at intervals adequate to establish a base line. The skin was
inapected for presence of rashes, and an intradermal injection of 0.1 cce. of the
PMG solution was made on the flexor surface of the forearm. The region of the
intradermal reaction was watched for 20 minutes befare starting the infusion
and reactions graded from "0 to 4 plus™.

b) All intravenous solutions were set up 80 that the infused solution
could be altered from PMG to 5% dextrose in water at will through a single
needle.

c) Afier allowing the 5% D/W to run in to assure proper placement of the
needle and smooth flow of the intravenous apparatus, the infusion of PMG was
begun .

d) Routinely, approximately 100 cc. of PM} were infused over an estimated
20-minute period. Temperature, blood pressure, and pulse were checked at 10-
minute intervals during this time. At the end of this period the PMG infusion
was stopped and the 5% D/W allowed to run in at a slower rate. Over the next
30 minutes, vhile the D/W was allowed to run in, temperature, blood pressure,
and pulse and general clinical status were determined at 15-minute intervals.

e) If there was no significant change during this period the remainder of
the PMG solution {approximately h50cc.) was allowed to run in continuously. The
infusion rate varied from 2 -4 cc /minute. No effort wes made to maintain the
same exact rate in all the patients, but in general each received his infusion
at a steady rate. The evaluations named continued. All observations were made
by the same examiner.
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£) Following the infusions the patients' temperatures, blood pressures,
and pulses were checked at 30-minute intervals for the next 2 hours, and then
at l-hour intervals through the night.

g) The patients were followed for 96 hours for appearsnce of rashes, undue
. temperature elevation, and any change in clinieal status which might be
attributable to PMG.

Results. a) Skin tests were done in 6 patients prior to infusion. In no
patient was any reaction noted. At the end of 20 minutes the injection site was

recognizable, but there was a complete local absence of pain, pruritis, erythems,
or swelling.

b) 1In 3 patients, a temperature elevation of about 1.2°F was noted during
the infusion or immediately thereafter. However, thege patients had occasionally
been febrile due to their basic disease process; the elevation was well within
their diurnal variation. In the remaining 6 batients, temperetures over the
initial 6 hours varied less than 0.4°F. In no case did blood pressure or pulse
vary significantly.

¢) No patient exverienced any other objective change in c¢linical status
during the course of the infusion; frequent questioning revealed no subjective
discanfort.

d) One patient developed mild generalized wrticarial reaction with pruritis
36 hours after receiving PMG. However, he was also receiving penicillin and
streptomycin during this time. Skin test with PMG at this time showed an 1le-mm.
zone of erythema and swelling but no local pruritis or worsening of generalized
pruritis. Unfortunately this patient had not been skinetested prior to the
infusion. The pruritis and urticaria disappeared within 2l hours after dis-
coatinuing antibiotics and antihistamines. Another patient complained of
pruritis in the buttocks and upper thighs, associsted with what he described as
& rash developing within 24 hours of the infusion. When seen by the investigators
8 hours after onset of these symptoms » there were no objective findings, and the
subjective camplaints had subsided.

At this point, the series is obviously too small for definitive impressions,
but it seems that the incidence of immediate reactions is low enough to warrant
continuation of the study.

II. Final Report ca the Excretion of C* PYP-K-26.1 (Schenley 272L5 end
SL-4002), "An infusion was prepared by miXing 500 ml. of L.2% C1¥ PVP of K-26.1
(Schenley SL-4%002) with 500 ml. of 4.2% PVP-Macrose, K~-25 (Schenley 272L5).

808 ml. of this solution was administered intravenously to a patient over a
period of 75 minutes. Urine, stool, blood, and expired breath samples were
collected. The plasma volume was determined by the Evans blue dye method
immediately before and after the infusion and again about 12 hours later.

During the lst 24 hours following the infusion, 586 of the administered
PVP was excreted in the urine. About 37% was excreted during the lst 5 hours.
During the 2nd day (24 - 48 howrs), an additional T was excreted in the urine.
On the 3rd day, ancther 3.5% was excreted. By the end of 5 days & total of 73%
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of the administered PVP had been excreted via the kidneys.

(Dr. Robert Warner of New York University measured the PVP content of the
same urine specimens by & chemical method and found that 75% of the administered
materlal was excreted in 5 days. This chemical value compares to the '[3%
recovered by radioactivity measurements.)

There was an apparent increase in plasma volume of 350 ml. immediately
after the conclusion of the infusion (or ebout 8 minutes after the start of
the infusion). At 12 hours, the plasma volume was equal to the control value.

The initial urine samples were slightly blue in color » indicating some
. 8light excretion of the Evans blue dye in qQuantities roughly proportional to
PVP content of the urine. The significance of the plasma volume measurements
with the dye method in the presence of PVP requires further study.

These final data concerning the excretion of K~-26 PVP differ from pre-
liminary data in which the % excretion was calculated from the values supplied
by the manufecturer. As measured by Dr. Waerner end this laboratory, the actual
PVP content of the PVP solution given was sbout 10% greater than the value
supplied by the manutacturer. This fact, along with minor radioactivity inter-
calibration differences between the laboratories, accounts for the lower value
of the K-206 PVP excretion ziven above.

ITII. Studies with Endogenously Labeled Human Plasma Protein. There is
very nttlemom%Mf human
plasma protein after infusion into a recipient in the form of whole blood,
plesma, or any plasma fraction. Methods which involve separation of the
various protein fractions ot the plasma by chemical procedures may conceivably
alter the protein so that it differs from the native material that circulated
in the blood and, on infusion into a recipient, may exhibit an altered metabolic
behavior. This reservation also a{glies to methods thet label a plasma protein
fraction with an isotope such as I 1 since there is no standard of reference
by which to determine that the labeled protein fraction behaves in a biologi-
cally identical fashion to the native circulating material. An attempt is being
made to investigate this problem by in-vivo lebeling of the plasma proteins in
the human with Ci%~lgbeled precursors. Thus there can be little guestion that
the label is attached to the protein in a physiologic manner, and that its
subsequent blologic behavior is not altered as a result of any chemical manipu=
lation. Several preliminary experiments have been performed. Several patients
were given radioactive carbon-lsbeled acetate, glycine, or methionine and the
redicactivity of their plasma proteins messured over a prolonged period. In
eddition, the activity of the albumin and the giobulin fractions was measured
over the same period. There is a characteristic rate of change of specific
activity of the serum proteins after the sdministration of either C4* -gcetate
or glycine; the albumin fractions consistently seemed to turn over more slowly
than the globulin fractions. Fractionation ot the plesma into the alpha and
beta lipoproteins indicates that the protein component or these tfractions turns
over at approximately the same rate. Further exploration or this problem is
in progress.
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RESEARCH AND DEVELOPMENT PROJECT CARD (NEW PROJECTSI Z.SEC. oy - WOLRO. ¢ g/ e
1. PROJECT TITLE - :
Blood and Blood Deri (5. FEPORT VIATY
6. BASIC.FIBLD OR SUBJECT . S
Basic Medical Science Investigations, Authorized AW-6
€. COGNIZANT AGENCY 12.¢ T CONTRACT/V. O. NO.
The Surgeon General, DA
|[ ®- PTRECTING AGRNCY See below
Med Res & Dev Bd -
10. REQUESTING AGENCY TY. RETTTED YOTECTS 1Y, ¥SY. CONPL. FATES |
ppe. bONG,
111. PARTICIPATION AND/OR COORDINATION DRV
‘ TEST
14, DATE APPROVED
5 Nov. 1951 Py 18, PISCAL zsr's.‘
L 15, PRIORITY 1 ] 16. .
19. -

0. REQUIREMENT AND/OR JUSTIFICATION

Traumatic wounds and shock are among the most important types of casualties
suffered in wartime. Treatment almost invariably requires the use of whole
blood or blood derivatives, such as plasma or albumin, Bleeding and intravas-
cular clotting are important complications of traumatic wounds and shock, and
are frequently the cause of death in these cases. Among problems inherent in
administration of blood derivatives are t;ang;giog
» reactlons, lower nephron nephrosis, and homologous
serum hepa ential that research be conducted to solve some of

these problems and to develop means of combating hemorrhage and intravasoular
clotting.

a. Brief. The objective is to study blood and blood derivatives with emphasis
on their therapeutic use in traumatic wounds and shock, and to investigate ways
of reducing or eliminating transfusion reactions and other undesirasble effects
| of these materials. Techniques will be devised for fractionating, preserving,

| and storing these materials. The basic mechanism of blood clotting will be
investigated. Studies will be conducted to elucidate the factors involved in

i intravascular clotting and methods will be developed to promote clotting and

to prevent intravascular thrombosis.

‘ Recent trends in surgery show an increasing use of blood and blood deriva-
! tives in the treatment of all types of wounds and especially in shock. This
has placed an increasing load on the blood banks and has also increased the
number of cases of transfusion reactions and complications from plasma such as
| homologous serum hepatitis. This increased use of blood and blood derivatives
made it necessary to devise ways of preserving blood for longer periods and led
to many attempts to separate the formed elements from plasma. Investigations
directed toward techniques of fractionating plasma into its components are highly
importent in order to increase the available supply of these materlals by
separating the various constituents and thereby permitting longer storage and
better preservation of whole blood. It is urgent that research efforts be pushed
in order to provide adequate blood and blood derivatives in the event of mass
casualties from atomic warfare. Burns and radiation injury which represent a
large portion of casuasltles from atomlc explosions also require the liberal use
of blood and blood derivatives to combat shock and injury to the blood-forming
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organs incident to ionizing radiation. Traumatic wounds represent a considerable
portion of the casualties which occur from both conventional and atomic warfare,
and hemorrhege and intravascular clotting are important complications of these
injuries. It is therefore extremely importent to investigate the basic mechanisms
in the processes of blood clotting and to devise means of preventing intravascular
thrombosis. Recent investigations have shown that many heretofore unrecognized
factors are operative in the blood clotting mechanism; many new preparations are
advocated both to promote clotting where hemorrhsge is a problem and to prevent
intravascular clotting where intravascular thrombosis is a likely reaction. It

is essential that these basic mechanisms be worked out and that the new prepara-
tions be investigated further in order to develop better methods. Recent efforts
also indicate that it may be possible to separate, preserve, store, and later
reconstitute for use the various elements of blood, such as red cells, white
cells, end various fractions of the plasma. These important leads must be followed.

b. Approach. Detailed studies will be conducted on means of separating the
various elements of blood and developing methods for preservation and storage,
and for the sterlillization of plasma to inactivate the virus of homologous serum
hepatitis. Investigations will be conducted on the basic mechanism involved in
the process of clotting.

The ultimate aim is to provide adequate amounts of blood and blood.deriva-
tives which can be safely sdministered to patients requiring these materiels.
It 1s also aimed to clearly elucidate the many fectors involved in the blood
clotting mechanism and thus to develop methods for reducing hemorrhages and
eliminating the common complication of intravascular thrombosis.

¢. Subtagks:
(1) Massachugetts Institute of Technology - Dr. David F. Waugh

To investigate the structure of the fibrin clot and the effect of lonic
strength, pH, etc. on this clot. To determine the quantitative effects of various
clot accelerators and inhibitors and thelr modes of action.

(2) University of Southern California - Dr. Arnold G. Ware

This study 1s directed toward the isolation, purification, and determina-
tion of the properties of accelerator globulin and antithromboplastin. Attempts
will be mede to prepare both of these clotting factors from plasma in the purest
possible form.

(3) VWayne University College of Medicine - Dr. Charles L. Schneider will
study problems related to the initiation of blood coagulation with particulaer
reference to platelets and the platelet accelerator, the factor in platelets
which influences the interaction of thrombin and fibrinogen. Those activities
which can be regarded as being feirly speciflc will be emphasized.

(4) Purdue University - Dr. Edwin T. Mertz

This study is directed toward the isolation and purification of pro-
fibrinolysin, fibrinolyein, and anti-fibrinolysin, aend toward determination of

the physical and chemical properties of these substances.
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(5) Bayonne Hospital & Dispensary - Dr. Ancel U. Blaustein will study the
effects of heparin, dicumarol, tromexane, and Link's compound 63 on the tissue
changes in experimentsl frostbite in animsls.

(6) Harvard Medical School - Dr. Herrman L. Blumgart will study the
"autocatalytic factors" in the pathogenesis of intravascular clotting. The
purpose is to obtain under controlled conditions, and using new precise analytic
metgod;, quantitative data on autocatalytic accelerators in the in-vivo clotting
mechanism. .

(7) Pennsylvania Hogpital - Dr, Jerome M. Waldron will study the clot-
accelerating properties of orally ingested fat. The relation of fat to hemostatic
mechanlsms end thrombotic phenomena, in particular, the antiheparin effect of
orally ingested fats, will be studied in humans, since bleeding in irradiation
injury cases is supposedly due to an increase in circulating heparin.

(8) Harvard Medical School - Dr. Benjamin Alexander

Thig study 1s aimed at the purification of prothrombin, thrombin, and
AC globulin, and an investigation of their propertles and interaction in isolated
gsystems. If purification methods prove satisfactory, the chemical and physio-~
logic properties of these components will be studied, tusing radloisotopes.
Antihemophilic globulin will be assayed by 2-stage prothrombin consumption tests
on hemophilic blood.

(9) Mercy Hospital, Baltimore, Mi. - Dr. Charles E. Brambel will study
anticoagulant drugs, such as dicumarol, tromexans, and Link compound 63 (cumopyran),
and drugs that counteract the effects of these compounds. The counteracting
drugs include oral synthetic Vitamin K and an intravenous Vitamin K emulsion.

(10) Presbyterian Hospital, Chicago, I11l. - Dr. John H. Olwin

To evaluate present methods and to attempt to develop new methods for
measuring known (and possibly unknown) cosgulation factors of the blood
with a hope of finding some reliable means by which intravascular clotting can
be anticipated. This study will be done in normal individuals, pre- and
postoperative patients, undergoing mejor surgery, and obstetricsl patients
during the pre- and postpartum perlods.

(11) University of Virginia - Dr. Alfred Chanutin

The effect of aging of red cells on their enzymes, and other organic
and inorgsnic constituents, and adsorptive properties will be studied. The
effect of storage of plasma on the alpha and beta globulin components will be
determined. The changes in plasma proteins in the presence and absence of formed
elements and the effect of the formed elements on the specific enzymes of plasma
will be studied. Attempts will be made to develop procedures for preventing
deterioration of red cells. .

(12) University of Iowa - Dr. Elmer L. DeGowin

Blood will be collected from normel group O donors in various preserva-
tive solutions, stored for O to 35 days, and transfused to normals of group 4 or B.
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The disasppearance of donor!s erythrocytes from the circulation will be measured
by accurate differential agglutination techniques. The kinetics of destruction
of preserved erythrocytes will be analyzed mathematically by the shape of the
dissppearance curves. The respiratory rates of the preserved erythrocytes will
be measured in manometers at the time of transfusion and the results compared
with in-vivo survival.

Measurement of the net gain or deficit of the normsl recipient's
erythrocytes will employ calculations based on simultaneous counts of total
erythrocytes and inagglutinable cells. In the same tests measurements of the
changes in plasma volume after transfusion will be made by the calculation of
total cell volume with cell counts, hematocrits, and Ashby counts; these
observations will be spot checked with estimations of cell mass by P32; plasma
volume will be measured by the hematocrit and cell mass and checked with the
injection of T-182,.

(13) Yale University - Dr. J. H. Milstone will study the isolation of pro-
thrombin activators, and platelets. Electrophoretic analyses will be made of
the fractions and their purified derivatives to detect unsuspected impurities.
Purification of prothrombin will be continued with 2 objectives: 1) ultimate
isolation and crystallization; 2) clarification of coagulation theory. Progress
will be followed by the electrophoretic and solubility tests, by comparing
specific activities, and by functional tests for contamination. A lookout will
be kept for a possible additional factor, distinet from prothrombin, kinase, and
accessory thromboplastin.

(14) University of Pennsylvania - Dr, I, S. Ravdin will try to lengthen the
storage. 1ife of preserved erythrocytes, leukocytes, and platelets of blood, by
separating them from plasma by immediate centrifugation at 4° C. Search will
be made for the optimum preservative fluids for resuspending these cells te
preserve them in storage. The viability, characteristics, and clinical value
of the stored cells will be determined at varlous intervals of storage by
biologic tests of the infused cells. Preservation of whole blood and cell sus-
pensions at high pressures (several hundred atmospheres) and low temperatures
(-3¢ to 15%) will be assessed.

(15) Bryn Mawr Hogspital - Dr. M. M. Strumia

(a) Considerable work has been done on the sffect of leucocyte suspen-
sion and extract therapy on the regeneration of bone marrow of rabbits following
depletion by severes total body irradiation. An attempt had been made to purify
leucocytic extracts only to find that crude preparations are more effective. Use
of these preperations intravenously will be attempted.

(b) The csauses for the deterioration of the cellular elements of whole
blood in storage and transport will be determined by cellular, metabolic, and
enzyme studies in natural and srtificial substrates. Attempts will be made to
slow the metabolic aging and destruction of ‘blood cells to a minimum by improving
the preservative flulds and by other means, such as dehydration, lower storage
temperatures, adjustment to optimm pH, and control of enzymatic activity.
Results will be assessed by following the viability of the preserved cells in
!11;::0 and g ViVOO
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(16) Harvard University - Dr. Carl W. Walter will continue a study on
preservation of human erythrocytes at =10 to =15 in order that current blood
bank storage time may be prolonged, perhaps indefinitely.

(17) Medical Research and Development Board

It is proposed to study thoroughly the commercislly available plastic
blood contalners for adaptability and suitability for military medical installa-
tions. The initial phase will be to test 300 plastic blood containers .from each
of several commercial houses, in each of 6 military hospitals in Zone of Interior.
Recommendations from these hospitals will be the basis for developing an ideal
plastic bag for military use. The second phase will include the transportation
of whole blood in plastic bags to an overseas theater for use in military
hospitals in the theater zone of communication. The final step will be the
conslideration of overseas shipments of whole blood in plastic blood containers
to medical installations in the combat zone,

(18) Lenox Hill Hospital, New York, N, Y. = Dr. Allen H. Minor is to conduct

studies on the preservation of platelet concentrates.

(19) yg;xgggijx_gf Michigan = Dr. Abraham I. Braude will conduct studies of
feryophylic" bacterial contaminants of blood.

(20) Research Foundstion, State University of New York - Dr. Benjamin Burbank
will investigate the effects of ultraviolet irradiation on blood cosgulation,

(21) Yale University - Dr. John P. Peters will study the measurement of the
volume of the circulating blood and extracellular space and the rate of twrne

over of serum proteins.

(22) Nassau Hospital ~ Dr. Eric Haldane Ponder will study changes in struc-
tures of red cells during storage.

(23) Baylor University College of Medicine - Dr. Russell A. Huggins will
study the physiologic responses to plethora.

d. Other Information. None.

e. Background and/or Progress. Blumgart found that enzar, a purified trypsin
preparation, when given intravenously accelcrates the deposition of intravase«
cular clots. Trypsin-induced thrombi may be blocked by heparin but not by
dicumarol.

Brambel, from studies on a small series of dogs, noted that preanticoagule-
tion in experimentel frostbite has some interesting possibilities: 1) Severity
of lesions is not as great as in control animals. 2) Recovery rate greater in
the preanticosgulated group. 3) Amount of tissue loss greater in animals that
were not preanticoagulated. 4) Hemorrhage not a necessary consequence of anti-
coagulation preceding cold injury. 5) In event of hemorrhage, a potent and
efficient antidote has been described - Vitamin Kl emalsion intravenously

administered.
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Mertz reported that bovine profibrinolysin (plasminogen) from an ammonium
sulfate precipitate of serum could not be activated by any of a series of
proteolytic enzymes. However, if lst treated with chloroform, the serum frac-
tion could then be activated repidly with trypsin. The technique of chloro-
form treatment followed by a proteolytic enzyme has been extended in preliminary
tests to include 10 different enzymatic activators. Of these, only bovine
fibrinolysin (plasmin) caused activation, and this did not have an activation
influence equal to that of trypsin. An extension of the chloroform~trypsin
mothod to activate the profibrinolysin in serum appears to show promise as a
new method of assay for fibrinolysin.

The preservation of humen platelets frozen in the presence of glycerol was
studied in vitro by Minor. Glycerol has been found to mitigate the injurious
effects of freezing. Under the conditions studied to date, this protective
action has not been sufficient to warrant in-vivo studies of preserved plate-
lets.

Ravdin concluded after _1E~v1tro tests that this general procedure represents

a practical method for preserving cell-residues left after plasma removal:

1) Collection and early handling should include collection into cold, ade-
quately acidified anticoagulant of isotonic or slightly hypertonic concentra-
tion, followed by immediste chilling in an ice-water bath, with occasional
movement to promote uniform cooling, and by cold centrifugation. 2) During
storage and necessary transportation the sedimented cells of acidified whole
blood should be kept as near 0° to 1° C as possible. 3) Removal of approxi-
mately 80 - 854 of the total plasma for recentrifugation. 4) Addition of a

small volume of concentrated glucose solution to thor cold cells to pro-
vide not more then 1.0 gm per 100 ce of the mixture. E; 5ontinued storage of

the concentrated cells at 0° to 1° C.
f+. Puture Plans. Work will continue as indicated.

g- References. Progress reporis of investigators.
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Project No. 6-64~01-09 NOT FOR PIBLIATION
Contract No. WD-4\85 Report Date 30 June 1953
Pregervation of Blood for Transfusion

Dr. Elmer L. DeGowin
University Hospitals
Jowa City, Iowa

IRIEF. The purpose of this work is to study the preservation of erythro-
oytes, leukocytes, and platelets of human blood for transfusion.

3

PROGRESS. o\l of Fresh Blood Tranafuped to Peatients with Perplo
Anemia. Fresh normal erythrooytes ocntinued to be transfused to patients with
perniciocus anemia in various stages of treatment with Byj,;. The results were
measured by inagglutinable cell counts. The date have not yet been analysed.
During the past 3 months, , patients received 1 transfusion each and 1 received
2 transfusions. '

Syrvival of Exvihrogvies Stored with Bys. One 500-ml. volume of blood was
divided and the 2 parts stored under refrigeration for 3 weeks, 1 part mixed
with an exoess of By, the other serving as a control. The parts were then
transfused to Rittgers and Nerris; the experiment was terminasted during March,
The results have not yet been analysed.

.)'

bisotg. On March 3 the

rnicioy onle 118 1n NOYmal ©OX
perniscious anemis) were tranafused to a normal

un 1‘95

Survival of |
cells from Bennett
subject, Rittgers.

1 Survival wde; itiong. January 20, fresh normal erythro-
oytes were transfused to Milton opathic hypoprothrombinemia). Merch 5,

Martin (asquired hemolytic snemia) was tranafused with fresh normal erythrocytes.
Feb. 17, Sigler (normal subject receiving methionine) was transfused with normal

fresh erythrocytes.

DD U] W . ]

n of Ineagglusingdle 1.1 7 ad by Anti-~-A and Anti-N
Sera. In 4 transfusions of blood of heterologous group the inagglutinable cell
counts are being made both with anti-A snd anti-M sera and the results compared.

) igasurement o Blood ane by Ashitw
Teohnigue and by the Upe of PJ2. In 4 transfusion experiments the blood volumes,
as measured by both techniques, ng:;zad within 14£. In L other tranafusioms, how-

P

ever, the result obtained by the method was from 9% to 15 higher than that
by the Ashby technigme.

JeYQlon : . DG _1OT DOteTriine bR o I PR4D mmter. A new
dipping comter is being tried out for determining radisastivity in samples of
blood mixed with P32,

181




FUTURE. In addition to ocurrent work, studies will be resumed on the trans-
fusion survival of normal blood stored inm ACD, U.S.P., solutions. Blood volume
measurements will be perfected and refined. Studies on the hemolytie mechanism
in pernicious anemia will be extended.
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Project No. 6-54-01-09 NOT FOR RUBLICATION
Contract No, MD-116 Beport Date 30 June 1953

Measurement of Extracellular Space

Dr. John P. Peters
Tale University
New Haven, Conn,

BRIEF. The objective is to study the measurement of the volume of circu~
lating blood and extracellular space and the rate of turnover of serum proteins,

PROGRESS. The assembling and control of all the apparatus for measure-
ment of isotopic activity has_been completed and control work on measurement
of radioactive chromium and I13l has been carried out, Attempts have been
made to simplify measurement of blood volume with chromium-tagged red cells;
measurements have been made on a number of normals and a few patients with
heart failure before and after delivery of edema. Meassurements of the I13l
albumin space and its decay have been done on normals and on 1 or 2 pathologic
cases.
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Project No. 6-59-10-08 NOT FOR PUBLICATION
Report Date 30 June 1953

Transfusion Reactions

Army Med Sv Grad School
Walter Reed Army Medical Center
Waghington, D. C.

BRIEF. The objective is the prevention of transfusion reactions and
reactions due to blood and plasma fractions.

PROGRESS. Hereditary Nonsgh_%ocgic Hemolytic Disease. Extensive labora-
tory stulies were carried out on the 4th patlent with this disease. Histologic
studies of the spleen in co-operation with the AFIP revealed important dif-

ferences from hereditary spherocytosis. The hereditary mechanism may be men-
delian dominant or due to’ inheritance of a recessive gene from each parent.

Hemoglobinametry. Accurate methods for clinical hemoglobinometry have
been established in our lsboratory. Plans have been approved by SGO for the
gperation of a hemoglobin reference facility to make availsble to all Armed
Forces clinicel laboratories stable and accurate hemoglobin standards.

Solutions of cyanmethemoglobin were shipped to Armed Forces laboratories
in many parts of the world. The solutions were used to test their spectro-
photometers and were then returned. The solutions underwent no deterioration.
The standards of hemoglobinometry in most of the laboratories surveyed were
unsatisfactory. Copper sulfate solutions as a color standard were found not
to be satisfactory for standerdization of the Coleman Jr. spectrophotometer.
The multiplication factor greatly magnified any small errors of calibration
of the instrument. It has been decided to use cyanmethemoglobin as the
standard.

Erythrocyte Metebolism. More observations of RBC glycolysis in patients
with reticulocytosis have been attained. Erythrocyte glycolysis is dependent
largely on the degree of reticulocytosis. Plans for study of hemolysis occur-
ring during descent from high altitude in Peru are completed.

Changes in Red Cell Dimensions. Methods are being surveyed and set up to
determine the shifts water, inorganic phosphorus, and potassium in and out
of red cells. In casualties studied in Korea it was noted that the mean
corpuscular volume of the erythrocyte was abnormally small, tended to become
normal during resuscitation, and became and remained small again within 1 or
2 days. Thorne reported similar changes after administration of ACTH. A study
of patients in the Surgical Service, Walter Reed Army Hospital, has been
underteken to learn the mechanism and physiologic implications of this shif't
of water.

The Use of Transfusiom in Battle Casualties. During the last several
montns many lsboratories have been studying crot erythrocyte tagging. The
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new method has been adapted to the study of the survival of transfused red
cells and the quality control of stored blood. Speclal equipment has been
designed and adapted for carrying out a wide variety of Croi erythrocyte~

tagging experiments under field conditions with a minimwn of labor asnd tech-
nical assistance.

Confirmatory experiments have been carried out in relation to dynamics
of erythrocyte tegging, post-transfusion disappearsnce characteristics of
chromium-tagged erythrocytes of fresh and stored blood, and the application
of the method to red cell visbility studies in vivo. In additiom s‘ﬁudy of
chromium toxicity to erythrocytes in vivo and g vitro has been initiated.

Intensive study has been made of severe battle casualties in Korea to
learn what harmful effects may result from massive transfusions of stored
whole blood. No harmful effects were found that could be attributed to
hemoglobinemia, hyperkalemia, citrate intoxication, lack of white cells,
platelets, or clotting factors in stored blood.

Blood Volume Studies with Isotopic Tags. Good correlation was observed
between Crol survival and Ashby survival in severe hemolytic studies.

crol disappearance in normal subjects seems to follow a relatively re-
producible curve.

Further study of crol in patients undergoing splenectomy has been per=-
formed.

Crol-tagged cells injected into subjects of incompatible blood type are
immediately destroyed and no crol activity is detected in the blood after
this despite the fact that hemoglobin (presumably labeled) is released into
the plasma. When Crol-lsbeled hemoglobin is injected, however, radiosctivity
is detected and disappears in proportion to the hemoglobin disappearance.

Transfusion Reactions due to Leukocyte Incompatibility. One patient with
leukocyte antibodies for other human leukocytes, presumably secondary to many
transfusions, has been characterized by agglutination and complement-fixation
studies. Additional patients with multiple transfusions have been tested and
no entibody fourd.

Leukopenias due to drugs (e.g. chloramphenoid) have been studied with the
offending drug added to the system and no agglutinins have been found.

Produection of Leukocyte Agglutinins in Animals. Anti-human leukocyte sera
of all cell types showed no specificity. High potency antieguinea pig leukocyte
sera were prepared.

Agglutinins against normal leukocytes, granulocytic, acute lymphocytic,
and chronic lymphocytic leukemic cells have been prepared. These sera show
no specificity of cell type. Quantitative complement-fixation tests have been
worked out for checking the specificity of these reactions.

Potent anti-guinea pig leukocyte sera were made by a process of repeated
impunization.
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The Universal Donor, Its Re-evaluation. A laboratory and clinical re-
evaluation of the universal donor was continued. Blood group O donors were
chosen by screening the O bloods from the WRAH Blood Bank for an anti-a
egglutinin titer of less than 1:256. These bloods were then tested for im~
mune anti-A end anti-A ischemolysins. Those bloods that had immune and/or
hemolysin titers greater than 1:256 were used. ’

One of the 6 recipients infused with such bloods experienced a mild
clinical reaction accompanied by a temperature of 101° 13 hours postinfusion.
The fever subsided within 4 hours postinfusion; there was a gradual reduction
in hematocrit from 42 to 33 over a 5-day period with a corresponding reduction
in hemoglobin and total red count. The donor had en immune anti-A titer of
1:4000 and aen anti-A ischemolysin titer of 1:8. None of the remaining 5
recipients experienced any clinical or laboratory reaction. Accumulating
evidence indicates that the circulatory blood group substance of the recipient
may play an important role in his protection fram transfused incompatible anti-
b

The significance of the stimulation of isohemolysins and immme iso-anti-
bodies in military personnel by routine vaccinations was presented to the
Commission on Immmization, AFEB. It has been found that certain samples of
tetanus toxoid routinely used by the Armed Forces contain blood group sube
stance A, a potent antigenic substance in the production of immune anti-A and
anti-A hemolysin.

A study of the effect of purification of tetanus toxoid on its blood
group substance A constant was initiated. Serial dilutions of a standard
anti-A serum were allowed to react with constant amounts of the tetanus tox-
oid. Standard type A red cell suspensions were then added and the agglutinin
titer measured and compared with the initial titer of anti-«A. In co-operation
with NIH the “contemination" of tetanus toxoid with blood group substance A
is being studied. Since a single injection of as little as 0.0l mg. of the
purified blood group substance is antigenic in 80-85% of humans capable of
being stimulated, it is recommended that manufacturers be required to use
culture media free of hlood group substance A.

Histochemical Methods in Blood Morphology. Glycogen was found after 8
days in survived platelets prepared by differential centrifugation of human
blood preserved in sequestrene and stored at 4-6° c. This is in disagreement
with the findings of Rheingold and Wislocki (Blood, 3:64l, 1948) that by
the Bauer-Feulgen method platelets do not contain glycogen. Glycogen was
found to persist for 3-4 days in survived eranulocytes. The periodic acid
positive granules persist in stored platelets for as long es 8 days.

The Sudan Black B method of Bloom and Wisiocki was used in the study of
sudanophilic granules of stored leukocytes. Leukocyte concentrates were
prepared from heparinized blool and stored at 4-6° C. in phosphate buffered
saline with added glucose. Positive stailning reaction was found to persist
atter 3-i days' storage.

Photomicrographic facilities for transmitted Light and phase contrast
have been set up and standardized for black and white and color work. This
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will provide a means of documenting the comparative morphologic appearance
of blood cells by the various histochemical techniquese.

_Compa.re.tive studies on copper- and iron-deficient dogs involved a study
of blood snd bone marrow smears and peripheral values y 1.e. total red ceil

count, hemoglobin hematocrit, total white count ; differentiel, platelet, and
reticulocyte counts.

Contrary to published observations that the anemias of copper and iron
deficiency are indistinguishsble, it was found that copper deficiency in dogs
produces an anemia characterized by decreased numbers of red cells » With the
maintenance of relatively normal red cell values (MCV, MCHC). TIn the bone

marrow of copper-deficient dogs there is evidence of a defective maturation of
erythroid elements.

Sprue. Plans for hemstologic and metebolic studies on tropical sprue in
Puerto Rico were formulated. Arrangements for a conference of sprue experts
to be held in July at AMSGS were completed.

Alterations of the Blood Coagulation Mechanism During Recovery from
Severe Wounds. Since the changes observed in the battie casusity could not
be further characterized by study of patients undergoing elective surgery
(study of 10 patients tor the lst postoperative days failed to show changes
in prothrombin activity similar to those observed in the battle casualty), such
study was discontinued.

The coagulation data collected in Korea are ready to be submitted to The
Surgeon General. The final report on hepatic function following wounding 1s
near completion.

The following tests have been set up and standardized for clinical or
research purposes: clotting time in silicone, anti-thrombin, two-stage pro-
thrambin, prothrombin conversion, labile factor determination, and stable
factor determination.

Hemoglobin Catabolism. Studies on the mechanism of clearance of hemo-
globin from the plasma have continued. EXperiments on normal rabbits show
that following a single repid injection (hemoglobin tolerance test) the hemo-
globin disappears in logarithmic fashion whether renal excretion of hemo-
globin occurs or not. Continuous intravenous infusion of hemoglobin solution
at a constant rate in the normal unanesthetized rabbit for periods up to
hours shows that the rate of hemoglobin clesrance is remarkedly constant in
individual animals for periods up to 4 hours. After 3 to 4 hours the rate of
clesrance may increase or decrease depending upon the rate of addition of
hemoglobin to the plasma and the total dose of hemogiobin administered. A
dog with sn explanted kidney has been prepared so that rensl blood flow can
be altered and its effect on hemoglobin clearance studied as well as the
effect of hemoglobin on the kidney.

A study of the benzidine method for determining plasma hemogiobin which
included some characterization of the substance in plesma which interferes
with the pseudo-peroxidsse reaction of hemoglobin was completed. The use of
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alcoholic benzidine solution (Ham's method) gives excellent recoveries.

Iran Metsbolism with Fe’?. Study of Fe?? iron meteabolism using FedY
tracer technique has been made in e variety of clinical conditions, including
aplastic anemia, hemolytic anemia, and hemochromatosis.

Exrythrocyte MCV Sﬁgz. A study of the changes in erythrocyte size
following major thoracic or abdominel surgery has been initiated. It in-
cludes serial determination postoperatively or mean cell volume, mesn cell
hemoglobin concentration, aumd plasma and erythrocyte potassium and phosphorus
concentrations. Data are incomplete on the lst 8 patients , but small decre=-
ments in MCV were found postoperatively in 2 patients.

Hemolytic System of PNH. ‘‘he titrimetric versene wmethod for guantita-
Live Ca determinaiion snd the titan yellow procedure for quentitative Mg
determination have been selected as the best available. There has been some
difficulty in sdspting them to whole blood, though they work well with plasma.

Transfusion Freeze Drying of Unmodified Whole Blood. A progrem was under-
taken to learn whether it is possible to freeze wnmodified citrated blood in
such a way that viable red cells can be returned to the unfrozen state. This
has been done only when & very thin film of blood on a thin glass tube wes
abruptly plunged into liquid nitrogen. The blood beceme vitrified (passed
into a solid state without formation of ice crystals), was held at the ex-
tremely low temperature until it wes to be thawed, then the tube was plunged
Into warm saline. The red cells did not hemolyze. The blood on some of
the tubes was dried from the frozen state. Thus far the red cells could not
be reconstituted without complete hemolysis.

FUTURE. Work will continue slong the lines indiceted. New phases of
investigation sre outlined in the order followed above.

A 2nd pilot study will test a set of instructions for setting up an
accurate method of hemoglobinometry in clinical laboratories using cyan-
methemoglobin solutions of precisely known concentration

Standard hemoglobin solutions and instructions on hemoglobinometry
will be provided for sll laboratories of the Army. The same will be offered
to the Air Force and Kavy.

The study of patients here and in Korea will be continued, measuring the
erythrocyte size, electrolyte content, water and hemoglobin content, and
fragility, duwring and after injury, alarm, and administration of salt solu-
tions and cortisone.

Continued study of problems relsted to the extensive use of whole blood
in the Korean combat ares, with speciasl emphasis on the measurement of the
qug,iity of the blood by means of in vivo viability studies, employing the
Cr technique.

Study of the effect of transfusion of “outdated" blood.
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Evaluate and characterize hemoglobinuric transfusion reactions when ='they
occur in the combat zone. ‘

Apply a streamlined method in Crsl tracer measurements to various problems
related to wounding and blood transfusion.

Further study of the metabolic activit{ of Cr°l is contemplated in
animals. More comparisons of Ashby and Cr2l survival curves will be obtained-
The limits of Crol disappearance in normal subjects will be defined.

The search for other subjects with acquired leukocyte sntibodies will
continue.

It is planned to continue the observations on other leukemic cells as
patients are hospitalized.

Contingent upon avallability of persomnel, a study will be initiated on
the partition of blood group substance in the urine in en attempt to correlate
the fractions (protein and polysaccharide) with the ability of O blood
recipients to neutralize antibody.

Studies on preserved blood will be extended by the application of other
methods. These tests will also be applied to leukemias and lymphomas before,
during, and after chemotherapy.

Studies will continue on the clearsnce of plasmes hemoglobin in the
rabbit and of factors which influence its clearance employing the constant
infusion technique. Study will be made of incorporation of 835-1abeted
cystine into the stroma and hemoglobin of erythrocytes. Study will be made
of clesrance and metabolic fate of S35-labeled hemoglobin with particular
reference to the formation of ferritin. Study will be made of hemoglobin
clearance in the kidney using a dog with an explanted kidney.

Erythrocyte MCV studies will be made on patients receiving cortisone.
Studies will be made of the in-vitro effect of cortisone on erythrocytes.

It is planned to clarify the role of magnesium and calcium in the enzyme
systems involved in PNH, hemolytic complement, and coagulation, and to
determine whether fluctuations of these cations are related to increased
hemolysis during sleep.
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Project No, 6-60-09-11 NOT FOR PUBLICATION
Report Date 30 June 1953

Army Hepatic and Metabolic Center

Army Med Sv Grad School
Walter Reed Army ledical Center
Washington, D, G,

BRIEF, The objective is to conduct clinical studies on acute and chronic
hepatitis,

PROGRESS. (Annual Report) This department of the Army Medical Service
Graduate School is under the guidance of the Commission on liver Diseases of
the Armed Forces Epidemiological Board. The mission of the unit was centered
mainly around the study of liver disease in the Armed Forces, but now includes
general metabolic problems of the sick and wounded. The functions may be
divided into research, patient care, and teaching,

Fifty beds at WRAH have been allotted to this unit, 38 in 1 ward of the
Medical Service and 12 on another ward which, together with a diet kitchen,
laboratories, operating room, conference room, and offices, make up the Metabolic
Ward of WRAH, Most cases of liver diseese admitted to this hospital along with
general metabolic and endocrine problems are sent to the larger ward where they
are cared for under the supervision of a member of this department, Cases
requiring very careful metabolic studies, on the other hard, are transferred
to the special metabolic ward, Clinical facilities also include an outpatient
clinic; this permits the follow-up of patients already studied., With the open-
ing of the Metabolic Ward, the additional laboratory space permitted the utili-
zation of considerable eguipment acquired when the unit was at Valley Forge
Army Hospital. Special new equipment was also provided,

ACTH Therapy in Acute Viral Hepatitis. Acute viral hepatitis treated with
ACTH or glucose infusions continued under study. The group now treated includes
49 cases with 49 controls. The treated cases are divided into 5 groups ranging
from a single daily dose given subcutaneously to the current program of intra-
venous ACTH given in diminishing doses until the total serum bilirubin is 1
milligram or lower. Controls are divided into those receiving no intravenous
medication and those receiving intravenous glucose over the same period that
the intravenous ACTH is given in the treated cases. ACTH is now given in these
dosages: 20 milligrams for 5 days followed by 10 milligrams for 5 days then
5 milligrams daily until the total serum bilirubin reaches 1 milligram%. When
one compares the smell group treated with this course and the controls who
received no medication whatever but who were on the same basal program, one
finds a reather striking difference in duration of abnormality of the 4 bvasic
liver function tests measured. The duration of positive urine bilirubin in
treated cases is 6,2 days versus 17.9 days in controls, The duration of positive
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total serum bilirubin is 21.2 days in treated versus 43 days in controls,

The duration of positive thymol turbidity is 15.3 days, compared to 41,8 days
in controls, and the duration of positive cephalin-cholesterol flocculation

is 17,3 days versus 26.4 days in controls, It is emphasized that these figures
are not statistically significent because of the wide variation found, Cases
of early hepatitis are not routinely admitted to this hospital,

Five cases of what might clinically be termed "cholangiolitic hepatitis®
were treated, With the newest course of ACTH, the improvement has been dramatic
and maintained in the early cuses. Although in the late cases (longer thau 8
months after onset of jaundice) there was seen a relapse after ACTH withdrawal,
i:;p would appear that e trial of ACTH is indicated in all cases of cholangiolitic

atitis,

Clinical Studies with Chronic Viral Hepatitis. About 100 of these cases
have now been carefully studied and followed, These patients have generally
failed to respond consistently to treatment with bed rest, antibiotics, ACTH,
or cortisone., With a view to returning to duty as many as possible, graded
exercise has been prescribed to determine how much activity these patients can
tolerate without a worsening of their hepatitis. All patients are followed by
frequent examinations and liver function testing during and following the exer-
cise. In 8 patients studied, no worsening of liver function was seen; they
have been returned to duty, and will be seen at intervals for further evalua-
tion.

Portacaval Shunts in Patients with Esophageal Varices. To date there
have been 28 patients operated. Where possible a portacaval slunt has been
performed; where not feasible, a splenorensl anastomosis has been made, The
average time of surgery for the former is 2 3/4 hours. Two patients expired
as a result of this procedure and word came that a 3rd died in liver failure
8 months after the procedure. One of these developed severe liver failure and
died within 5 days after operation. He was a poor operative risk initially,
having been actively bleeding from varices for 2 days prior to surgery., The
2nd patient quite unexpectedly developed jaundice and hepatic failure within
2 weeks after surgery, although initially doing well. He expired in hepatic
coma 45 days after the operation. The explanation is not clear. With the
single exception of lack of stability of liver function, no consistent contra-
indications have been found for this procedure, providing esophsgeal varices
have been demonstrated, With a changing clinical picture, surgery should be
deferred, One patient was carefully studied by means of a metabolic balance
before and after his portacaval shunt, This experiment showed that the shunting
of the blood from the liver to the peripheral circulation apparently causes no
deleterious effects on the handling of food. His total circulating plasma
volume decreased by about 800 cc. when comparing postshunt with preshunt values,
These patients show a shrinking of liver and of spleen size in the postshunt
period, There is a uniform worsening of liver function immediately after
surgery; serum bilirubin will remsin positive for an aversge of about 30 days
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at which time it will be at its preoperative level or lower. There was observed
a consistent lowering of the thymol and the zinc turbidity immedietely following
surgery which after a few days returns to the preoperative level., The complete
explanation is not clear, In 12 patients there was a drop in serum albumin
levels. associated with peripheral edema and ascites following surgery. These
albumin levels have been lowest in the 1lst month after surgery but thereafter
tended to return to their preoperative level, There were no instances of
hemorrhage following operation, A careful follow-up is part of the study to
determine how effective the operation is for prevention of hemorrhege and what °
the late effects are upon liver function,

Bacteriology of the Human Iiver. An attempt was made to determine the
presence or absence of bacteria in normal human livers at laparotomy and from
liver biopsies in patients with acute and chronic liver disease. The subject
is important because of the demonstrated role of the intestinal bacteria in
the pathogenesis of experimental liver disease. In only 2 of 85 biopsies from
living patients were there organisms found; 7 of 20 biopsies from dogs, on the
other hand, showed growth, Apparently living bacteria are rarely present in
the human liver. Their role in the liver in shock and irradiation injury, how-
ever, deserves study,

Nitrogen Balance in Acute Hepatitis, Since the demonstration by Patek
and Post of the beneficial effects of a high caloric, high protein diet in the
treatment of cirrhosis, it has also been prescribed for other liver diseases,
particularly hepatitis. In view of the paucity of control data to determine
whether a regimen is really valuable and because of the suggestion that in
early hepatifis such a regimen may be harmful, studies by the metabolic balance
technique haye been undertaken, Four patients with acute hepatitis were studied
with constanti liquid diets during the lst 3 weeks of their disease; all were
started on the 3rd day of jaundice, The lst patient was a serum hepatitis who
was somewhat depleted from convalescing from a wound of the upper extremities,
The diet given was 2000 calories with 60 grams of protein per day. There was
noted an average of minus 0,42 grams per day of nitrogen balance, tul no evidence
of a change in the trend of nitrogen balance which might have been correlated
with changes of liver function,

The 2nd patient was also a serum hepatitis who was very undernourished
while convalescing from wounds, On a similar diet, his balance figures showed
a positive 0,37 grams per day nitrogen balance. Again there was no trend in
the balance as correlated with improvement of liver function,

Incomplete studies in a 3rd patient with serum hepatitis seem to show
that, although given only a 2000-calorie diet with 30 grams of protein per dsy,
he was in negative jnitrogen balance for the 1lst week and in slight positive
balance for the 2nd| and 3rd weeks,

The 4th, who presumably had epidemic hepatitis, was in normal nutritional
state at the start., There was an average daily negative balance of 1.48 grams
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per day. There was a definite decrease, however, in the amount of negative
balance from the beginning to the end of the study (minus 2 grams per day to
equilibrium). He had & very mild case of hepatitis, both clinically and by
laboratory tests. The differences between epidemic and serum hepatitis are
believed not to be significant. The nutritional status at the start of the
studies was thought to exert the greatest influence upon the direction of
nltrogen balance, The disturbances of liver function in hepatitis appear to
bave little effect on the over-all metabolism and deposition of nitrogen., There
is no evidence, from these studies, that dietary protein or calories in excess
of the amounts needed to maintain the body "protein stores" are necessary in
acute hepatitis., The total balence of nitrogen in these cases was more directly
influenced by the pre-existing nutritional state than by the degree of liver
dysfunction seen,

Comparison of Glucose and Fructose in Therapy of Iiver Disease. It has
been indicated that fructose might enter the glycolytic cycle more easily than
glucose and so might be of value in the therapy of liver disease, A 7-week
metabolic study carried out in a patient with cirrhosis in whom nitrogen
balance and blood levels and urinary excretion of various carbohydrate inter-
mediates were measured during alternate periods of feeding of glucose and
fructose showed no differences in nitrogen balance. The only observed dif-
ference was a greater urinary excretion of pyruvate and alpha-ketoglutarate
during administration of fructose. No clinical superiority was seen with
fructose as compared with glucose,

Ethanol Metabolism, Four individuals have now been studied in whom 30 -

80 cc of alcohol were infused intravemously while blood from the hepatic vein,

eripheral vein, and artery were examined, In the short period of this test,
{)2 bhours) following the alcohol edministration there was no significant change
in the serum protein or liver function tests with the possible exception of a
slight bilirubinemia which occurred in 2 persons and lasted 24 hours (this is
believed not to be related to hemolysis), The hematocrit in all these subjects
fell because of withdrawal of up to 700 cc of blood during the experiment.
They developed a metabolic acidosis, manifested by a fall in pH, increase in
organic acids, increase in 00, tension toward the end of theitest (where hyper—
ventilation due to excitement disappesred), and a decrease in blood buffer base
end bicarbonate, as defined by Singer & Hastings., These changes appeared to be
dus to a rise in organic acids, presumably acetate, which forms from the oxida~
tion of alcohol., In 4 dogs this acidosis in the peripheral blood did not take
place when large amounts of carbohydrate and amino acids were administered.
Blood calculations indicated that about 6% of the ethanol was in the *acetate
form during this study.

Oxygen saturation, oXygen capacity, and oxygen content in the 3 portals
showed no significant changes in the 2 patients., Ingyme studies of phosphatase
and cholinesterase revealed no significant change except for a slight drop in‘
the cholinesterase to be explained possibly by hemodilution. The blood ammonia
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fell slightly but consistently during the alcohol administration. The urea
output of the liver diminished following alcohol. NEN output likewise fell;
this may mean reduced liver production of NFN. Glucose output in the liver
fell slightly in all cases. Pyruvate output from the liver showed a marked
drop and alpha-ketoglutarate output dropped significently following the alcohol.
Lactate coming from the liver, on the other hand, showed a striking rise along
with the alcohol infusion, The drop of pyruvate and the marked rise of lactate
in the liver are interpreted to mean that while the alcohol is dehydrogenated
to acetaldehyde, the 2 hydrogen atoms are transferred ultimately to pyruvate
which then is reduced to lactate., The reduction of output of glucose, uron,
and NEN by the liver may be related to a blochemical effect rather than to the
caloric sparing action of the alcohol,

Ammonia Metabolism. In severe liver disease there may be a slight to
marked elevation of the blood ammonia, No elevations were seen in normals; in
patients with hepatitis, mild cirrhosis, and on occasion moderately severe
cirriosis, Some elevated values were seen in patients with cirrhosis who died
of hepatic failure or who were in their lst to 2nd postoperative week after
portacaval shunt., The ammonium citrate tolerance tests indicated that normal
persons clear ammonia from the blood readily and in a uniform wgy. Persons with
severe liver disease showed abmormsl curves manifested by a very high 1/2-hour
end l-hour blood ammonia level, followed by a slow drop. This may be explained
by the fact that the liver does not remove ammonia rapidly enough because of
poor parenchymel function or because of poor circulation to the liver following
portacaval shunt, Patients with varices usually show abnormal tolerance tests
which become more aboormal following portacaval shunt, Some factors that
affect the blood ammonia are: (a) Parenchymal liver disease; (b) Decrease of
circulation to the liver, as in patients with varices after portacavel shunt;
(¢) In liver anoxia, as in hemorrhasgenic shock, there is often a rise of the
amonia; end (d) Following administration of ethyl alcohol the blood ammonia
falls, The blood ammonia produced in these conditions appeared to be coming
mainly from the muscles,

Iron Metabolism in Iiver Disease. Previous studies showed that patients
with acute hepatitis have an elevated serum iron; this is not present in
patients with cirrhosis or obstructive jaundice., Investigation of the plasma
turnover rate of radioactive iron in acute hepatitis shows that it is 2 to 3
times faster than in normals, The cause is unknown, If, however, it reflects
red blood cell production it would seem that hepatitis is accompanied by a
definite increase in red blood cell destruction.

Metabolic Fffects of Modified Human Globin, Two metabolic studies were
conducted using the balance techmique. A number of toxic effects of globin
were noted, so short-term studies on 2 additional patients were made. It was
found that the globin produced a proteinuria consisting not only of infused
globin but of other serum proteins, An irritative reaction was also noted in
the kidney, manifested by the appearance in the urine of red cells, white cells,
and casts, Globin produced a rise in the sedimentation rate and also in the
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serum globulin (primerily gamma globulin). After repeated infusions, globin
caused a fall in the endogenous creatinine clearance. Repeated infusions of
globin were found to lead to the appearance of gross hematuria. Rapid infusions
of globin produced an allergic type of reaction, manifested by flushing, itching,
and urticaria, Rapid infusion also caused a rise in the body temperature after
the end of the infusion. However, even slow infusions of globin ceused a marked
anorexia,

The balance tests showed that during the lst few days of repeated globid
infusions most of the infused nitrogen is retained. Thereafter increasing
amunts are excreted in the urine and eventually the patient develops a negative
nitrogen balance even while the infusions contime. About 10% of the infusefl
globin is excreted unchanged in the urine. Altbough there was found a potagsium
retention during the globin infusion in approximately the same ratio to nitrogen
retention that would be expected if protoplasm were being formed, it is unlikely
that this indicates such utilization of the globin since all of the retained
potassium was subsequently excreted., These studies seem to indicate, therefore,
that the globin was stored unchanged in the body rather than metabolized.

Effects of Testosterone on liver Function and Protein Metabolism in Iiver
Disease. Because it has been assumed that a high-protein intake is desirable
in treatment of chronic liver disease, testosterone has been studied as an
anabolic material as a supplement to a known dietary intake, Two patients with
severe liver disease were studied under balance conditions, Four other patients,
started on testosterone, are being followed clinically and by liver function
tests, The 1lst in whom nitrogen balance was studied was a 24~year-old female
with proven cirrhosis who had had a portacaval shunt 3 months prior to study.
She had been in hepatic coma about 2 months before her study. On a 2400-calorie
diet with 100 grams of protein (2 grams per kilo per day) the patient was in
positive nitrogen balance averaging £3.16 grams deily during a 12-day initial
base~line period, During an 18-day course during which a total of 200 milli-
grams of testosterone propionate was given, the average daily nitrogen balance
was 44,1 grams, During a 12-day study period after it was stopped the nitrogen
balance averaged 3.25 grams of nitrogen daily. In the course of this study the
petient gained and retained 2 1/2 ldlograms, Other evidence suggests that there
was a production of new protein tissue. Liver function tests, however, showed
no improvement throughout.

The 2nd patient was a cirrhotic who had developed ascites 2 months before
edmission, On a 1540-calorie diet with 50 grams per day of protein (3/4 of a
gram protein per kilogram per day) he was in positive nitrogen balance averag-
ing ,ﬁfg grams per day, When 25 milligrams per day of testosterone were added
the patient averaged £1.44 of nitrogen per day. On the same caloric intake
with 100 grams of protein per day (1.25 gram protein per kilogram per day) he
averaged 42,5 grams of nitrogen per day. On this diet plus testosterone_he
averaged #5.88 grams per day. The use of testosterone did not prevent hinm
from clearing his ascites although it probably slowed this down, Iiver function
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tests did not materially improve during 31 days of study. The ascites cleared,
‘his liver size diminished, and spider angiomata decreased from 18 to 3 during
the study period. Two cirrhotics and 2 patients with chronic hepatitis now
receive testosterone propionate, 25 milligrams 3 times per week, These patients
previously failed to respond to other therapy. It is too early to draw conclu~
sions, The clinical study will include other patients refractory to the
available forms of therapy.

Amino Acid Tolerance. It has been proposed that the disappearance rate
of intravenously infused amino acids may be related to protein synthesis in
the body. Tolerance tests have now been performed on 15 patients with and with-
out liver disease., In blood and urine the output of alpha amino nitrogen was
measured (method of Hamilton and Van Slyke), In all instences the rate of.
disappearance of alpha amino nitrogen from the blood has been well correlated
with the patient's body weight and surface area but not with almormalities of
liver function., A large man with impaired liver function of a moderate degree
clears his blood of alphe amino nitrogen much faster than a smaller man with
no known liver function atmormalities, This apparently importent role of muscle
in the metabolism of amino acids is to be further studied in dogs, Detailed
studies were done in a normal patient who received i.v. compound F (hydrocorti-
sone); an acute load of amino acids was disposed of as promptly as in the
untreated state but there was slightly more urinary loss. Pasting levels of
alpha amino nitrogen rose with compound F and remained elevated 3 to 4 days
after its discontinuance,

Motabolic Effects of Intravenous Compound ¥, Published evidence has
accumilated that compound ¥ is probably the adrenal hormone which mediates the

stress reaction in man, A single experiment was conducted in order to under-
stand better the metabolic effects of stress, It was shown that, as with
cortisone, the negative nitrogen balance produced with compound F may be pre-
vented with high protein feeding. In 1l case it was shown to require 1,4 grams
of protein per kilogram, At this level of protein intake, however, infusions
of amino acids are less well utilized and retained when they are given during
compound F treatment. The urine alpha~ketoglutarate and pyruvate showed less
rise after the infusion of amino acids; this suggested a direct utilization
rather than gluconeogenesis from the infused amino acids. Compound F caused
considerable sodium retention on an intake of 150 milliequivalents per day of
sodium, With this a weight gain resulted which could be accounted for bty fluid
retention. There was a slight (15 milliequivelents) potassium diuresis the 1st
day of compound F therapy even though the patient was then in positive nitrogen
balance, The saliva sodium/potassium ratio was'unchenged even at the peak of
the sodium retention of compound F. There seemed to be a mild to marked sup-
pression of urinary excretion of formaldehydogenic steroids for 4 days after
compound F was stopped. Urinary steroids then returned to normel; 17-keto-
steroids were only slightly decreased after compourd F,
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Protein and Calorie Requirements in Convalescence. There is some evidence
that more rapid postoperative recovery occurs when nitrogen balance 1s positive,
and that 30 calories per kilo per day are necessary regardless of protein intake
to maintain positive nitrogen balance and with this caloric level at least 1,9
grams of protein per kilo are needed to assure positive nitrogen balance after
surgery. No good figures are available for the dietary management of convales-
cents, Some severely wounded patients do not eat well, Studies are under way
in a chronically i1l patient who had been wounded and who has had a prolonged
recovery from that wound. He is now 15 pounds below his aversge weight, Various
levels of protein are given him with a high constant caloric intake, His
tite has improved, he seems more alert, and his wound seems to be healing better,
Nitrogen balance in patients of this sort will also be compared with varying
protein and constant caloric intake to determine the optimm amounts of calories
and nitrogen required for shortest recovery periods,

Antibody Production in the Wounded, To determine the capacity for protein
synthesis in wounded patients a measure of antibody response is being evaluated
in 2 groups., The 1lst is a group of hard-of-hearing but otherwise normal indivi-
duals who serve as controls., The 2nd consists of patients who show poor wound
healing and are slow in regaining their normal weight and state of nutrition,
All are under sge 35 and are Schick-~ and Maloney-negative. The control blood
sample and further samples on the 10th, l4th, and 2lst days are taken after the
intramiscular inoculation of 1 cc of diphtheria toxoid., Total serum proteins,
the albumin/globulin ratios, and diphtheria antitoxin levels are measured in
all samples, Incomplete data rewveal low serum proteins in the poor wound heal-
ing, poor nutrition patients with a reversal of the A/G ratio.

Plasma Volume and Total Circulating Proteins in Iiver Diseases and in the
Malnourished, Due to alteration of blood volume, simple determinations of

protein concentration in the diseased patient may give a false picture of the
state of blood protein stores, Infusion of saline solution or glucose not only
increases plasma volume but increases the total circulating protein and albumin
from 10% to 20% of the normel, It is postulated that this occurs as a response
to reduction of colloidosmotic pressure, It has been shown in hypoproteinemic
dogs that this response is greatly diminished or delayed, These studies will
be conducted in acute and chronic liver disease, cirrhosis, before and after
portacaval shunts, malnutrition problems, wounded soldiers, and after therapy
such as testosterone, designed to promote ansboliem, Blood volumes and total
circulating proteins have been measured in 3 patients who have had portacaval
anastomoses, In 1 the response to saline infusion was also measured. There
were increases in both plasma and blood volume in 3 cirrhotics. The total
circulating albumin in 2 was normal and diminished in 1.

Albumin Turnover Studies in Patients with Liver Disease and those Showing

Impaired Recovery from Injuries, 1L31-labeled albumin is used as a tracer. It
18 plenned later to use nb-la"be' led glycine as a check against the Iﬁi methods.

Pilot studies completed in viral hepatitis showed a normal to short turnover
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time as compared to published normal figures, Further studies will compare a
group of pormals with patients having delayed healing. It is hoped to clarify
the dynamics of protein metabolism,

Follow-up Study of Patients with Acute and Chronic Iiver Disease. Question-
naires have been sent to 30 patients who were 9 or more months beyond the onset
of acute viral hepatitis, All had been treated during the acute phase and biop-
sied within the 1lst week of jaundice., Replies were received from 19 and 13 have
been readmitted or seen as outpatients. All 13 were examined by means of history,
physical examination, liver profile, and BSP; 10 had a repeat liver biopsy. Nons
of these patients has significant symptoms or finmdings, Iiver function tests
were normal in each case and the liver biopsy varied from no changes to minimal
portal fibrosis, occasional focal necrosis, or similar minimel findings, This
follow-up will be continued,

Carbohydrate Metabolism in Humans with Fatty Iiver. Patients with fatty
liver, preferably fatty liver without cirrhosis, are given a standard intravenous
glucose tolerance test. Cases showing abnormal tests are then given insulin sen-
sitivity tests, In cases showing fatty liver by biopsy, glucose intolerance, and
insulin insensitivity, and in those with fatty liver but normal glucose tolerance
and insulin sensitivity, hepatic vein catheterization studies are carried out to
permit comparison with animals, To date 4 patients have been studied by glucose
tolerance tests; 2 of these have had hepatic vein catheterizations, The data
were inﬁgnclusive but seem to parallel findings in animals with fatty liver tat
no cirrhosis,

Carbohydrate Metabolism in Animals with Experimental Fatty Iiver, Since
patients with fatty liver frequently show intolerance to carbohydrate, a pro-
gram has been in progress to produce fatty liver in dogs by feeding diets
deficient in lipotropic factors in order to study this defect of carbohydrate
metabolism, Studies were completed in 7 such animals, The data show that fatty
liver is produced consistently after 5 weeks on the diet and that abnormalities
in glucose tolerance are regularly produced. These livers, however, contain
abnormally large amounts of glycogen. 1) A choline-deficient diet produces up
to 25% fat in the liver (wet weight)., 2) The glucose tolerance is impaired as
early as 3 weeks in some animals, regularly by 5 weeks., These abnormalities
vary from elevated fasting levels to frank diabetic curves and clinical diabetes
(polyuria, polydipsia, and weéight loss). 3) The liver glycogem content in
animals with fatty livers averages 7% of the weight, compared to & normal value
of about 3%, When compared with the nitrogen content, the increase in glycogen
is even greater. 4) In fasting state the liver produces glucose and citrate
end takes up keto acids in such animals, The muscle takes up glucose and:
relesses phosphate and keto acids, When glucose is infused to equilibrium,
blood levels of lactate and pyruvate rise, while those of phosphate and citrate
fall, The liver takes up phosphate and keto acids and produces citrate and the
mascles continue to take up glucose while releasing phosphate and keto acids,
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tested, only betehydroxybutyric acid was found to give a false positive reaction,
This substance cean be removed bty initial extraction and heating, The normal
blood level of citric acid was found to be 15 gamma/cc with a range of 8 to 19.
Patients with early acute hepatitis, severe chronic hepatitis, or cirrhosis tend
toalhave elevated blood levels while cases of obstructive jaundice have normal
value,

Alpha-ketoglutaric Acid and Pyruvic Acid in Iiver Disease. It has been
found that patiemnts with liver disease show a high level of blood ketoglutaric
acid and some also show elevations of pyruvic acid. Serial determinations in
acute hepatitis reveal that ketogluterate is elevated more often than the pyru-
vate and reaches peak elevations in the 2nd and 3rd weeks of disease, In
chronic liver disease there is found an elevation of ketoglutarate in most cases,
This, however, is associated very often with marked daily fluctuations of both
ketoglutarate and pyruvate, In fatal liver disease, the ketoglutarate rises
relatively high more rapidly then does pyruvate. In 1 patient the ketoglutarate
rose to 5 times the normal value while the pyruvate was found to be only slightly
elevated just before death, In a few cases of pure obstructive jeundice, the
keto acids were normal, In a few complicated cases of jaundice such bhiliary
cirrhosis with long~continued obstruction and associated parenchymal disease,
the values for ketoglutarate were normal, In patients with liver disease who
have esophageal varices there is no elevation of ketoglutarate or of the pyruvate,
Imediately after the portacaval stnnt there is seen a marked rise in keto acids
which later returns to the preoperative level, This would tend to indicate that
the parenchymal demsge and circulatory impairment affect the level of keto acids,
In 1 patient careful studies were made before and after portacaval shunt with
and without terramycin, The ingestion of food seems to have very little or no
effect on the keto acid level, ILikewise the bacterial metabolism in the gut
appeared to have no effect on the blood keto acids, But alcohol caused a drop
of pyruvate and ketoglutarate, particularly in hepatic vein blood,

Anion Fractionation of Urine., A number of nmormals and patients with
metabolic problems have been studied very carefully serially by means of anion
fractionation of the urine, It was found on preliminary enalysis that in normals
organic acid excretion is 25 to 50 milliequivalents per day and this represents
10 to 18% of the total anions (exclusive of bicarbonate). In patients with
severe liver disease the data showed there are more orgenic acids excreted than
are found in normals and relatively more organic acids in relationship to the
total anions than are found in normals, The method was applied in 2 cases of
metabolic acidosis associated with hepatic coma, The lst was found to have
about 40 milliequivalents of organic acid per liter of plasma, the 2nd about
20 milliequivalents per liter, Both showed collateral findings of acidosis,
The 2nd case of hepatic coma was studied serially over a period of 2 weeks and
showed a slow but steady rise of the organic acid fraction in the period which
ended in death., It is believed that this represents a fallure of the liver to
remove acids which are normally produced by the peripheral tissues.
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Tvwo other interesting cases of acidosis (nondiabetic) were studied. 1 a
3-year-old boy who excreted 128 milliequivalents per liter of orgenic aéids.
This represented 59% of his anions during his acidosis. No specific metabolic
defect was disgnosed. The 2nd patient was a S54-year-old paraldehyde addict
who suddenly developed severe acidosis and excreted 455 milliequivalents of
organic acid in 1 day, representing 80% of her total enions. The effect of an
acid ash and an alkaline ash diet on the urinary acid excretion was also studied
On the latter 1 patient excreted 20% of the anions as organic acid. On a
neutral ash diet this fell to 10%; on an acid ash diet it fell to 9%.

Additional data for the quarter ending 30 June 1953 were répoarted:

Carbohydrate Metabolism in Animals with Experimental Fatty Liver

It is desirsble to complete 1 more control animal. Two more stock diet
control dogs were also completed. Although conclusions ere preliminary, it
hes been noted that the choline-deficient diet plus added choline does not
prevent in toto the abnormalities that appear in the choline-deficient diet.
Animals receiving the speciel diet do not develop fatty liver nor is the
glucose tolerance grossly sbnormal. Yet it is more asbnormal after 5 weeks
than in e comparable group fed a normal stock diet. One feature of impor-
tence is the low protein intake. Animsls in the choline-supplemented special
diet develop a comparable degree of hypoproteinemia as do choline~deficient
animals. 3tock diet animals do not.

Portal Circulation Time in Acute and Chroaic Liver Disease

Further determinations of the ether circulation time have been carried out
in 80 patients with and without liver disease, with these results: 1) The
normal time has been shown by previous workers to fall between 15 and 25
seconds. A receant report claims that circulation times of up to 60 seconds
have been found in patients with nonhepatic disease. In 12 normals studied
here the portal circulation time varied between 14 and 53 seconds--average,
37s5. 2) fThe average time in 40 cirrhotics was 38.5 seconds. 3) The
average time in 1l patients with acute hepatitis was 38.1 seconds. 4) Attempts
to correlate the portal circulation time with the pressure obtained at esoph-
agoscopy and at surgery gave no good correlation.

Follow-up Study of Patients with Acute and Chronic Hepatitis

Eleven patients who participated in the study of diet and exercise in Kyoto
have been admitted for further evaluation. They manifested residual symptoms,
physical findings, or laboratory evidences of liver disease. Liver bilopsies
have showa a number of nomspecific changes. Liver function tests have not been
strikingly sbnormal in any of the 1ll.

Plasma Volume and Total Circulating Proteins in
Liver Disease and in Malnourished Patients

Three patients who had been severely wounded and developed secondary mal-
nutrition showed a reletively high plasma volume when compared to their present
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body weights. The plasma volumes average 20% over the expected normal. If ’
however, the plesma volumes are related to normal weight, they are then in

the proper renge. This is consistent with other studies in 32 volunteers who
were found to heve a slightly increased plasma volume after starvation. The
measurements will again be made following dietary repletion. One of the
questions which may be answered is: does the protein concentration reflect

the state of circulating protein? Early data show that 3 of b patients with
albumin concentration below 3.5 grams % have a normal total circulating albumin.
In 2 of 6 patients with the albumin concentration above 3.5 grems %, the total
circulating albumin was below normal. The question has been raised as to
whether the plasma volume is related to the protein concentration, total con-
tent of the protein, or to the protein fractions. In the cirrhotics with serum
albumin concentration below 3.5 grems %, the plasma volume tends to be high.
The converse is true for the globulin content. This suggests that factors
other than protein content are important in determining plasma volume. From
the data available one can estimate neither the protein content nor the plasma
volume by means of the protein concentration. The 3rd question is: can an
index of the state of protein nutrition be arrived at by examination of the
plasma coupeaertment? The lst approach has been the saline infusion technique.
contrary to statements made in the literature, it does not appear likely that
the saline infusion technique will prove useful. Using the same principle of
plasma volume expansion, however, dextran and salt-free albumin will be used
before abandoning this approach. A further question was the relative value of
the total circulating proteins and the total circulating hemoglobin as an index
of protein malnutrition. The findings of others that body weight and total
circulating hemoglobin are more closely related than are the circulating pro-
teins have been confirmed here.

Serum Iron and Steroids in Liver Disease

Experimental work was completed.

Since there exists very little precise informetion on the changes in the
serum protein fractions measured by electrophoretic technigues, a series of
acute nephrosis cases have been studied, B0 as to show significant changes in
alpha 2, beta, and gamma globulin.

A more extensive study of chronic hepatitis was carried through a series
of glucose and dextran infusions. Changes in serum protein components were
not simply those of dilution but involved more complicated shifts in the
iuterrelationships of the several fractionse.

Studies on the characteristic infrared absorption bands of the principal
components of normal and hepatitis sera have continued. Although such spectira
are extremely complex and difficult to interpret, there has been same evidence
of characteristic and identifiable bands. This phase of the work will be
discontinued.

FUTURE. Wwork will be continued as indicated.
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Viral Hepatitis and Hepatic Cirrhosis

Dr. W. Paul Havens, Jr,
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Philedelphia, Pa,

ERIEF, The objective is to do metabolic studies on viral hepatitis and
hepatic cirrhosis, including the use of ACTH and cortisone and their effects
on serum proteins, and the relationship of hormonal substances to hepatic diseasse,

PROGRESS. (Annual Report) Mstabolism of Gamma Globulin and Certain
Steroids in Hepatic Disease, Previous studies of the capacity of patients with
chronic hepatic disease to make antibody revealed unusually large amounts of
circulating antitoxin following the injectiqn of purified diphtheria toxoid in
Schick-negative patients with hepatic cirrhosis. It was not certain whether
this represented an increased potential for the production of antibody or a

diminished capacity to metabolize it,

As a stepﬂf the elucidation of this question, normsl humen gamma globulin
labeled with I was injected intravenously into 8 patients with hepatic cirr-
hosis end 10 controle (normals and patients convalescent from other diseases).

In 4 experiments, the half-life of injected gamma globulin measured from 5,2

to 10,8 days (av, 7.45 days) in the patients with hepatic cirrhosis, and from
10,6 to 16,6 days (av, 13,36 days) in the controls, The rates of disappearance
of radioactivity from the blood were rapid and similar in both groups during

the 1st 24 hours; 16-25% disappeared during the 1lst 4 hours after injection,

and 25-50% had disappeared at the end of 24 hours., Quantitative evaluation of
the radioactivity in the urine was made in 3 patients (2 controls end 1 cirrhotic)
during the 1st 4 days after injection, and 40-60% of the amount administered was
found, '

Investigation of 1 aspect of protein metabolism of battle casualties with
poor wound healing has been undertaken by determination of their cepacity to
meke antibody (diphtheria antitoxin) following the injection of diphtheria

Estrogens in the Urine after Injection of Testosterons, The counter-
current technique of distribution determined the amounts of estrone, estradiol,
and estriol in the urine of subjects (with and without hepatic disease) before
and af ter treatment with testosterone propionate, Data suggest that the urine
of normal msles containg a small asmount of free estriol and somewhat larger
amounts of conjugated estrone and estradiol. Administration of testosterone
was followed promptly by a sharp but transient increase in urinary estriol.

In subjects with hepatic disease, the pretreatment urine containsd somewhat
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more free estriol than that of normals., After injection, the increase in this
fraction was considerably greater and more prolonged than in normals,

In addition, after administration of testosterone, a substance sppeared
in the urine of patients with hepatic disease (but not in normels) which exhibited
the characteristic fluorescence reaction of estrone, estradiol, and estriol, but
which occurred in a different fraction in the counter-current distribution parti-
tioning procedure, Estrogenic activity (blo-asssy) was present in this frection,

Metabolism of Testosterone In-vitrd. Testosterone has been incubated with
liver mince from normal and 2-acetaminofluorene-treated rats, Incubations were
conducted for 15, 30, and 60 mimtes, and analyses of the extracted incubated
mixtures were made by the Zimmerman, Koenlg, and Pincus reactions and by ultra-
violet absorption (Beckman). These procedures should indicate the rate of
alteration of Ring A of testosterone and the rate of accumilation of 17-keto-
steroids in general and of androsterone specifically, Results obtained reveal
no significant differences between the normal and damsged livers, They do

~ emphasize the likelihood, however, that 15-minmute incubation may yleld informe-
tion that is not obtained by the customary l- or 2-hour incubations,

This work on livers of pormal rats pretreated with testosterone (before
sacrifice) strongly suggests that the in-vivo metabolism of this hormone may
differ considerably from the changes it undergoes when incubated with liver
in vitro., The exact nature of this difference is not clear, but preliminary
observations indicate that, in yivp, alteration in Ring A occurs rather slowly
(days) as compered with the very rapid (minutes) change which it undergoes ip

yitro,

Metabolism of st . Determinations of the excretion of pregnanediol
in the urine following injections of progesterons were made in 25 subjects with
and without hepatic disease, In some ceses of severe tic disease, the 'hfer-
centage of the injected hormone recovered as pregnanediol was very high, le
in those less seriously sick the percentage recovered was little altered from
that found in normals, Although this appears to be the lst observation of the
role of the liver in the metabolism of progesterone in man, previous animal
tests ylelded information on this subject. The recovery of pregnanediol is
dependent on at least 2 steps: the conversion of progesterone to pregnanediol
and the degradation of pregnanediol., The latter process is certainly red
in severe hepatic disease, whereas nothing definite cen be stated about

former,

Pllot studies suggested that the administration of progesterone may be
followed by a rise in excretion of 17-ketosteroids, The amounte of 17-keto-
steroids will be determined in aliquots of the above specimens,

taboliem of Cortical nes, Studies on the excretion of formsldehydo-
genic steroids following the administration of either cortisone or ACTH in

356




patients with hepatic disease gave variable results., Whereas the pattern of
excretion of these steroids in some instances appeared to be normel, there was
observed a lack of response in others, Mre observations will be required,

ITUTUEE, Work will continue as indicated,

FEFERENCES, Centarow, &, et al., "Studies on in vitro inactivation of
slpha~estradiol,® Fed, Proc. 1122, March 1952,
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mental snd Clinical Studies on te and Chronic atic Disease

Dr, Cecil J, Watson
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University of Minnesota Bospitals
Minneapolie 14, Minn,

ERIEF. The objective is to conduct studies which will correlate the
physiologic dysfunctions encountered in infectious hepatitis and its chronic

iﬂ;;ual;e with the pathologic chenges and clinical symptoms attributed to the
ection.

PROGEESS., (Ammal Report) liver Disease and Pigment Metabolism, The
past year wes largely devoted to basic research on the bile pigments and
porphyrins,

I d~urobilin and d-urobilinogen. A valnable method of isolation of 4~
urobilin was worked out and published. This is equally applicable %o stercobilin,
A much better method of crystallizing these compounds from methyl alcohol~ethyl
acetate has been reported., Ry the use of methyl alcohol and acetone, it was
possible for the let time to crystellize the free d-urobilin, The hydrobromlde
has also recently been crystallized to very good advantage., Free d-urobilin,
the hydrochloride, and the hydrobromide have all been analyzed, the data agree-
ing best with the formula C33H;oN;0¢. d-urobilin (thus isomeric with mesobili-
violin) is very readily converted to this compound and by further dehydrogenation
to the blue gleucobilin,

d-urobilinogen. (With Dr, Peul Lowry) Actually 2 crystelline d-urobi-
linogens have now been isolated: 1) a very light yellow compound of the formula
C33H,ol,06, 2) a colorless substance which is about to be analyzed. Both of

se, on simple dehydrogenation, yleld a dextrorotatory urobilin; both on

reduction with amalgem are converted to mesobilirubinogen, (C,qH,N,0c), This
latter change is irreversible. Dehydrogenation of mesobiliru en results in
the optically inactive urobilin, Dextro-compounds which are readily isolated
from the feces of patients who have received aureo~ or terramycin were believed
to represent an abnormal sequence due to an alteration in the bacterial flora;
recent work indicates that d-urobilinogen may be a normal intermediary,

II Direct conversion of bilirubin to urobilin, This was reported in the
1st reference below.

II1 The study with Dr, Paul Lowry clearly showed that fecal bacteria con-
vert Nj5 mesobilirubinogen to stercobilin, The former compound was obtained
by administering N5 glycine to a patient with hemolytic jesundice, to whom
terramycin has been given, briefly. During the early period of the terramycin
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effect on the fecal flora, most of the bile pigment excretion is in the form
of bilirubin, A new and very satisfactory method of isolating bilirubin from
uman feces was worked out and reported in a separate paper.

IV The stuly with Drs. Schwartz and Robert Green has finally resulted in
what is believed to be a very accurate and sensitive method for the determination
of urobtilin and/or stercobilin in blood., The present method excludes choletelin
on the basis of certain optical properties, ZEvidence shows this method may
prove of mach value in the differential diagnosis of jaundice and the detection
of liver disease, The study will be pushed ectively and will be directly corre-
lated with studies of the type and amount of urobilin in the urine (i,e., the
ratio of dextro, laevo, and optically inactive urobilins in different cases),

V Experimental hepatic (sedormid) porphyria. The consistent production
of an experimental hepatic porphyria in enimals by means of sedormid consti-
tutes 1 of the most material recent advances in this field, It now appears
that rats and mice are just as susceptible to the effect of sedormid from the
stendpoint of their porphyrin metabolism, Careful observation confirmed the
belief that excessive porphyrin and porphobilinogen formation is in the liver.
A patchy porphyrinization of certain parts of the nervous system has been
observed, both in rabbits and rats. This is inconstant in character and there
ie no evidence that the excessive porphyrin is formed in the nervous system,
Further studies of the liver catelase consistently shows a very great reduction
in activity, Studies are in progress to meke certain that this is dwe to an
actual reduction in the amount of catalase and not to inhibition alone, ACTH
therapy has failed to effect the deyelopment of the porphyria following sedormid
or to alter its course,

VI Porphobilinogen, It was reported (Hawkinson and Watson, Science, 115:
496, May 2, 1952) that porphobilinogen could be separated from an Ehrlich -
negative porphyrin precursor and that once separated the porphobilinogen could
not be converted to porphyrin, It has become evident that this is partly
incorrect., The conclusion depended on the observation that porphobilinogen
solutions could be prepared which on heating at pH 4 did not yield porphyrin,
but only porphobilin, Recently, however, Westall discovered a method of
crystallizing a porphobilinogen from buman porphyria urine and found this
compound can be partially converted to porphyrin., It has been possible to
confirm his method of isolation, It is true that porphyrin is readily obtained
from crystalline porphobilinogen under suitable conditions, 1t is now evident
that the conversion or nonconversion to porphyrin probably depends upon the
existence of the porphobilinogen in 2 forms, 8 and b. Certain conditions are
necessary for the conversion of a to b, before b can yield porphyrin on heating,
The possibility is not yet excluded however, that there is actually but 1 form
and that conversion depends upon the necessity of fulfilling certain finely
drawn conditions, in the solution, as suggested by Herbert (Nature, 1952) who
stated that increased Luffer cspacity and ionic strength depressed porphyrin
formation. While partly true, it is obviously not the explanation of the
behavior of porphobilinogen in those solutions which failed to yleld porphyrin
on heating., On the-basis of present data, it seems not unlikely that there are
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2 forms, as referred to, It is clear however, that the Fhrlich.negative form,

if it is indeed an entity, is quite different from the Ehrlich-negative pre~

cursor previously described, extractible by ethyl acetate and converted to

porphyrin by UV radiation., New methods of concentrating porphobilinogen are

being applied to a search for smeall amounts which would not be detected by '
the simple Fhrlich aldehyde test on the untreated urine,

VII Uroporphyrin., Much time has been devoted to the isolation and further
study of the uroporphyrins from cases of porphyria. Rimington in England stated
that the Waldenstrém porphyrin, reported previously from this laboratory to
consist mainly of uroporphyrin I with a small amount of a type III hepta carboxyl
porphyrin, consists rather of about 75% uroporphyrin III and 25% urcporphyrin I,
Benewed study still in progress here has only served to confirm the earlier
observations that the Waldenstrom porphyrin regularly yields a considerable
: majority of coproporphyrin I on decarboxylation, There was obtained uroporphyrin '
; III from Turacin ?ocOpper uroporphyrin of the wing feather of the turacus btird),
; In other species, however, the uroporphyrin in the feather is the type I isomer,
i In the erythropoietic or congenital photosensitive type of human porphyria
almost all of the porphyrin excreted is uroporphyrin I. Rimington has used )
this porphyrin and the uroporphyrin III from Turacin as his reference compounds
and will publish their characteristic differences, He claims that the Waldenstrom
porphyrin from acute porphyrie urine is mainly type III isomer, It is believed
that this conclusion is not warranted; r»-ray crystallographic studies are in
progress. Methods of isolation are being studjed to determine whether this is
a critical factor with respect to the isomer type which is isolated.

VIII An extensive study of liver and bone marrow porphyrin content in 31
cases of porphyria permits a clear insight into the pathogenesis of the different
forms, There are 2 main groups: 1) Porphyria erythropoietica, hitherto known !
as the congenital or photosensitive type, often characterized by hemolytic anemia
and splénomegaly in addition to photosensitivity., In this form it is now clear
that the porphyrin formetion takes place in the developing erythrocytes of the
bone merrow, 2) Forphyria hepatica, which has 3 subgroups, in all of which the
porphyrins or their precursors are formed in the liver: e~ intermittent acute
type in which the liver contains large amounts of porphotilinogen and other
porphyrin precursors, which are excreted mainly in the urine, b~ Cutanea tarda
type, characterized by late development of photosensitivity without other
symptoms, In this form the liver contains large amounts of preformea porphyrin
and relatively little precursor, Considerable fractions of the porphyrin,
especielly copro~ snd all of the proto-, are excreted in the feces., Forpho-
bilinogen is not demonstrable, c~ A mixed type, in which the patient has,
simil taneously or at different times, abdominal and nervous manifestations and .
photosensitivity, When the former are present, porphobtilinogen and precursors .
are usually found in the urine; when only photosensitivity is apparent, porpho-
bilinogen is lacking and the liver contains large amounts of preformed po
In several ceses of the mixed type at 1 time there was only photosensitivity
and at another only abdominal or nervous manifestations,
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IX Viscosimetric destermination of the plasma fibrinogen, Dr. William
Peterson, studying extensively the viscosity of serum and plasme, found that
the difference is directly related to the fitrinogen content. Thus a slmple
method is available for quantitating fibrinogen in the blood plasma, A very
good correlation was observed with the values obtained hy the conventional
metbod, which is mach more difficult and time-consuming, The only disadvantage
of the viscosimetric method has been the requirement of a minimum of 5 ecc, It
is believed that this can be obviated by the use of a microviscosimeter, It is
hoped that a study of fibrinogen can be made in hepatitis at different stages.
It has been well known and often observed in this clinic that in acute hepatitis
the erythrocyte sedimentation velocity is normal, This is most likely on the
basis of a reduction in fibrinogen. Since the globulin often rises rather
rapidly and has the opposite effect on sedimentation, a significant reduction
of fibrinogen might be masked by en elevated globulin, It would be worthwhile
to restudy the fibrinogen levels at various stages of hepatitis with this simple
mm

ental Studies of Nutritional liver In Dr, Hof r)

I Pathology of Dietary Hepatic Necrgsis in the Rat. The structural
alteration of the liver that resulte from recurrent episodes of dietary
necrosis was studied, Attempts were made to favor the development of an
experimental form of postnecrotic cirrhosis in such animals, Observations
to date indicate that dietary necrosis in the rat does not result in cirrhnsis,

Material was obtained from enimals maintained on a necrogenic yeast diet
which causes all of them to die of a massive hemorrhagic necrosis of the liver
4 to 10 weeks after they are placed on the diet, In 30% the lst.attack is
fatal (a mmseive necrosis). The remainder survive 1 or more attacks of a
submassive necrosis but eventually succamb to a later attack, The occurrence
of nonfatal attacks of necrosis can be detected on pathologic examination by
characteristic scarring of the liver, It is also possible to recognize by
bilirubinuria the occurrence of some attacks during life. Dally urine testing
for bilirubin permits detection of some attacks and alteration of the course
of the disturbance after an initial episode of necrosis. Known protective
substances (tocopherol, cystine, or antibiotics) can then be given. The pre-
cesses of healing that follow submassive liver necrosis of dietary origin have
been studied, Antiblotics, while they do not entirely prevemt further attacks

of necrosis, do permit longer survivel,

Dietary necrosies in the rat produces a postnecrotic scarring of the liver
that greatly distorts its gross configuration, The scarred areas are depressed
and consist of a condensation of the larger bile ducts, veins, and arteries
with their immediate supporting framework as a result of the complete dissppear-
ance of the parenchymal cells, Fibrosie in the scarred areas is minimsl,
Fodular regeneration in the form of concentric hyperplastic nodules is conspie-

uously absent,
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Two features, nodular regeneration and fibrosis, distinguish experimental
cirrhoels, They occur regularly in rats when prolonged fatty infiltration of
the liver is brought about by a choline-deficient diet. The regenerative
aspect that follows submassive liver necrosis consists of hyperplasia of the
remeining intact and unaffected areas of hepatic tissue, This appears to be
similar to the type of regenerative hyperplasia that occurs in the residual
lobes of the normal rat liver following partial hepatectomy. The stimalus
is a loss of functional hepatic tissue. It is a potent stimilus that occurs
whether the loss of tissue results from surgical ablation or from the resolu~
tion following extensive dietary necrosis. When such a stimilus affects areas
of residual liver tissue that are bounded by sites of scarring, the hyperplasia
that follows assumes the form of a "nodule®" in the sense that this projects
from the surface of the liver as a rounded eminence. Such areas maintain
normal hepatic architecture and normal spatial arrangements of central vein
and portal triads, This is very different from the concentric hyperplastic
or adenomatous nodule seen in true cirrhosis,

For a sumary of these data see the 3rd reference.

I1I Porphyrin Metabolism in Experimental Iiver Injury. A series of investi-
gations have been completed end 3 manmuscripts submitted for publication.

FUIURE, Work will be contimued as indicated.

REFERENCES, Watson, C, J., "The direct preparation of crystalline urobilin
from bilirubin," J, Biol. Chem. 200:2 (Feb) 1953,

Watson, C. J. et al., "A simple method of isolation of crystalline sterco-
bilin or urobilin from feces," J. Biol. Chem, 200:2 (Feb) 1953.

Hoffbauwer, F. W., and Wittenburg, B., "Dietary hepatic necrosis: absence
of cirrhosis following recurrent episodes," Fed. Proc. 12:392 (March) 1953.
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Hemorrhagic fever as a disease entity became a problem of considerable
military importance when our troops entered the area of endemicity around
the 38th parallel of Korea. Moreover, since it bas a comparatively high
mortality rate, there is considerable urgency to study this disease,

. RRIEF OP PROJBCT AND OBJRCTIVE

a. Brief. The objJective is to conduct field, laboratory, and clinical
studies of hemorrhagic fever, to elucidate its epldemiology, ldentify the
etiologic agent, establish 1ts mode of transmission, and thereby provide
rational approaches to 1ts prevention and treatment.

This disease entity was unfamiliar to Western medicine until the
present Korean conflict. Its existence and its potential military importance
wvere known to the Army Medical Service. Heretofore studies of 1t were not
possible because the areas in which the disease was and is endemic were not
acceasible to Western mediclne. Literature regarding studies of this disease
vas confined to the Russian and Japanese Journals, but early attempts to dupli-
¢ate the results of both the Russian and Japanese have been uniformly unsuc-
cessful., Since, in the experience of the Russian and Japanese phyesicians,
the case fatality rate was reported as from 20-25%, 1t became imperative that
studies of this disease be undertaken promptly and that all available modern
techniques be utilized and, if necessary, new techniques be evolved.

b. Approach.

(1) To study localized outbreaks in order to elucidate the epldemi-
ology.

(2) To search for susceptible laboratory host(s) in order to isolate
and characterize the etiologlic agent.

(3) To conduct entomologic studies both in the field and laboratory

to identify the insect vector or vectors, if any, and to discover the interme-
dlate host or hosts, 1f any, which may be the reservolr of its endemicity.
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(4) To develop specific diagnostic criteria, including serologic
techniques, by which infection can be demonstrated.

(5) To clarify the pathology of the disease so that rational ap-
proaches to its treatment can be made available.

(6) To develop methods for preventing infection or, if these are
impractical, to find a method for immunizing those who may be exposed to the
disease.

¢c. Subtasks.

(1) Army Medical Service Graduate School

To conduct studies on the etiologic agent of hemorrbagic fever.,

. (2) Harvard University - Drs. J. C. Snyder and H. S. Fuller (was
6-61-09-22)

To study infected arthropods as experimental animals, in an
attempt to grow the etlologic agent of hemorrhagic fever.

(3) Research Foundation of State U, of New York - Dr. Jean R. Oliver

To investigate the renal lesions of hemorrhagic fever and related
conditions.

(4) Newv York Univeraity-Bellevue Medical Center - Dr. David P. Earle

To study and evaluate certain physlologic and biochemical phenomena
that occur in hemorrhagic fever.

(5) Johns Hopkins University - Dr. George O. Gey

To conduct studies aimed at isolating and producing mmltiplication
of the etiologic agent of hemorrhagic fever in standard human tissue culture and
in newly isolated straing of pure human tigsue culture.

d. Qther Information. See ‘report on hemorrhagic fever under 6-61-01-05, FEMHU.

e, Background and.[or Progress, Although the Commlssion on Hemorrhagic
FPever was formally activated in October 1952, it stemmed directly from the Field
Unit of the Armed Forces Epidemiological 3oard which had been organized in April
1952 to investigate the disease in Korea,

Since April 1952 the Field Unit has been continuously active in the Far
East, its composition changing from time to time, The msjority of the persomnnel
have been stationed at the Hemorrhagic Fever Center in Korea but some have served
at the 406th Medical General leboratory in Tokyo, which has been the base of
operations. The facilities available have been superb in comparison with those
usually available for field work,

ka9




The work of the Field Unit in the spring and sumer of 1952 concerned
primerily studies on various aspects of the epidemiology of the disease anmd
ettempte to establish the sgent in a susceptible laboratory host. They mey be
sumarized briefly as follows, Investigation of small outbreaks of hemorrhagic
fever provided information which was compatible with the hypothesis that practi-
cally all the affected members of a given unit were infected almost similtaneously
by meens of an arthropod vector distribtuted in small foci scattered throughout
the endemic area, Fntomologic surveys of s number of the locations where troops
had been infected revealed findings which, in the light of the other epidemiologic
observations, could best be interpreted Ly essuming thet a chigger was the most
likely vector of the disease, These ideas and hypotheses began to jell early in
June and the aveilable evidence seemed sufficient to warrant intensification of
the insect control progrem of the 8th Army, with particular emphasis on measures
which would be most effective against the terrestrial arthropods., Such a2 program,
instituted on an sppreciable scale in mid-June, hes been meintained since, Within
some weeks after the beginning of the progrem the spring-summer outbreak stopped,
but previous experience of Japenese and Russian groups in the Amur valley area
had shown that the disease, which we call hemorrhagic fever, usually stopped about
this time, The expected fall outbreak would give the lst indication of the possible
value of the control measures, The number of cases of hemorrhagic fever oc
during the fall of 1952 was appreciably less than during the fall of 1951, At
thic stage it is obvious that no criticel evaluation of the control program is
possible. The program is being corntinued, end further efforts are being made to
evaluate its efficecy., Furthermore, etudies on the ecology of the disease are
being continued, with particular emphasis on emall rodents and their arthropods.

All attempts to find a suitable laboratory host for the agent of hemox-
rhegic fever have been unsuccessful, It is worth recalling that btoth the Russians
and the Jspanese have successfully transmitted the agent in series from men to men,
reproducing the typical clinical findings with materiels which in some instances
were passed through the ordinary filters employed in virology. A finding of the
Field Unit of considereble interest was the occurrence of small structures, which
bear some resemblance to the rickettsia-elementary body group of microbial agents,
in the cytoplasm of cells of certain of the patients who die from hemorrhsgic
fever, Studies on these intriguing structures are being continued, but no definite
statement regarding their nature is warranted at this time, Current and projected
studies on the etiologic agent concern attempts to find a suitable host among the
small mammels and among the arthropods, as well as sttempts to grow the agent in
tissue cultures containing human cells,

By the fell of 1952 it was evident, as a result of the clinical investi-
gations by medical personnel of the Far East, that neither the chemotherspeutic
agents active against the bacterial and rickettsial organisms nor human con-
valescent sera were of appreciable value in the treatment of hemorrhagic fever.
Nevertheless, the intelligent aspplication of empiric methods had resulted in the
development of a regimen for the handling and care of patiemts vhich was associated
with a reduction in mortality to about 4~5%. Practically all of the deaths occur-
red in patients with severe protracted hypotension and shock, The need for better
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understanding of the physiologic abnormalities in this disease was obvious, 4An
appreciable amount of information from the studies undertaken is being analyzed,

Two concepts regarding the atmormal physiology of hemorrhagic fever
vhich were developed during the fall are of particular interest. Dr, Barry Wood
suggested that the loss of arteriolar tone is the fundamental defect in hemorrhagic
fever and that the increased capillary permeability and the congestion of small
vessels might be secondary to the arteriolar dysfunction, He postulated that
such dysfunction might be alleviated by the use of noradrenalin, The experience
of the staff of the Hemorrhagic Fever Center during the fall appeared to show
that noradrenalin was a valuable drug in menaging the shock emcountered in patients
having hemorrhegic fever, Further eveluation of this adjunctive treatment of
hemorrhagic fever will undoubtedly be obtained, Dr. David Barle and others at
the Center pointed out that reduced -blood flow, bypotension, pooling of blood in
dilated capillaries, and increasing tissue edema all contribute to the profound
dysfunction of selected organs such as the kidney, Dr, Earle also explained
certain of the findings during the late oliguric and early diuretic phases of
the disease (when recovery is just beginning) on the basis of a syndrome of rela-
tive hypervolemia, At this time when arteriolar function is beginning to recover,
with a resultant increase in blood pressure and begimning return of fluid from
the tissues to the circulation, there may occur an increase in circulating blood
volume, with some hypertension and increased rate of blood flow in certain anatomic
areas, Theoretically, aggravation of illness et this point might be alleviated by
phlebotonmy, and in some instences this procedure seemed beneficlal in relieving
the episode. Further study of the concept of relative hypervolemia in hemorrhagic
fever is indicated, as 1s a clinical evaluation of phlebotomy at this particular
point in the disease,

. A Department of the Army Technicel Balletin on epidemic hemorrhagic
fever was prepared by members of the Commission and medicel officers of the
mlitery services,

Personnel of the Army Medical Service Graduate School have studied

various aspects of hemorrhagic fever, in the leboratory and in the field in
the Far East. The results of most of the completed work are summarized above.
Fleld investigations on the spring-summer outbreak of 1953 are still in pro-
gress, but a few points are worthy of mention: the number of cases has been
relatively esmall, only some 60-0dd being diagnosed by mid-June; no startling
information has yet been forthcoming regarding recognizable evidence of propa-~
gation of the agent of hemorrhagic fever in the laboratory; and the body of
evidence still remains compatible with the hypothesis that chiggers may serve
as vectors of the disease and that appropriate control measures may contribute
to a reduced incidence of disease.

During the past quarter, cultivation of the agent of hemorrhagic
fever in embryonated eggs gave negative results; convslescent sera from
patientgs having the disease contained no antibodies against dengue viruses;
and a rickettsia of the spotted-fever group was recovered from a Korean Microtus.

So fer, Geimap's (MD-113) work on the hypothesis that epidemic
hemorrhagic fever resembles heartwater fever of cattle has produced no gross
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lesions resembling either disease and no organisms resembling the rickettsia~

like bodies of patients having hemorrhagic fever. The experience of Dr.
D. A, Haig of South Africe with heartwater fever in a variety of animals
(eee Geiman's detailed report) shows that at least 5 sheep and 5 goats
should be inoculated to determine the susceptibility of these animals to a
possible agent in hemorrhagic-fever blood and tissues. Experimentation on
relapsing fever is continuing because its symptoms sre similar to those of
hemorrhagic fever. :

Snyder and Fuller (MD-398) report that once when the specimen
Oberson H563 - 2 July 1952 was used, intracellular scrub-typhus-like
organisms were seen in "infected" x-rsyed cotton-rat liver and spleen. It
has been impossible to repest or to demonstrate this finding in subsequent
passage materials.

With McCoy autopey material these investigators have noted quite
regularly, on passage of "infected”" materials, a fairly extensive mono-
nuclear peritoneal exudate in suckling cotton rats; this type of exudate
did not appear when tissues of normal suckling cotton rats were inoculated
instead of the "infected" tissues.

£. Future Plans. Studies will be continued as indicated.

€. References. Progress reports of investigators.
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Project No. 6-61-03-33 NOT FOR PUBLICATION
Report Date 30 June 1953

Etiologic Agent of Hemorrhagic Fever

Army Med Sv Grad School
Walter Reed Army Medical Center
Washington, D. C.

BRIEF. The purpose of this work is to conduct studies on the etiologic
agent of hemorrhagic fever.

Field Studies. Two members of the Department of Virus and Rickettsial
Diseases and 1 of the Department of Entomology served with the Field Unit of
the Commission on Hemorrhagic Fever in the Far East. Together with repre-
sentatives from Yale and Johns Hopkins, who also joined the Unit in April,
and with personnel of the Field Unit and the 406th Medical General Leboratory,
they have continued studies designed to establish the agent of hemorrhagic
fever in & laboratory host.

Attempted Cultivation of Agent of Hemorrhagic Fever in Embryonated Eggs.
There has been no consistent evidence that a transmissible agent has been
maintained in any instance; efforts allocated to this phase of the work will
be diverted to other studies on the agent of hemorrhagic fever.

Search for Dengue Group Antibodies in Serum from Patients with Hemorrhagic
Fever. Although the agent of hemorrhagic fever continues to elude establish-
ment in lsboratory hosts, some idesa regarding its nature might be obtained if
it could be found to have an antigenic relation to known microbisl agents.

One approach to this problem is to employ sera from patients recovered from
hemorrhagic fever in tests with viral and rickettsial materials in the hope

of demonstrating the presence of a crosgs-reactive antibody. Negative results
were obtained earlier in such tests with a number of rickettgial antigens here.
Additional studies along this line were undertaken by Dr. Albert Sabin, using
the hemsgglutination-inhibition test with dengue antigens and hemorrhagic
fever sera sent from this School. The results of his tests were entirely
negative.

Rickettsize of Spotted Fever Group from Korean Microtus. A rickettsial
agent which is a member of the Rocky Mountain spotted fever group of organisme
has been recovered from tissues of a Microtus trapped in the Chipori study
area in mid-October 1952. The animal, designated No. 1B and presumably
Microtus fortis pelliceus, showed no gross pathologic chenges when it was
sacrificed shortly after capture. Its tissues were removed aseptically and
frozen at -70° C. until thawed at this School on 1 April 1953 for isolation
studies. This animal, along with other Korean rodents, was included in tests
designed to isolate R. tsutsugamushi since this agent has been encountered
previously in rodents from the areas under ecologic study by the Field Unit.
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(Incidentally, Microtus 1A taken at the same time from the same location
did yield R. tsutsugamushi.)

A suspension of liver, spleen, and kidney of Microtus 1B was inoculated
intraperitoneally into 8 adult white mice. Two animals killed on the 17th
day showed no abnormalities, but & suspension of their tissues was passed to
normal mice. One of the remaining mice was found decomposed on the 32nd day;
the other 5 continued in good health but subsequently died when challenged
with lethal amounts of R. tsutsugamushi. Second-passege mice showed some
peritoneal exudate which contained a few intracellular rickettsia-like bodies.
Mice in the following passages sickened toward the end of the 2nd week, and in
later passages deaths occurred with considerable regularity. Definite ricket-
teial structures were recognized in smears of infected mouse tissue, and
suspensions of such material (4th mouse passage) were inoculated into the yolk
sacs of embryonated eggs and into guinea pigs.

In the 1lst passage of the Microtus agent in eggs, numerous rickettsiae
were visible in stained smears of yolk-sac tissue. A complement-fixing antigen
of the soluble type was prepered from 2nd yolk-sac passage tissue. This re-
acted with antisera against Rocky Mountain spotted fever (RMSF) and other
members of the spotted-fever group but not with antisera against the typhus
fevers, Q fever, or the psittacosis-lymphogranuloma group of viruses. The
results of these complement-fixation tests clearly indicate that the Microtus
rickettsia contains the group antigen of the spotted-fever family of agents.

Guinea pigs injected with Microtus agent developed fever and scrotal
swelling within a few days, and these continued for some days. Guinea pigs of
the 1lst few passages all survived, however, and none displayed the scrotal
necrosis encountered with highly virulent strains of RMSF. Autopsy findings
of significance included inflammatory reaction of tunica and testis with some
exudate, and slight enlargement of the spleen. Stained smears of tunic exudate
showed rickettsiee.

Since the Microtus agent poesessed properties of the spotted-fever group
of rickettsiae, guinea pigs known to be immune to RMSF were challenged with
the new agent. Gujinea pigs immune to the RMSF agent appear to have some
slight resistance to the Microtus rickettsiae, but by this method of testing
the 2 sgents do not appear to be identical.

Further work is in progress to attempt to classify the Microtus rickettsiae
within the spotted-fever group of organisms.

Specimens of sera from patients with hemorrhagic fever were tested with
2-4 units of Microtus complement-fixing antigen of the soluble type. Since
the results were entirely negative, the Microtus rickettsiae do not appear to be
concerned with the etiology of hemorrhagic fever.

The observations reported above present the lst evidence that a rickettsial
agent of the spotted fever group occurs in Korea.

FUTURE. These studies will be continued.

(BF" See 6-61-03-32 Virus & Riszkettsial Diseases, for Review of Soviet
Hemorthazic Fevers.

504




Project No. 6~-61-03-33 NOT FOR PURLICATION
Contract No. MD-113 Report Date 30 Jume 1953

Studies .on Epidemic Hemorrhagic Fever and Related Diseases

Dr. Quentin M. Geiman
Harvard University

Cambridge, Mass.

BRIEF. Dr. Geiman submitted this report in addition to that on Endemoeba
histolytica (€-61-05-11). -

PROGRESS. In October 1952 a report of field and lsboratory studies on
epidemic hemorrhagic fever (EHF) described rickettsia-like bodies (RLB) found
in endothellal cells in stained films from 3 of 10 autopsies. Test was
undertaken of the hypotheses that (1) EHF resembles heartwater fever (HWF)
of cattle; (2) EHF 1s the result of a focus of infection by visible parasites
in the vascular bed, hematopoletic orgens, and, possibly, endocrine glards
of the host; and (33 EHF results from the spread by the blood of highly toxic
metabolic products of the parasites, leading to serious damage of the blood
vessels snd the resultant vascular phenomena characteristic of the disease.
It was decided to test the 1st hypothesis by inoculating acute blood end
ground autopsy tissues from EHF Into sheep and goats; and to section and
stain EHF autopsy tissues to allow a search for RLB and to elaborate the
histopathology of the disease. The 3rd hypothesis cannot be tested until a
suitable experimental host is found.

Two male and 2 female full-bred Merino sheep were obtained; on 4 November
the latter were inoculated with 4 cc. and 5 cc., respectively, from ground
tissues of patient McCoy. These sheep had been followed for 2 weeks pre-
viously to be sure that they were without apparent disease. For at least a
month after Inoculation, temperatures and blood specimens revealed no illness.
Between 4 and 15 December, however, 1 of the sheep refused to eat, and it
diedl5 December. Autopsy showed that the animal had been pregnant and had
died of pneumonia. No gross lesions resembling EHF or HWF could be found,
and no organisms resembling the RLB from EHF patients were seen in stained
films made from the large vessels. The sections have not been cut and
studied. No passage of the organs was made because there were no lesions
resembling EHF and because it was desired to inoculate the remaining 2
animals with additional, more recent EHF material. Thus, the 2 males are
available for additional experimental inoculation.

Two adult male goats, which became available on 2 December, were
followed by temperatures and blood specimens and considered free of other
infections. One animal was inoculated 13 January with blood from patient
Torres, H-612; the other animal will be inoculated with suspensions of
ground lung from petient Cho, H-644.




Relatively large amounts of material were used to inoculate these
animals because Dr. D. A. Haig of South Africa, who has had considerable
experience with HWF in a variety of animals, stated that only about 50%
of the animels contracted this disease when less than 10 cc. of infected
blood was inoculated. After such an inoculation the majority of the sheep
came down about the 9th day, with temperatures reaching 106° to 107° F.  In
his experience blood taken about the 13th or lhth day contains the highest
titer of virus. If enimals die of the infection, death ususlly occurs about
the 1lLth day; but if they survive, recovery begins at 17 to 20 days. All
inoculations for passage were done intravenously because other routes would
give only about 10% infection. Diagnosis of the disease was made from
scrapings of the jugular vein for suitable staining with Giemsa in an effort
to show rickettsiae in the endothelisl lining cells. In Dr. Haig's experience
goats were less satisfactory, being less susceptible to the infection; but of
interest is his statement that Swiss’'albino mice inoculated intraperitoneally
with 0.5 to 1.0 cc. of a 10% suspension of sheep brain and spleen will
develop an unapparent infection without illness. Material from mice killed
at 6 days will produce no infection in sheep; but at 15 to 90 days a pool of
a.suspension from infected mice will produce such infection. Furthermore,
rickettsiae have been obtained after passage from mouse to mouse. This
passage of an unapparent infection does not attenuste the virulence of the
rickettsiae for Merino sheep (this infection was passed through 60 genera-
tions in ferrets, with no change).

In view of Dr. Haig's information, at least 5 sheep and 5 goats will be
inoculated to determine the susceptibility of these animals to a possible
sgent in EHF blood and tissues.

Studies on Histopathology. Sections taken at autopsy from EHF patients
in Korea are stained with Gilemsa, but they have not been studied thoroughly.
A search of these sections for the RLB will be time-consuming, but it is felt
that additional tissues should be obtained at autopsy so that different fix-
ing and staining techniques may be used to detect RLB in sectionms.

Preliminary arrangements have been made to obtain control autopsy
material from individuals dying from febrile and organic diseases. These
controls are essential in determining that the RLB are. found only in autopsy
material from EHF patients.

Relapsing Fever. Experimentation on relepsing fever continues because of
the similarity of EHF symptoms to those of relapsing fever.

In Kores, 2 patients with relapsing fever showed physical signs and
symptoms similar to those of EHF, except that splenomegaly is present in
relapsing fever. Efforts to isolate the spirochetes from these patients were
unsuccessful, and it was not possible recently to find spirochetes in animals
which had been inoculated from a patient with an unknown febrile illness. It
18 desired to compare 1 or 2 strains of relapsing-fever spirochetes from
Korea with strains from other parts of the world. Experiments to study the
fundamentals of the crisis phenomena in experimental relapsing fever, and to

506




test 2 new antibiotics and a chemical compound on the infection, will
begin soon.

Chemotherapeutic Studies. If EHF occurs as it did in the outbresk of
1952, several new compounds (Daraprim, Ilotycin, Win 5063-2, ete.) should
be given vreliminary trials.

507




e s

w]

Prpject Noe D=60«01=0L NOT FCR PUBLICATION
Report Date 30 June 1953

Physiologic & Biochemical Changes in Stress and Fatigue

Army Med Sv Grad School .
Walter Reed Army Medical Center
Washington, D. C.

BRIEF. The purpose of this work is to study the physiologic, psycho-
logic, and biochemical changes occurring during tatigue and stress and their
relationship to psychoneurosis, anxiety states, and stress reactions en-
countered by troops in combat or preparation therefor.

Basic Neurophysiologic and Biochemical Studies of Stress and Escape

I. Influence of Genetic Factors on Modification of Social Behavior in-
duced by Tesions of the Brain. PROCRESS. This Study 1S comblete except for
the preparation of the Tinal manuscript. Emotional reactivity in terms of
fear and agpressive responses toward the investigator were significantly
preater in Race X than in Race III of the 2 races of raebbits studied. This
emotional reactivity was not altered by lesions in the anterior cingulate.

The test of social interaction used was sexual aggression between males, which
took the form of mounting another maie or chasing it in en attempt to mount.
Between members of the same race, the operated animals exhibited a preater
amount of sexual aggression. Between members of different races, rabbits of
Race III were the more aggressive sexualiy. In fact, there was a graduval
decrease in the sexual aggression of Race X to the point where they no longer
exhibited any sexual aggression even with another individual of their own
race. The general conclusion is that, whereas lesions of the anterior cingu-
late may slightly increase sexusal agpgression, chronic stress upon those
individuals which have a marked hereditary tendency toward heighuened reactivity
in the presence of mild noxious stimuli have their plysiology and behavior so
altered that they no longer exhibit sexual aggression even with a lesion in
the anterior cingulate.

FUTURE. The manuscript will be completed. No further experimental work
on this topic is planned for the near future.

II. Comperative Study of IMass Reactions in Groups with Porticular Relcrence
to Panice (Actual research is done by Dr. Webb, 0-00~10-1%. Collaboration is
maintained with him to plan research in crder to rcalize the objcctives of the
project.)

FUTURE. The findings of the lst year make it necessary to assess the role
of the growth of populations of small memmels as they affect the interpretation
of experimentally induced mass movements. One of the basic phases of the
program for the summer of 1953, therefore, is to make extensive samplings of
the population through the breeding season to determine reproductive rates and
chenges in density. The 2nd phase is to develop a more effective technique for
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inducing a mass panic reaction. The original hypothesis that a single line
of closely spaced traps would be adequate to remove all individuals

inveding a central depleted area proved to be ineffective, since about 50%

of the enimals which contacted this barrier filtered through it. On the basis
of this finding, a new procedure will be tesved; it consists of a series of
concentric circles of traps which shouwld maintain s constant removal of all
animals invading the central area, and thus maintain the directicnal mess
movement until a state of panic is produced. If this procedure proves ef=
fective, it is planned to initiate during the summer of 1954 a large=scale mass
movement which may terminate in a panic state. By the sumer of 1954 the
population density should have recovered sufficiently from the low of 1952 to
make such a study feasible.

REFEREHCE. Colhoun and Webb, "Induced Emigrations emong Swall Mammels,"
Science. LL7:353-350, 1952,

Utilization of SEace over Time. III. Mathematic Formulations of the

Utilization ol Space by Free R%gmg Animals. OGRESS« Few adequate sets of
empiric ata eXist regarding the distribution of organisms through space,

and even fewer attempis to construct mathematic formulations of the principles
governing such distribution. The lst problem posed for investigation was the
nature of the movement of members of a population with recference to randomly
placed objects of which the individuals ere unaware, and which require close
approach before detection. The data utilized for these investigations were
those aveileble from the Horth American Census of Small lMemuals, containing
extensive data on the catches per trapping station for a series ot consecutive
days. The general conclusions are that small mammals are randomly distributed
through space; they meke random movements in both space and time with respect
to the trap; they do not move independently but in groups of 1, 2, 3, and so
on; and the probobility that an animel will contact an object which it can
detect at only a short distance and of vhich it is previously unawvare is
modified by the distance of its cenver of orientation from the object. This
latter problem of the movement of an animal about a center of orientation was
the 2nd posed. Available for this snalysis were extensive data on the posi=-
tions of capture of the mouse, Reithrodontomys, within its home range (br.
Daniel Brant, University of California). From these data has been developed a
general mathematic formulation of the probability that an animal will occur
about a single center of orientation. It is believed that this formulation is
adequate to characterize the movement of most aninals which move about a
single major center of oriencation and through an otherwise relatively uniform
enviromeent. This formulation of the density function of the organism is:
=(x%y7) dardy

—he 2
f(xlj) d.rd;{ = P(—Tr‘ e D

where p is a measure of distance and x and y are coordinate positlons where

the animal is found. Furihermore, the indications are that this formulation

of “he utilizction of space is sufficieatly general that it must be taken into
consideration in all cases where the enviromment is not uniform, and where

the individuel responds to several discretely located goals or centers of orien=

vatione.
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FUTURE. Manuscripts on the work described above will be campleted.

Newrophysiology and Biochemistry of Stress

Reciprocal Relationships of Central Nervous System and Adrenal. PROGRESS.
Studies on rats and the analysis of dasta are complele. A report, TEffect of
dypothalamic Lesions on the Adrenal Cortical Response to Stress in, the Rat,"
wes prepared. .

FUTURE. VWork is complete.

Reciprocal Relationships of Central Nervous System and Adrenal. Ettects
of Lesions of the Central Mervous System on Carbohydrate and HNitrogen Meta=
bolism. PROGRESS. The effects of transection of the midbrain on carbohydrate
end nitrogen metabolism have been studied in experimental animnls (dogs).

An unexplained high mortality rate has delayed the work to some extent.

During this period the principal investigator was in Koree on another
project.

FUTURE. Vork on this project will be resumed about 20 July, when the
principal investipgsetor returns.

Neurophysiology of Emotional Behavior and Sleep. Study of Behavioral ¢
Chanres Following Localized Ablations == The Dorsal Tesmental [fuclel of the

liesencephalon. PROGRESS. This project has been discontinued because the
principal investifator left military service in February, and it has not been
possible to replace him.

Pswchologric Chanpes occwrring during Stress

Emotional Factors in Essential Hymertension. PROGRESS. Data have been
coilected on the following 3 groups of patients: unselected, consecutively
adnitted patients with essentiel Iypertension; natients in the same age pgroup
on the same ward with orpanic heart disease hut no hypertension; and selected
hymertensives relerred to psychiatry from the cardiovascular clinic because of
cross emotional disturbences. Cormarstive analysis of the data is under way,
in an effort to throw some light on the following questions: Are there
certain msrchodymanmic processes wnich characterize hypertensive patients? If
so, do these processes contribute to the pathosenesis of the disease, or are
they recctions to it? 7o vhel extent have unrecognized sarmpling errors dis-
torted previous psychiatric studies of hypertensive patients?

PUTURE. Date will be analyzed and a report prepared.

Studies of Behavioral and Comrmnication Changes induced by Cortical Ste~
roids in Symptom-Free, Non-Psychiatric Patients. "FINAT, REPORT. ‘The psycho-
logic effects of ACTH were studied in 2 proups of hospitalized soldiers having
mild hepatitis: those receivins intravenous ACTH, and those receiving in-
travenous nplacebo under otherwise identvical conditions. lieither the patients,
vhe »nsehictric investipators, nor the medical observers knew vhether any
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given patient received ACTH or placebo. The potients were studied with
repeated psychiatric interviews from the beginning to the end of hospitali-
zation. In aeddition, psychologic tests involving both intellectual functions
and interpersenal processes were administered to each patient before he started
medication and again at a period of probable peak dosage. The treated and con-
trol group did not differ in any major aspect of thought, Teeling, or behavior.
The evidence of this study, viewed in light of other work on this subject,
suggests that the administration of ACTH in moderate clinical dosage does not
usuelly lead to gross behavioral changes, and that shen such changes do occur,
important verisbles in addition to the drug itself must be considered.

tress, . thelr Re ons. ’sychoneurosis, Anxiety
States y and guress Reactions
St of Psychiatric Breakdowns occurrin J'Jmnediatgi_li after Induction.
PR . atisvic yels © e a, wnich ls camplete, shows a

Bharp differentiation between the immedinte~post-induction-brealtown group

and the late~breakldown group. The best differentiating items have been an~
alyzed in detail for predictive value in screening procedures. A paper report-~
ing these findings, including tabular summaries of the data,. has been pre-
pared.

FUTURE. Tbe manuscript will be given a final checking and submitted for
publication.

Ballistocardiographic Studies in Subjects under Stresse. PROGRESS. Psych-
B T DT (T T L e Tt e i O
arterial blood pressure) responses to the stress associated with experimenta=
tion itself were studied in healthy young soldiers. Two variables (un~
certainty as to the exact nature of the procedure; end militery rank, profes-
sional status, and experience of the experimenter) were separately and ine
dependently manipulated. Two identical experiments on matched groups were
carried out separately by a psychiatrist (Captain, MC) and A trained technician
(Private, E2). In each experiment half the subjects ttomtrol group) were
reassured as to the benign nature of the procedure immediately upon entry to
the labaratory, and half (experimental group) were reassured in the course of a
10-minute interview following & 20-minute rest period. The subjects reassured
at the beginning were also interviewed for a coarresponding lO~minute period.
All interviews were recorded and later independently rated by 3 psychiatrists
who did not know the physiologic results at the time. For each subject 3
consecutive sets of physiologic measurements were obtained: immediately
upon eantry to the laboratary; after a 20-minute rest on the ballistocardiogram
table; and following the 1O-minute interview. Each set of measurements con-
sisted of simultaneous recordings of the ballistocardiogram and electrocardio~
gram (lead 2) immediately preceding and following 5 determinations of the
blood pressure at l~minute intervals. In each experiment the effects of re-
assurance during interview upon the physiologic status of the subjects wes
reflected in highly significant differences between experimentel and control
groups. However, in each experiment the discrimination was related to only
1 function, which differed with the experimenter--"maximm cardiac force" in
the experiment carried out by the medicel officer;.arterial blood pressure
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.~ psychologic and physiologic mechanisms of response to the stress situation.

7

(ng.a.n, and pulse pressures) in that carried out by the enlisted technician.
This suggests that status differences in the relationship may evoke different

Independent ratings of reassurance fram the recordings in the lst experiment
(medical officer) predict quite accurately for the experimental group. Ine
dependent rating of the interviews in the 2nd experiment is in progress. The
final sets of physiologic measurements in all subjects have been analyzed
statistically to give standard values for these functions under caonditions of
*rest” in this laboratory.

FUTURE. It is planned to: complete the analysis of the experiments just
finished; initiate further studies of the same nature in order to assay the
effects of other variables, such as the sex of subject in relation to the
experimenter, the timing of reassurance, and the effects of more severe degrees
of stress; institute intemsive long-term studies of individual patlents with
clinical anxiety states; and continue the development of instruments now in ————
prog.’ess.

Studies of Behavioral and Commmication Changes induced Isonicotinic
Acid azide 1n Various Clinica.. Ps atric Disorders. o e
collection o a was ered considera ecause iewer pa:EIen’Es were

allocated for research purposes.

FUTURE. New patients will be added to the series in an attempt to obtain
a group Ege enough to be statistically significant.

Unconscious Attitudes affecting Commmication between Individuals and
Gr . . e cansultants recaor interviews, ch were trans-
cr%& and transferred to permanent discs either in toto or as sumaries.
Weekly conferences have focused upon specific phenamena of commumication oc-
curring in the transcribed and recorded data and have developed a systematic
method of studying 1 aspect of interpersonal communication. Another consul=-
tant was added to the group to correlete the date and assist in the develop-
ment of methodology. The patients involved in the study have demonstrated
their ability to move in analytic treatment and to provide pertinent material.

FUTURE. Woark will continue. When sufficient data have been obtained the
group will investigate the implications of such data in reference to known
hypotheses+of commnication and to the search for new hypotheses.

Rest and Relief fram Stress and Their Relationship to Psychoneurosis and
mmy Slates . mﬁ' of 'Le'aﬁersﬂg and Moralie
Social Factors which a Role In Relief or in Increase of Stresse %
REPCRT. Approximately 1o mi %erviews were held with 8 ofPicers of the Orthopedic

Sectioa during this period. The interviews were conducted to explore the types
of interpersonal relations between men in rifle coampanies and between officers
and men in these campanies which reduce or increase psychologic stress and
neuropsychiatric difficulties, including casualtiese Particular reference was
made to qualitative and quantitative differences in stress upon leaders at
battalion level and sbove and leaders at company level and below. The data
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obtained indicate not only the existence of these differences in stress but
suggest qualitative and quentitative differences in response to such stress,
indicating that certain personality structures are inclined to function mare
effectively at 1 level than at another. The data obtained in these interviews
were onalyzed further for selective areas of information which can be incor-
porated into forced-choice questionnaires pertaining to the relationship of
interpersonal perception to effectiveness of the combat unit and leader. An

informal cnalysis of the data is being studied as o guide to future projects
of this type.

Effectiveness of Organization and Communication in Group Problem-Solving.
PROGRESS. AS part ol The general program or sﬁming The ei}gects of group

siructure on social behavior and the factors affecting the development of group

structure, an experiment on group problem~solving was begun. Groups of 4 indivi-
duals are given the task of finding a common nunber among themselves under
conditions of restricted communication; i.e., the men can write messages to

each other only at specified intervals. Effective solution requires the ef-
ficient pooling and distribution of information. Current experimental work
concerns primarily the establishment of empirical norms for time of solution

and degree of organization achieved by different groups. Thirieen pilot

groups and 8 experimental groups heve been run to date.

TUTURE . After the norms mentioned gbove have been compiled, experimentally
controiled varisbles will be introduced. Of primary interest is the determina~
tion of the group's reaction to 1 member who does not follow the plans lmid
down by the groupe. The recalcitrant member will be Introduced by planting the
enlisted technician in the group and having him write specific types of dis~
ruptive messages., The effects of different kinds of tasks, different kinds of
communication networks, and other kinds of stress on group functioning will
also be investigated.

Mathematical Models ~ Group Interaction. FROGRESS. Rational mathematical
models designed by mathemsticlans and economists such as Savage, Bush, Marschak,
etc., were examined. These models generally have the defect that they are
based on a theory of how rational humans should act to achieve optimal results,
and are not concerned with actual behavior. Shimbel and Rapaport have worked
out mathematical models which describe the communication of information within
small and large social groups. These models parallel closely the social situa= '
tions which will be described on this project. A model describing the effect i
of a group on an individual's judgments was devised by the investigators, and
it is currently being tested on data gathered by them. :

FUTURE. If arrangements can be made for Shimbel and Rapaport to work with
the investlipgators, specific mathematical models will be worked out in collabora~ ,
tion with them for applicatlion to the experimental data being gathered. |

Effect of Group Structure on Group Decision. PROGRESS. As part of the
feneral progranm of StUlying the elfects of group structure on social behavior,
an experiment on group decision was initiated. Groups of individuals are
asked to reach consensus on how many dots they see on a card in front of them
vhen this number is too large to count. The menbers of each group can com=
municate only by writiten messages, and the channels of commmication are
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restricted in certain specified ways. The effects of L4 different patterns of
camnication, the effects of the ambiguity of the stimulys material, and the
effects of group-size on the process of reaching consensus are being investi~
gated. The hypothesis will then be tested that group members who are more
centrally located are more influential in swaying other members than peri-
Pherally located ones. The mechanisms by which the group reaches consensus,
and the factors affecting these, will be explored. Eight experimental groups
have been run.

FUTURE. The general problem of how groups reach consensus on matters of
fact and matters of opinion will be studied further by varying the task, the
composition of the group, and the structure of the group.

Cammmmication between Visiting Relatives and Hospital Personnel on the
Neuwropsychiatric Service. FIN Te 1s project 1s camplete.
relatives w oS y toward the Army hospital, Bl became co-operative as
a result of brief psychotherapeutic interviews in which they recognized hos-
tility toward the patient. In a group of 21 relatives vho did not respond to
the brief method, more extensive interviewing was not effective.

A paper entitled “The Problem of the Hostile Relative" was prepared (sub-
nitted to the Armed Forces Medical Journal).

REFERENCE. "Therapeutic Interviewing of Hostile Relatives,” Amer. J.

‘P_.Slo, Eg zs’: )4'55'
Informal Gry Structuresin Rifle Companies. PROGRESS. This study in
rifle companies comba in reserve in Korea was completed. The data

collected are belng studied end analyzed.

FUI''RE. It is anticipated thg.t work will be completed by 31 December.
The final repart will emphasize the social insulation of the rifle company,
squad identification, and the buddy relationship.

Studies in 8th Army, Korea. PROGRESS. A psychiatric research team
operating in the Oth Army 1n Korea is studying the effectiveness of treatment
of copbat fatigue and analyzing statistical data on the rates and distribution
of neuwropsychiatric casualties in FECOM. Data are being collected 1n 2 cambat
divisions.

FUTURE. To some extent the course of the war will affect the future of
this project, but the data already in the process of collection will be of
value and can be studied after the research team returns to the United States.

Electrolyte Balance. Ilead Injury end Renal Function

PROGRESS. The study of the effects of isotonic narenteral fluids on normal
and increased intracrenial presswre, vhich is complete, revealed that 5% slucose
is potentially more hazardous than isotonic saline in the maintenance of the
fluild requirements of patients with increased intracranial pressure. A study
of the exchange of radioalbumin between plasme and cerebrospinal fluid is
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complete; the appearance time, equilibrium time, and turnover time were estab-
lished.o

FUTURE. In view of the expected release of the investigator from active
duty 1 JW. no new studies were undertaken.

Clintcal Use of I+3%, p32 gma pd90

PROGRESS. Routine Procedures. !
Determinations of the 2l~hour uptake of I3 by ‘

in~vivo gamma counting technique 140

= TScintigrams for the localization of 131l in

19 patients following 21 separate doses 30
Determinations of 2i4~hour wrinary exceretion of

1131 in 21 patients 52
Determination of serum I131l by butanol extraction 5

- e .l

A manuscript on butanol extractable radioactive iodine and time concentra-
tion curves is being prepared.

One euthyroid patient with severe anging pectoris was given a therapeutic | 3
dose of 113l in order to produce a state of hypothyroidism (medical thyroid- ¥
ectomy). Clinical observations will be continued for several months. -

Four patients with nonmalignant thyroid disease (struma lymphomatosa
(Hashimoto's struma); hyperthyroidism which recurred after surgical subtotal
thyroidectomy; hyperthyroidism complicating organic heart disease; and hyper-
v thyroidism g¢omplicating acute and chronic liver disease) given therepeutic

doses of Il L are still being observed for effectiveness of the therapy.

i No beneficial effect was demonstrable in any of 6 patients with widespread
malignant neoplastic disease: 2, primary adenocarcihama of the breast (being
studied); 2, primary adenocarcinoma of the bowel (1 being studied, other
expired); 1, primary carcinoma of the ovary (expired); 1, primery retroperitoneal
liposarcoma (being studied).

Four patients with evidence by 1131 studies of residual thyroid tissue
in the neck despite a previous surgical attempt at total thyroidectomy, were
started on propylthiouracil therapy in preparation for a therapeutic dose of
1131 in the future.

pr = =

Thyroid tissue was obtained surgicolly from 2 patients following a test
] dose of 1131, and redioautography is now_in propress. One patient had thyroid
I tissue in the neck as demonstrated by 1131 studies after sttempted total sur-~
gical thyroidectomy; and the other, strume lymphomatosa (Hashimoto's struma).

A technique for eve~tumor localization with P32 , noted in the literature,
I was attempted in 1 patient having en intra-oculaer tumor suspected of being a f
; melanoma. Final evaluation of the initisl test is not yet possible. ;o

' Two patients were given intravenous Il3l-tagged human serum albumin and
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transported to the Bethesda Naval Hospital for studies on brain-tumor locali-
zation.

FUTURE. Diagnostic procedures and indicated therapy involving the use of
1131 7327 Aul98, ¢rdl, and Fe’? will be continued.

REFERENCE. "“Procedure for the Determina.tioni Ey in Vivo Gapma Counting
over The Anterior Neck Region, of the Upteke of I-3 the Thyroid Gland
24 Hours after the Oral Ingestion of a Test Dose of I131," ayailable.

Q\mtriftatm Stulies of Thyroidsl Dynsmics

PROGRESS. The shift of T13l at short times after administration wes
studied using counters and scintillation crystals. Collsboration with the
Army Quartermaster Corps Climatic Research Laboratory was completed in April.
A study was made of the thyroldal dynemics of humens subjected to prolonged
cold studies. The results will be incorparated in a report issued under the
auspices of Quartermaster Corps.

FUTURE. Liaison with the Quartermsster Corps is being mainteined in order
to £ind fufure applications of the technique.

Fate of C1*-Labeled Antigens

PROGRESS. Pneumococcus bacteria were labeled with Clu by being grown in
radioactive culture media. The metsbolism of the material so labeled was then
followed in the mouse by tracer techniques.

Subculture far 8 generations in the presence of acetate of various concen=
trations failed to produce Type II pneumococci more adept at acetate utiliza=~
tion than the parent organisms.

Using 2-c1* acetate » eultures were grown in acetate concentrations varying
decimally from 0.05 wM/ml. medium to 5000 uM/ml. medium. Growth was best and
acetate utilization most complete at the lowest concentration at the end of a
168-hour incubation period. Variation in the glucose concentration serially
from 09.4 uM/ml. medium through 8.68 uM/ml. medium did not alter the pattern of
acetate utilization described.

1.0 millicurie of 2«0 geetate was used to grow labeled Type II pneumo- o
coccal cells. The formelinized, washed cells obtalned presented sbout 3 x 10~
u per microgm. bact. N, '

The following experiment was set up using these cl¥.1abeled pneumococci:

Sacrificed
hours post= 05 ugme. 10 ugm. bact. Na 10 ugm. bact. Na
injection Nonimmune SII Pnc. II Pnc. IIT
3 ' 2 2 2 2
u8 2 2 2 2
168 1l 0 0 0
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" and autopsy specimens is desired.

Excreta (expired CO,, urine, feces) were collected at 3, 12, 24, 48, 72,
9, 132, and 168 h. post~injection. Liver, spleen, kidneys, lungs, and
whole blood were obtained when the mice were killed.

FULURE. The radioactivity of the samples will be evaluated by pas-phase
counting, after which the data on Ct% substrate utilization will be compiled
into 1 report and the above experiment into another.

Development of Apparatus for Dehydration of Frozen Tissues

PROGRESS. A freeze-dry method for the routine radioeutograph of surricel

The apparatus was assembled, but the ist
runs showed difficulty with crecking gless.

FUIURE. This apparatus, which was developed for use in a specific pro~

ject, is being kept for routine use.
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Project No. 6-59-12-22 NOT FOR PUBLICATION

Report Date 30 June 1953

Traumatic Surgery and Shock

Army Med Sv Grad School
Walter Reed Army Medical Center
Washington, D. C.

BRIEF. The purposes are: to study the mechanisms, physiologic effects,
and control of hemorrhagic and traumatic shock, and to develop practical and
improved surgical and chemotherapeutic methods for handling patients in such
conditions.

Renal Functions as influenced by Trauma in Man and Animsals

PROGRESS. Renal Tubular Back Diffusion in the Dog. The study of renal
tubular back diffusion during early post-traumatic rensl failure in the dog
is nearing completion. The following additional experiments were performed.

Four more animals were studied 18 hours after the hind 1limb was crushed,
as described in the previous report. A wide range in impairment of renal
function 1is achieved by varying the duration of clamping, although it is
apparent that differences in the pressure applied may have a similar effect.
Renal tubular permeability to small molecules such as creatinine, ferro-
cyanide, and mannitol appears to be increased when the filtration rate
(inulin clearance) is abnormally low, because under these conditions the
creatinine and ferrocyanide clearances fall to less than 50% of the inulin
clearance. When the filtration rate can be elevated by massive blood trans-
fusion this discrepancy between clearances tends to become obliterated.

Similar results were obtained in 3 dogs studied 18 hours after prolonged
hemorrhagic shock. Renal blood flow calculated from the extraction of inulin
and PAH invariably was low in these animals.

The previous observation that normal tubular impermeability to creatinine
and ferrocyanide 1s preserved following poisoning with mercuric chloride was
confirmed in 5 experiments. In these instances minimal, moderate, and severe
tubular disintegration (based upon histologic examination) was accompanied
by normal clearance ratios of creatinine, inulin, and ferrocyanide. In 1
case renal blood flow, calculated from the extraction of PAH, was within
normel limits although glomerular filtration (inulin clearance) was severely
reduced. '

Five dogs were subjected to various acute, operative procedures whereby
renal blood flow and hence glomerular filtration were reduced to a variable
extent and then allowed to return to normal. In these instances creatinine
and ferrocyanide clearances fell to less than half the value of the inulin




clearance, indicating tubular loss of these substances. The administration
of Benemid, known to inhibit active transport mechanisms, had no effect on
clearance ratios under these conditions. Elevating the plasma concentration
of creatinine, and thereby the filtered load of creatinine, eliminated the
discrepancy between creatinine and inulin but did not alter the clearance of
ferrocyanide. Mannitol increased the urine flow in 2 experiments and blocked
the tubular loss of creatinine and ferrocyanide in 1. All clearance ratios
returned to normal promptly after normal filtration rate was re-established.
These results indicate that the tubular loss of small 'molecules is a rever-
slble process most probably related to filtration rate and possibly influenced
by the rate of tubular water reabsorption. -

Effect of Heme Plgments upon Renal Function. Efforts to achieve a
satisfactory cross-circulation kidney preparation for the study of hemo-
globinuria were discontinued because of insufficient time.

Estimations of Filtration Rate in Sheep and Goats. Attention was
gradually focused upon determining the best index of glomerular filtration,
since all experimental deductions of discrete glomerular and tubular activity
depend directly or indirectly upon this standard of reference. The clearance
of exogenous creatinine has long been asccepted as an accurate measure of
glamerular filtration in the dog and the sheep, largely because of its sup-
posed identity with the clearance of inulin. Since studies of renal functiomn
during experimental shock have entailed the use of sheep and goats, the
simultaneous clesrances of exogenous creatinine, ferrocysnide, thiosulfate,
mannitol, and inulin have been studied in these species as well as in the dog.

The results of 2 prolonged experiments upon 2 sheep, in contradiction
to previous conclusions of Shannon (Proc. Soc. Exp. Biol. & Med., 37: 379,
1937), indicate that creatinine may be normally secreted by the renal tubules
of the sheep at rates exceeding 15 mg./min. Since inulin is concentrated
in the urine of the sheep and goat to a greater extent than any other sub-
stance not synthesized by the renal tubules except for creatinine, and since
its clearance is independent of the plasma concentration, unlike creatinine,
it is accepted as a true measure of glomerular filtration. After appropriate
corrections are applied for analytic error, it would appear that at phyvsio-
logically tolerable plesma concentrations (l-EmM/l.) the ferrocyanide ion is

excreted by both the sheep and the goat at a level slightly below the inulin
clearance.

In 2 goats a clamp placed upon the aorta between the origins of the 2
renal arteries allowed the rensl blood flow (and hence glomerular filtration)
to be severely restricted in 1 kidney but preserved in the other, control
kidney. With such a preparation it was possible to demonstrate the simul-
taneous secretion of creatinine from the tubule into the urine in the contraol
kidney at high filtration rates, and the resbsorption (or loss) of creatinine
from the urine through the tubule in the experimental, more distal kidney




wvhere filtration was reduced. Removal of the clamp was followed by an
increase in the creatinine clearance in the experimental kidney to rates
exceeding the inulin clearance. This secretion of creatinine could subse-
quently be inhibited by the administration of Benemid, although the reabsorp-
tive process could not. The simultaneous demonstration of both tubular
secretion and reabsorption of creatinine in the 2 kidneys is a cogent argument
against the validity of the creatinine clearance as a measure of glomerular
filtration in the goat.

FUTURE. The data obtained will be analyzed and a report written. The
principal investigator is leaving.

Experimental Shock--Circulatory Meéhanisms and Fluid and Electrolyte Changes

PROGRESS. Studies of experimental shock and its underlying hemodynamic
derangements are being pursued along lines previously indicated and as follows:

1. Animals were bled to death slowly (0.2 - 0.3 cc./kgm./min.) to
determine whether vasoconstrictive processes in the abdomen and leg resemble
those seen in the period of peripheral circulatory failure in hemorrhagic
shock (Walcott technique). The changes are essentially the same, no evidence
of sbnormal sympathetic activity being observed. Apparently the circulation
can adapt to slow changes of volume deficit without evoking excessive sympa-
thetic discharge. The capacity of the neurogenic mechanism is not fully
utilized, but its ability to respond is not lost.

2. 1In the single successful preparation of an isolated carotid sinus
it was possible to alter intrasinal pressure slowly over a wide range without
affecting systematic pressure, although abrupt changes did. This and 1,
above, suggest that pressoreceptor mechanisms can exert their homeostatic
function at different pressure levels and thus are not called into play to
counteract the slow decline of pressure in peripheral circulatory failure.

3. Studies of intra-aortic asystolic gradients showed that the "solar
plexus” region of the abdominal aorta is a pressoreceptor area.

4. Studies of the effects of hypervolemia on blood flow and transcapil-
lary exchange supported previous findings that (a) T-182k4 overestimates blood
volume, and (b) conventional measurements of capillary permesbility must be
corrected for flow.

5. Studies of the effects of adrenal medullary hormones on renal
functions are being continued to determine whether the effects previously
observed are directly rensl in origin or mediated via other endocrine
mechanisms. Some dogs have been adrenalectomized, others hypophysectomized,
and of these some have had their kidneys explanted to validate renal extrac-
tion ratios. These are the final studies of this sub-project.
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FUTURE. It is planned to continue and camplete the present studies on
shock; to carry out further perfusion studies of gross sections of the body
to evaluate basic hemodynamic mechanisms and concomitantly to elucidate
further potentialities of the asystolic gradient method as & measure of the
regional distribution of flow; and to study the effectiveness of the utiliza-
tion of the circulating blood volume mass, the distribution of blood volume,
and the control of veins in shock.

REFERENCES. "Aureomycin and Experimental Hemorrhagic Shock,"” Williams
and Clarke, Am. J. Med., 1k: 553, 1953.

"Femoral Vasomotor Tone and Vascular Reactivity," Williems, A. H., Am.
J. Physiol., 171t 779, 1952.

"Blood Flow and Transcapillary Exchange in Hemorrhagic Shock,"” Williams,
Sherwood, and Einheber, J. Clin. Inv., 32, 1953.

Toxic Factors of Wound Shock

PROGRESS. Previous work has demonstrated that the short-lived shock
preparation with minimal blood loss could be obtained by shooting previously
anesthetlized goats in the hind~-quarters with a high velocity missile. This
veriod was spent in an attempt to develop a preparation which would not
recelve previous snesthesia. The work, however, has suggested that anesthesia
is necessary to sensitize the animal properly if he 1s to die routinely within
L hours (or before bacterial problems of shock become important), even though
the impact velocity is increased to 7,000 ft. per second or the energy
absorption to 50 ft. 1lbs. per lb. body weight.

FUTURE. It is expected to determine the optimum time to anesthetize the
goat, and the effect of anesthesia per gse on the animal. After the prepara-
tion has been standardized the following will be studied: dynemic circulatory
changes by correlating studies of radioiodine-tagged plasma and chromium-
tagged red blood cells asnd blood pressure and cardiac output determinations;
metabolic changes, including electrolyte, energy metsbolism, and specific
enzyme system changes (such as acetylcholine and acetylcholinesterase balance
and nucleotide determinations); and possible modes of therapy (e.g., tourni-
quet, chemical blocking agents, surgery, etc.).

Studies on Acute Vascular Injuries

PROGRESS. Thirty goats were wounded in the thigh with & .30-caliber
armor-piercing ball and an impact velocity of 2600 feet per second. The
1st 4 goats were shot urenesthetized in the upright position, but no vessel
lacerations were obtained. The other 26 goats were lightly anesthetized
with nembutal and placed in the supine position for wounding. In these there
were 12 injuries to the femoral artery and 9 goats in which the femoral vein
was hit. All wounds were dressed immediately with a pressure bandage alone
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or combined with splinting of the extremity. At times verying from 1 to 30
hours af'ter shooting these animals were submitted to operation urder nembutal
anesthesia and their femoral regions explored. An estimate of the gross

damage, with photographic documentation, is made. The experimental control
femoral erteries, veins, and nerves are removed and tied into a frame which
maintains their in-vivo length during fixing. In selected cases muscle

biopsies are also o taken. The only justifiable conclusions at present are:
bleeding, whether it occurs from a demaged femoral artery or vein, is adequately
controlled by direct pressure alone; and a vessel need not be struck by a
missile to show gross evidence of damage and even extensive thrombosis.

FUTURE. Specimens will be carefully examined microscopically. When the
proper recording equipment is available, physiologic measurements associated
with these wounds will be obtained. Also, the impact velocity of the missile
will be altered. Following the establishment from the above studies of the
base line, studies will be extended to learn the effect of tourniquet appli-

"cation, anticoagulents, thrombolytic substances, sympathetic block, local

vapaverine application, exposure to cold, and what changes occur in the
collateral circulation following such vascular injuries. It is also hoped to
determine the extent of debridement necessary to effect satisfactory vascular
repair and the best method for such repair.

Tissue-Grafting Investigations. Embryonic Tissue Transplants

PROGRESS. Approximately 50 rebbits were implanted with bits of rebbit
embryo tissue at 2/3 full gestation. There was no apparent initial growth
of various tissues implanted subcutaneously. There was initiasl growth of
most tissues implanted in the anterior chamber of the eye, but there was
regression of the same growth after 3 to 4 months. The results of the brain
implants are not known.

It is proposed to repeat this experiment with embryonic tissue

at 1/3 ful gestation.

Tissue~-Grafting Investigations. Results of Tumor Implantations

PROGRESS. Heuschka's work in Philadelphia suggested that the trans-
plantability on homograft of tumors was related to the tetraploid state of
the chromosomes in the tumor cells. In an attempt to confirm this for

‘heterologous transplant, 2 mouse lymphomas--1l a diploid and the other a

tetraploid tumor~-were obtained from Dr. Hauschka. Both tumors were highly
malignant and metastasizable in the strein of origin of the mice. According
to Greene, metastasizsble tumors should be heterotransplantable to the anterior
chamber of the rabbit eye. Accordingly, each of these mouse tumors was
implanted into the anterior chambers of a number of rabbits; no growth after

2 to 3 months was noted. The tumor was propagated in appropriate mice and

the rabbit-implantation.experiment repeated. Again no tumor growth was noted
from either the diploid or tetraploid tumor in the anterior chember of the
rabbit eye.
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FUTURE. An attempt will be made to evaluate these results, in discussion
with Drs. Hauschka and Greene.

Tissue-Grafting Investigations. Standardization of the 2nd Dosage Phenomenon

PROGRESS. Approximately 30 rabbits were subjected to the following pro-
cedure. A standard-size homograft from specific donors was implanted with a
control autograft at the same sitting. The homograft was observed until it
sloughed. The specific rabbit recipient was then regrafted with -specific
rabbit donor skin, and the time of sloughing of the 2nd hamograft noted. Two
strains of rabbits, gray chinchillas and New Zealand whites, were used; each
strain was relatively pure but not inbred. Both the lst and 2nd sets of grefts
had epproximately the same time of sloughing: 9 to 12 days. No accelerated
response of the 2nd dose of homografts was observed. It is thought that since
the strains of rabbits used were sufficiently dissimilar, the time of slough-
ing of the lst set came within the accelerated response of a 2nd dose.

FUTURE. It is planned to repeat this experiment with all New Zealand
wvhite rabbits. Because these rabbits are genetically similar to one another
although not a pure strain, it is thought that the lst set will slough scme-
time after 20 days. When 2nd sets of specific skin are transplanted perhaps
the accelerated response can be observed and standardized. Such a standardized

preparation may then be used to study some of the immunologic details of the
mechanism of homograft incompatibility.

Physiology of Shock

PROGRESS. Studies were continued on the role of toxins from gram-

‘'negative bacteria in the pathology of hemorrhagic shock. Preliminary results

indicate that normal intestinal mucosa is capable partially of detoxifying

these toxins and that some of this detoxifying ability is lost by the mucosa
of a dog in shock.

The use of the hemagglutination technique for the determination of endo-
toxins in the peripheral circulation was initiated. Normal rabbits were
inoculated with dialyzed feces from dogs and their sera collected as a source
of antibodies. The intention is to use sensitized red blood cells of dogs as
an antigen. Some toxins from gram-negative bacteria have the characteristic
of adsorbing to erythrocytes and, if gram-negative toxins do have a role in
potentiating the pathophysiology of shock, it is possible that this technique
will be of value in detecting and quantitating them. The numerous technical
difficulties encountered in this assay system are gradually being resolved.

FUTURE. It is anticipated that work on both these problems will be
continued. 1In the case of the detoxification studies, confirmatory experi-
ments will be done and other toxins tested. As to the hemagglutination
technique, work will continue on eliminating artifacts in the system.
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Excretion of Antibiotics in the Bile

PROGRESS. The period of excretion of antibiotics in gallbladder bile
*varies with the drug used. The presence of the drug in the gallbladder is
: contingent upon patency of the cystic duct.

FUTURE. This work will be continued.

REFERENCES. Pulaski, E. J.: "Current Therapeutics. LXVI. Neomycin,"
The Practitioner, 170:669-676, June 1953.

Fusillo et al.: "Incidence of Penicillin-Resistant Staphylococcus sureus

smong Broad-Spectrum Antibiotic-Resistant Organisms," Surg. Forum, Clin. Cong.
Am. Coll. Surg., pp. 2h1-245. W. B. Saunders Co., Philadelphia, 1952.

Howard, Pulaski, and Fusillo: "The Pancreatic Secretion of Antibiotics
and Sulfadiazine in Man) Ibid., pp. 236-2LO0.

Pulaski et al.: "Experimental Endogenous Peritonitis in the Rat.
I. Response to Antibiotic Therapy,"” Ibid., pp. 227-232.

Experimental Peritonitis

PROGRESS. From the work on endogenous experimental peritonitis in the
rat it is concluded that the leucokemia which occurs in untreated rats was
reversed by penicillin-plus-streptomycin administered by the intravenous
route or the cambined intravenous-intraperitoneal route. Differential counts
of leucocytes from the circulation and the peritoneal cavity showed no signi-
ficant change in their ratio, and very few ingested bacteria were noted in
leucocytes from either control or treated rats.

Bacterial counts of the peritoneal fluid showed that penicillin-plus-
streptomycin administered by either of the ahove routes was effective in
keeping the number of bacteria well below that of the untreated controls.
However, the dramatic drop in bacteria count following administration by
the cambined intravenous-intraperitoneal route was not evident when the
intravenous route was used.

Studies on experimental endogenous peritonitis in the dog were extended
to include blood chemistry changes, electrolyte changes, antibiotic levels
of body fluids, and fate of the antibiotic in the animal, as well as
hematologic and bacteriologic studies. In a group of 10 dogs treated with
penicillin-plus-streptomycin administered by the combined intravenous-
intraperitoneal routes, 9 dogs survived and the 10th lived for 7 days follow-
ing treatment. At autopsy the 10th dog appeared to have died from a stitch
abscess which ruptured into the peritoneal cavity. Electrolyte studies on
the urine of the treated dogs showed a large increase in urinary potassium,
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& finding not duplicated in L untreated dogs. Bacterial counts of the

group of 10 dogs showed a decrease of 99% in less than 2 hours following
administration of the drug. Studies on antibiotic levels showed that
practically all the antibiotic was gone fram the peritoneal cavity and blood
in 10 hours, most of it excreted in the urine within 4 hours after adminig-
tration. Other analyses of the samples from these dogs are in progress.

FUTURE. It is expected to continue the study of peritonitis in dogs,
using different routes of administration and varying doses of antibiotics.

REFERENCE. Fusillo et sl.: "Antimicrobial Spectrum and Cross=-
Resistance Studies of Erythromycin (Ilotycin) and Carbomycin (Magnemycin),"
Antibiotics & Chemotherapy, 3:581-586, 1953.

Fluid and Electrolyte Studies

PROGRESS. The Surgical Research Laboratory on Ward 11B of Walter Reed
Army Bospital has continued to serve as the consultation center for problems
concerning fluid balance.

FUTURE. It is proposed to start study on electrolyte and nitrogen
metabolism prior to and after performance of major surgery. It is planned
that this study will encompass general surgical, orthopedic, neurosurgical,
serologic, and gynecologic cases.

Influence of the Pulse in Maintenance of Systemic Circulation

FROGRESS. A mechenical extracorporeal heart pump which is nearly com-
plete will soon be used for cardiac bypass to allow physiologic studies in
the experimental enimsl. A depulsating device will be constructed. Dogs
will be subjected to heart and heart-lung bypass during which the systemic
circulation will be artificially maintained using, alternately, pulsatile
and nonpulsatile flows. Previous work in this regard suggests that non=-
pulsatile perfusion of the systemic circulation leads to profound hypotension.

FUTURE. Experiments will be pleanned to: confirm the fact that a non-
pulsatile flow does produce or lead to & hypotension in the experimental
animal, gain insight into the mechanism of the hypotension, and attempt to
correlate the hypotension of various types of clinical shock with the presence
or asbsence of an effective pulse within the systemic circulation.

REFERENCE. Wesolowski, Fisher, and Welch: "Perfusion of the Pulmonary
Circulation by Nonpulsatile Flow," Sur » 33:370-375, March 1953.

Blood Vegsel Repair and Replacement. Influence of Freeze-Dry Process on
Fate of Arterial Segments subsequently used as Vascular Grafts

PROGRESS. Excellent facilities for the freeze-drying of tissues have
been in operation since the last week of May. So far, 4O pig, 24 dog, and
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8 human arteries have been successfully processed. Two of the human grafts
were employed clinically, with apparent success to date. Contracts have
been let for the procurement of pigs for purposes of graft implantation and
for their care after operation.

FUTURE. It is hoped that significant data will be obtained on: the
fate of fresh aortic homografts and canine arterial heterografts implanted
in the thoracic aorta of the growing pig, the effects of freeze-drying upon
the fate of arterial homografts implanted in the thoracic aorte of the grow-
ing pig, the effects of freeze-drying upon the fate of canine arterial
heterografts implanted in the thoracic aorta of the growing pig, the fate of
freeze-dried aortic homografts and canine arterial heterografts implanted in
the thoracic aorta of the same pig, the fate of fresh and freeze~dried human
arterial heterografts implanted in the thoracic aorta of the growing pig,
and the fate of freeze-dried human arterial homografts.

Should the freeze-~dried arterial graft prove to be associated with
fewer camplications (especially arteriosclerotic changes) than the fresh
graft, it is deemed essential that a major effort be directed toward deter-
mining why this is so. Immunologic and tissue culture approaches to this
problem suggested by Colonel Stone are being considered. Preliminary plans
have been made regerding the study of this problem by special tissuc culture
techniques involving cultures sensitized to fresh grafts. Preliminary dis-
cussions with Dr. Edsall regarding immunologic approaches to this problem
will be held in the near future.

Blood Vessel Repair end Replacement. Influence of Graft Type and of
Extent of Surrounding and Supporting Tissue upon the Dimensional
Changes of Veins Implanted in Arteries

PROGRESS. Four composite venous grafts, varying in length from 7.5 to
10.5 cm., were successfully implanted into the thoracic aorta of dozs. Each
graft was composed of a venous homograft, a fresh venous autografi, and e
delayed venous autograft preserved for varying periods in Tyrode's solution
prior to implantation. Three fresh autogenous vein grefts were implanted
into the femoral artery of dogs.

FUTURE. It is planned to observe, by periodic arteriographic studies,
the dimensional changes of these different types of veinc in areas having
varying degrees of surrounding and supporting tissue. The number of animals
in this study will be increased.

Blood Vessel Repair and Replacement. Influence of Suture Size,
Suture Method, and Vessel Caliber on Incidence of
Thrombosis in Arteries and Veins

PROGRESS. Since 15 April, 140 ansstomotic repairs of small-caliber
arteries and veins have been performed in 35 dogs. All were dopne with
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5-0 silk, half by the end-on-coaptation technique and half by the intimal
eversion technique.

FUTURE. It is planned to keep these 35 dogs for & minimum of 6
postoperative weeks and then to remove the anastomoses and observe the
incidence of thrombosis with the 2 methode of repair. Subsequent work will
depend upon the results observed in this initlal group of dogs.

Support of Surgical Research Team in Korea

FINAL REPORT. Since March 1953, when the principal investigator
returned from Korea, the primary effort has concerned the develomment and
testing of investigative and analytic methods used or to be used by the

Surgical Research Team in Korea. The following problems were undertaken
and completed:

1. Dextran, Analytic Method. A method for determining the concentra-
tion of dextran in plasma and urine, based on the density of the cloud
developed in a water-slcohol mixture, was completed. The effects of alcohol
concentration, pH, temperature, and time on the density of the cloud were
investigated and optimum conditions defined. Coutrol analyses gave recoveries
of added dextran with a mean of 1004 and a standard deviation of less than 1%.

2. Tissue Hemoglobin and Myoglobin Analytic Method. 1In order to inves~
tigate the causes of the changes in the circulating blood volume encountered
in Korean battle casualties, a method for the determination of tissue hemo-
globin and myoglobin was evolved and an enlisted technician trained in the
technique. A sample of purified myoglobin was prepared from human myocardium;
the spectrophotometric constants for human carboxy-hemoglobin, carboxy-
myoglobin, and cyan-metmyoglobin were confirmed; and samples of myoglobin
were lyophilized for shipment to Korea for calibration of their instruments.
Determination of 1 compound in the presence of the other was made, with 97-
100% recoveries and a standard deviation of 1-2%. The necessary equipment
was obtained and modified for field use. .

3. Urobilinogen Extraction, Literature Survey. As a measure of hemo-
globin breakdown the quantitative relations between hemoglobin, bilirubin,
-and urine, stool, and duodenal urobilinogen as defined in the literature
were summarized. The conversion of hemoglobin to bilirubin is said to be
complete, but the conversion to urobilinogen and excretion represented from
5-100% of that expected. The importance of measuring the gastrolntestinal
route of excretion was emphasized. A modified program to provide means of
collecting the essential data was outlined to the Surgical Research Team.

4k, Urobilinogen Excretion, Analytic Method. The analytic method
previously used in Korea was confirmed as Watson's standard, but the spectro-
metric wave length used in the procedure was in error. Means of correcting
for this error were worked out for application to the data aslready cobtained.
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that previously withdrawn. The dogs were observed for survival time and
ultimately autopsied. Four of 5 dogs survived indefinitely; the other died
at 36 hours. In general, pathology was limited to the kidneys, which showed
gross evidence of damage to both cortex and medulla.

FUTURE. The experimental data are being summarized. More dogs will
be prepared. Measurements will be made of blood pressure, cardiac output,
renal blood flow (dye dilution and para-aminohippurate), and kidney function;
and more kidney sections will be made to define the renal disease induced by
pure hemorrhagic shock.

Albumin Turnover in Patients with Liver Disease and in
Patients showing Impaired Recovery from Injuries

PROGRESS. The use of I-3l-labeled albumin to study the kinetics of
albumin metabolism is being continued and extended to more patients. Of
the 22 studies completed, 9 were in patients with acute hepatitis; 2,
cirrhosis; 4, post-traumatic patients; and 7 controls. In patients with
viral hepatitis there is a decreased exchangeable albumin pool size along
with a shorter biologic half-life, as compared with a series of normal
values previously published. Some of the patients with delayed convales-
cence from injuries also show a decreased slbumin half-life. Studies in 1
patient of the effect of the protein level of the diet on the albumin turn-
over rate showed thet a low-protein diet will shorten the half-life of
albumin. The turnover rate reverted to normal after the patient wes again
placed on a normal diet.

FUTURE. The principal emphasis will now be on the chronically wounded
patient. Further controls will be collected, and the effect of protein
intake on albumin turnover will be studied further.

Antibody Production in the Wounded

PROGRESS. The antibody titers are measured in Dr. Paul Havens'
laboratory, and the protein concentrations, here. Of the patients studied
so far, T had paraplegia; 3, brain injury; 1, chronic fracture; 1, quadri-
plegia; 1, ulcerative colitis; 1, intestinal fistula; and 10 were controls.
Since only the protein studies are available, it is possible to state only
that the chronically wounded patients show a lower A/G ratio than normsl
subjects. The antibody titers for this study will soon be available.

FUTURE. As seriously wounded patients become available this study will
be extended.

Resuscitation of the Protein-Depleted and Injured Casualty

PROGRESS. Protein intakes of from 1.9 to 5.3 gms. per kilo per day
were studied in depleted patients who were from 2 to 6 months post-wounding.
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Thus far a linear relationship has been noted between protein intake and
degree of positive nitrogen balance. These studies have all been carried
out with liquid diets at levels of 4O calories per kilo per dey.or higher.
Of the 8 patients studied, 5 were post-traumatlc malnourished patients, 2
were normal, and 1 had cirrhosis. Measurement of the ad-lib intake of
patients who have lost 20 to 30% of their body weight after wounding shows

a fairly consistent pattern of food intake. Protein intake is nearly always
between 80 and 100 gms. per day, ‘with nitrogen retention averaging 3 gms.
per dey. It seems possible from the studies completed that a vigorous
program of feeding may shorten convalescence from a half to a third of that
seen with a program of ad-l1ib feeding. Different dietary intakes in indi-
viduals range from 20 to 79 celories per kilo per day. So far there has
been a linear relationship between celoric intake and degree of positive
nitrogen balance. Too few data have been accumulated, however, to give this
observation much weight. In & very preliminary way it is estimated that at
least 40 calories per kilo per day is needed for rapid weight gain in con-
valescence.

FUTURE. This study will be continued as patients become available.

Body Composition in Depleted Persons during Return to Normal Welght

" PROGRESS. To determine what various diets accomplish in the way of
building muscle and protein mass, as well as the relationships of body
weight and body water, a study of body composition was undertaken. Body fat
is measured by the method of Brozek and Keys (Brit J. Nutr., 5: 194, 1951),
using a special set of calipers to measure skin-fold thickness. Total body
wvater is determined by the antipyrine method. With these facts the change
in lean body mass can be calculated accurately. The data obtained as mel-
nourished patients are repleted will be compared with those on nitrogen
balance accumulated simultaneously. This should provide an objective means
of evaluating various dietary programs in convalescence.

FUTURE. Patients will be studied as they become available.

Other Studies

PROGRESS. Electrolytes. The relation of serum calcium and magnesium
levels to trauma and shock was undertaken in cooperation with research teams.
An extensive series of magnesium determinations was supplied for correlation
with clinical data. The problem of calcium levels has been complicated by
the vagueness of the terms "bound" and "free" calcium. "Binding" in this
system is a complicated surface phenomenon of the lyophilic colloids, eand
the ratio of "bound" to "free" calcium can vary widely unless conditions are
precisely known end controlled. Experiments for an adequate and significant
definition of serum calcium have been in progress using ultrafiltration,
electrophoresis, and ionophoresis with radioasctive calcium. In the latter
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cage the calcium appeared to migrate independently of the proteins. It 1is
noteworthy that the analogous "binding" of calcium by casein was carefully

investigated some years ago and found to be a complicated and controversial
problem.

Steroids. The search for adequate methods for the corticosteroids was
directed to column chromatogrephy. Preliminasry data indicated good recovery,
with only moderate amounts of interfering color. These experiments included
the trial of various absorbents and solvent mixtures, as well as work on the
behavior of glucuronates and pure cortisone.

Action of Drugs, Analgesics, etc. This work has been limited (by space

and personnel) to the design and development of accurate analytic methods.

A new procedure for morphine in urine gave excellent quantitative results

36 hours after administration. Current studies are designed to define the
limitations of the chroamatographic and U.V. spectrophotometric methods.
Application to tissues has been complicated by binding effects and separa-
tion from the extraneous impurities removed from the tissues; however, the
preliminary steps of acid hydrolysis and extraction were established.

Biochemistry of Connective Tissue. Hyaluronidase was prepared fram
Clostridia welchii in extremely high purity, 225,000 TRU per mg N. The
nature and properties of this bacterial enzyme were compared with those of
testicular hyaluronidase. 1. Maximum hyarolysis was effected with about

as much bacterial enzyme. 2. Hydrolytic products fram both probably were
di- or tetrasaccharides. No monosaccharides were found. 3. The hydroly-
sate from testicular enzyme appeared to be beta glucuronido 1-3 N acetyl
glucosamine, as previously reported by other workers. The hydrolysate from
Cl. welchii was tentatively identified as & N-acetyl glucosamine 1-3
glucuronic acid. Confirmstory identification was not carried out.

FUTURE. The availability of facilities and personnel for applied
research on traumatic surgery and shock will now allow the expansion of
these and other current projects into this phase of work. The following
are planned: a comprehensive series of serum electrolyte analyses related
to treated animals; attempts to find adequate methods for steroids in plasma
instead of urine; application of current research on drugs and analgesics to
snimel studles on traums and surgery; shift of tissue respiration studies
from dermatologic projects to problems of traumatic shock; work on tissue
hemolysins--i.e., complex lipids, phospholipids, and lipoproteins--including
cbolinesterases and nucleotides, and applied directly to animal studies;
plasma-tissue exchange of radioactive tracer electrolytes, K+, Catt, Cl—;
and work on tyrosine-phenylpyruvate in relation to surgical trauma and shock.
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 Project No. 6-60-01-02 NOT FOR PUBLICATION
4 Report Date 30 June 1953

Studies on Hip Joint using Latersl Roentgen View of Hip

Madigan Army Hospital
Fort Lewls, Washington

4 BRIEF. The purpose of this work is to study the hip joint by means of
"~ @ lateral roentgen view of the hip.

e e e P AP s e . Al st

PROGRESS. The work which was done prior to this study and which led to
it was published (see REFERENCE, below). This work comprises an anatomic
study of femoral torsion and its relationship to congenital dislocation of
the hip and to other hip pathology. Roentgenograms are reported on 1,20k
hips of 499 children and 103 adults. Of these hips, 630 were in patients
considered to be normal, and 574 in patients with abnormal conditions.

Another phase of work just completed is entitled "Studies on the Hip
Joint Using the New Lateral Roentgen View." This new x-ray technique is as
helpful in diagnosing pathologic conditions of the acetabulum as the lateral
view is in the study of long bones. In this study of 400 normal and abnormal
hip joints in adults and children the following method was used. The patient
sat on a right-angle wooden bracket placed upon the x-~ray table. The seat of
the bracket contained metal strips which were recorded on the x-ray film.

The images of these strips of metal were used later for reorientation of the
x-ray film for the studies which were made. The x~-ray tube was directed over
the iliac crest and at 30° to the sagittal plane of the patient's body.
From the serles of films taken of each patient, measurements were derived
which when completed described the anatomy of the acetebula. The anterior
obliquity of the acetabulum measured approximately 32°. The angle of ante-
version ranged from about 25° in children to 8° in edults. Anterior and
posterior angles of the acetabulum were measured also. The triradiate
cartilage was used as 1 fixed point in forming these angles, and the deepest
point of the acetabulum as the other. By using the triradlate cartilage,
the anterior angle ranged from about 45° to 62° in children, and the pos-
terior remained at about 25°. This variation seems to reflect the greater
growth of the posterior lip of the acetabulum over the anterior. When the
deepest point of the acetabulum was used as a fixed point, the anterior angle
remained at about 40° while the posterior angle ranged from 25° to 35°.
This seems to reflect the growth in depth of the acetabulum. The CA angle i
was measured also; this was & measurement of the head-acetabular relationship. 3
i
#

This angle ranged from sbout 25° in infants to 10° in adults. Seven patho-
logic conditions about the hip joint were presented, including fractured
shaft of the femur and acetabulum with posterior dislocation, fracture-
dislocation of the hip joint, o0ld congenital dislocation of the hip, fracture
of hip following spontaneous fusion, calcifying synovial sarcoma sbout the
hip joint, septic hip in infants, and congenital dislocation of the hip in
infents. In all these conditions the lateral x-ray view of the acetabulum
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i simplified the diagnosis and distinctly aided in outlining the treatment.
It is felt that this new technique and the description of normal findings
will allow further understanding of some of the basic pathologic entities
of the hip joint.

Another phase now in progress consists of studies of the knee joint in
relation to pathology of the hip. An attempt is being made to establish the
normal genu valgum and genu varum in adults and children. More than 300
knees have been studied and x-ray measurements recorded. This study should
be completed soon, at which time work will be started on the study of tibial
torsion and its relationship to knock knee and bowleg. i

REFERENCE. "A New Method for Determination of Torsion of the Femur,"
Dunlap et al., J. Bone & Joint Surg., 35-A, 1953.




Project No. 6-60-11-17 NOT FOR PUBLICATION
Report Date 30 June 1953

Metabolism and Nutrition

Medical Nutrition Laboratory
1819 West Pershing Road
Chicago, Illinois

Nutritional Appraisals of Food Consumption and Nutritional Adequacy of
the Soldier's Diet

BRIEF. The object 18 to make systematic, periodic surveys of the
nutrient intake and nutritional adequacy of the diet in units representing
different services and cambat ams with wide ranges of activity and environ-
ment, through use of the "short" and "long" inventory methods and through
complete chemical analyses of composite samples of the food offered, of the
food eaten, and of the various losses.

BACKGROUND. This has been a principal activity of the Laboratory since
its establishment in 194L4. Past surveys by the military services in World
Wars I and II and since by this Laboratory, were carried out by inventory
methods, without camplete analysis by chemical methods. In June 1952, at
Fort Sheridan, Illinois, the lst of a series of surveys was instituted using
inventory and chemical methods. Particular attention was given to a study
of methods for preparing representative composite samples, which is a per-
plexing problem that has not been studied adequately. By analysis, the
average food consumed per person by a company of military police was 2390
calories; the edible food was 3129 calories. By inventory, the edible portion
was 3647 calories, after allowance for the observed preparation waste. The
Post Menu contained 3901 calories by calculation.

PROGRESS. Survey at Camp Pickett, Virginia. 1In the fall of 1952, 2 com- N
panies in the lst stage of basic military training were studied for 5 weeks.
The average consumption in the mess was 102 gm. protein, 134 gm. fat, and 390
gm. carbohydrate by difference (259 gm. by direct chemical analysis), provid-
ing 3174 calories. The kitchen and plate losses were 170 and 250 calories,
respectively. Thus the total edible portion contained 3594 calories by
analysis; the Post Menu contained 3579 calories by calculation after allowance
for the observed preparation loss. Between and after meals, 46 calories were
consumed in the mess hall, and about 613 calories from outside sources (PX,
vending machines, etc.). Thus the total energy intake from all sources was
3833 caloriess The average weight remained stationary during the 5 weeks.

Survey at Fort Riley, Kansas. The study of 2 company messes of an
infantry division in the 2nd stage of basic military training was undertaken
22 June and will continue until 25 July.
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A protocol has been established for use in studying hospital dietaries
to determine (1) whether at the authorized mondy allowance, patients are
being fed in accordance with the recommendations of the RRC Committee on
Therapeutic Nutrition, and (2) the energy needs and the nutritive intake of
hospital operating personnel. Plans have been made for an initial trial at

the U. S. Army Hospital, Fort Riley, from 27 July through 15 August, in
order to test and establish methodology.

Physioclogic Laboratory Evaluations of Packaged Rations and Food Packets

BRIEF. The object is to study the nutritional and physiologic adequacy
of packaged rations and food packets by animal and human experiments in the
laboratory.

BACKGROUND. Although the actual use of rations in the field provides
the ultimate test of acceptability and adequacy of the ration, physiologic
laboratory tests are essentlial for observatlions which cannot be made under
field conditions. Since November 1952, tests on the C-Ration have been con-
ducted with rats, by the Frost rat depletion~-repletion method. It is a ghort
test - in a sense a screening test - which imposes a severe nutritional
restriction, with subsequent rapid loss of 20 to 25% of body weight, followed
by rapid repletion with the test diet. Comparison with a standard reference
diet furnishes data on the ability of the ration to regenera'te hody tissues.
Human tests on gastroenterologic motility, digestibility, flatus, absorption,
and utilization are a part of the studies.

PROGRESS. RNutritional Adequacy of C-Ration in Repletion of Rats. Eight
rats were depleted on a protein-free, but otherwise adequate, diet until the
animals had lost 20 to 25% of their initial body weight. They were then fed
& hamogenized camplete C-Ration. The controls consisted of groups of animals
which received (1§ the reference diet pair-fed, (2) the reference diet through-
out, (3) C~Ration without depletion. Food consumption, b weight, and body
composition (specific gravity, protein, fat, water, and ash) were observed.
Four camplete series of observations were made with rats of the following
initial body weights: 100-125, 175-200, 275-300, and 375-425 gm. The results
indicate a rapid rehabilitation of body tissues with C-Ration equal to that
with the reference diet. The data are being analyzed.

Rutritional Status of Military Personnel: Body Components in Relation to
Rutrition, Training, and Enviromment

BRIEF. The object is to assess the nutritional status and physical
fitness of military personnel by medical examination, by calculation of body
composition using physical, anthropometric, and chemical methods, and by
physical fitness tests; and to relate these observations to food intake,
training, and enviromment.

BACKGROUND. These studies are made in connection with nutritional
surveys and field experiments in which the food consumption is determined by
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analysis or inventory or is prescribed by fixed diets. .Two such studies

made during ‘the past year (at Camp Pickett, Virginia, and at Pole Mountain,
Wyaming) represented voluntary intake and fixed diets, respectively. Similar
comparative observations on tralned, amateur, and professional athletes in
various types of sports are planned, in order to formulate standards of
optimal nutritional status and body composition for physicelly fit military
personnel.

PROGRESS. Changes in Body Weight during Early Phases of Basic Military
Training. Induction weights 1 to 2 months prior to the survey at Camp Pickett,
and basal weights during the 1st, 2nd, 4th, and Sth weeks of the survey were
obtained on 90 men from 2 companies. The mean weight remained between 69.5
and 69.9 kg. throughout this period; i.e., there was no significant change.
When this group was subdivided into 3 groups on the basis of relative obesity
as estimated from endomorphy ratings, however, significant changes were
observed. Thus the 15 most obese subjects showed a significant decrease in
mean weight fram 86.5 kg. at time of induction to 83.4 kg. at last week of
the gurvey; the 57 thinnest men showed a significant increase in weight from
64.3 kg. at time of induction to 65.3 kg. at last week of the survey. The
intermediate group showed no significant change.

Characterization of Group of Basic Trainees on Basis of Anthropometric
Data, and Changes during Early Phases of Basic Training. Anthropometric
measurements including skinfold thicknesses, extremity girths, trunk girths,
joint widths, and somatoscopic ratings were mede on 4OO men from the 2 com-
panies surveyed at Camp Pickett. Most of these men had the same measurements
repeated after 3 weeks, and alsp hed 4x5 x-ray pictures of the right brachium
taken for later measurements. Analysis of the deta is nearing completion.

Effect of Caloric Deprivation on Anthropometric Measurements. During
the 3 weeks of caloric deficit at the end of the Pole Mountain study the men
lost, on an average, 3.9 kg. (8% pounds). Other anthropometric measurements
made during this period showed a decrease in the various skinfold thicknesses,
decrease in the calculated "% body fat" based on the skinfold thicknesses,
decrease In the abdominal girth measurements, increase in the ratio of height
to abdaminal girth, and decrease in the area of the lean mid-brachial section.
These findings suggest primarily a loss of body fat but also a loss of some
muscular mass during the period of caloric deprivation.

Relation of Army Physical Fitness Scores to Body Build. Army Physical
Fitness Test scores were recorded for most of the men from Camp Pickett on
whom anthropometric measurements were made. It is planned to study the effect
of these measurements on the scores. In the experiment on the effect of
vitamin supplementation on physical performance of men in a cold enviromment
under caloric restriction and high energy output (Pole Mountain, Wyoming),
serial studies of anthropometric and physical performance data were made.

The deta are being analyzed for correlations of performance with body build.
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Effect of Training and Motivation on Fhysicel Performance. The rigorous
schedule of hikes and other activities of the 10-week Pole Mountain study
constituted an excellent physical conditioning program for the test subjects,
who had been engaged in much less vigorous occupations during the preceding
period. Keen interplatoon competition and the posting of platoon and indivi-
dually superior scores led to a high level of motivation. Serial studies of
scoring on the Army Physical Fitness Test and the Harvard Step Test showed
continuous tendency toward improvement throughout the 10 weeks despite cold
and caloric restriction. A slight plateau effect was partially due to the

tendency of many to achieve maximal scores in particular events of the Army
Physical Fitness Test.

Nutritional Status of Military Personnel with respect to Vitamins, Minerals,
and Other Nutrilents

BRIEF. The object is to assess the nutritional status by apalyzing body
fluids and excrete, apnd to relate these findings to the nutrient intake.

BACKGROUND. This project deals with aspects of nutrition which from
time to time assume importance and require investigation. At present the
most pressing problem concerns vitamin C, which, although plentifully supplied
in the A-Ration, may not be consumed in the minimal recommended quantity of
50 mg. per day because of cooking practices, mess facilities, and the food in
wvhich the vitamin is presented. This is true particularly in the packaged
rations, in which the vitamin is present mainly in the beverage powders.

PROGRESS. BPBlood Vitamin C in relation to Food Intake. The object of
this work phase is to obtain data from which the average ascorbic acid intake
may be predicted on the basis of analysis of fasting whole blood. In 41 men
receiving a constant total intake of 60 mg. vitamin C per day in food, and
4 divided doses of crystalline vitamin during 5 weeks, the festing blood
levels varied from 0.3 to 1.2 mg.%, average 0.61; in the same men receiving
50 mg. per day in food and 4 supplemertes] capsules during the subsequent 3
weeks, the fasting levels varied from 0.3 to 1.2 mg.%, averasge 0.71. In
L2 men receiving 1200 mg. in L divided doses, 1230 mg. total intake per day,
the levels varied fram 1.3 to 2.3 mg.%, average 1.76. At these constant
intakes the levels were characteristic for each person, perhaps because of
destruction in the intestinal tract, different rates of metabolism, or renal
factors. At 50-mg. inteke per dey, the Army recommended minimum, the lowest
blood levels, 0.3 mg.®, were within the range regarded as adequate by some
authorities; the means, 0.61 - C.70, are considered adequate levels by most
authorities. In & rendom semple of 47 men (Cemp Pickett) receiving an ad

1ibitum diet with a mean intake (by analysis) of 125 mg., the mean blood

level was 0.7h mg.%.

Field Experiments to Determine Nutritional Requirements and Means of
Improving Diet

BRIEF. The object is to conduct controlled experiments in the field
ith military personnel, to observe and study the effects of physical and

1028




stresses on the energy and nutrient requirements, and to devise
pal ‘means of increasing the efficiency and preventing or overcoming
icts of stresses. v

([GROUND. Work under this project includes all experiments which
outgrowth of lasboratory studies requiring verification or further
with human subjects under operational conditions which the soldier may
. Jumerous studies with animasls suggest that the ability to withstand
to cold and to perform muscular work'may be improved by the adminis-
on of large amounts of water—soluble vitamins, alone or in combination.
ture of vitamins, developed as & result of such studies, has been
recommended by the Committee on Therapeutic Nutrition of the National Research
i-'- 11, for use in conditions of stress and shock. An experiment to test the
Ty iveness of the mixture was carried out during 10 weeks (January-March 1953)
fat Pole Mountain, Wyaming. Another interest concerns the determination of the
energy equivalent of various military activities, upon which there is rela-
htively 1ittle information. Such data, when applied to time-activity observa-
ftions, allow ready calculation of the energy requirements of the soldier.
BStodies to supply the date were instituted during this quarter.

: PROGRESS. Effect of Vitamin-C and B-Complex Supplementation of Army
Rations on Subjects under Stress in a Cold Enviromment. Eighty-seven test
subjects were divided into 2 groups, a control group receiving a basal diet
and a supplemented group receiving the basal diet plus 40 mg. thiamine,

MO mg. riboflavin, 40O mg. nicotinamide, 320 mg. calcium pantothenate, 160 mg.
pyridoxine, 10 mg. folic acid, 16 mecg. vitamin Byjo, and 1200 mg. ascorbic acid
daily in capsules. The total caloric intake was 3800 calories. Physical per-
formance was measured repeatedly by the Harvard Step Test, Army Physical
Fitness Test, hand dynamometer, and standardized forced marches. Observations
wvere made also on temperature response to cold exposure, body weight and
anthropametric changes, mental attitudes by psychologic tests, and changes of
chemical constituents of blood and urine. During the last 3 weeks of the
study the diet was restricted to 2250 calories. The results of this study

are now being compiled.

Field Studies on Energy Requirements for Various Field Activities.
Field equipment is being assembled and analytic methods tested, for use in
field observations at Fort Riley and Fort Benning.

Develomment of Methods for Field Use

3
v '.I
.3
%
4
i

BRIEF. The object is to develop and test procedures for evaluating the
| nutritional adequacy of the diet, nutritional status, effects of physical
i work, and effects of stresses and fatigue; and to develop and test procedures
‘ for other investigations.

BACKGROUND. These studies, which were instituted in 1951, are being
carried out in the laboratory and in connection with surveys and field
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experiments. The principal interest has been on procedures for assessing
body composition, which now are being critically compared by several indepen-
dent methods. The determination of body camposition according to such cate-
gories as total body water, fat, and "lean body mass,” provides an insight
into the changes which may occur during a survey or an experimental dietary
regimen.

PROGRESS. Determination of Body Composition. During the past year the
relations between lean body mass as determined by skinfold thickness, oxygen
consunption, surface area, body weight, height and body girth, and brachial
muscle mass were determined; the data are now being compiled. The most
reliable of these relations is between oxygen consumption and lean body mass.
The latter is related to height and circumference by the following regression
formula, which gives & correlation of 0.863 with basal oxygen consumption and
: vhich bears out the traditionally associated relation between corpulence and
; a relatively large abdominal girth:

Le B Ma - 1‘4.8 X Heiﬁht 61.2
% Lean Body Mass Abdaminal girth f

These methods are being evaluated further at Hines Veterans Hospital by
determinations of body water by the deuterium oxide and antipyrine methods,
and at Great Lakes Naval Training Station by the specific gravity method in
weter. Other determinations include basal metabolism, skinfold thickness in
4 areas by the Medical Nutrition Laboratory (Best), and the Brozek-Keys
calipers, plasma volume by T-1824 dye, anthropometric measurements, and body
weight.

Determination of Energy Exchange. The object is to develop or adapt
portable instruments which can be carried for long periods by the soldier
under training and field conditions. Such equipment will permit techniques
that have many advanteges over the cumbersome Douglas bag technique, which
can be used only for short periods and requires frequent change. The Kofranyi-
Michaelis portable metabolimeter is now being tested.

Assessment of Biochemical Changes resulting from Muscular Work and
Fatigue. Work began 1 May 1953. The early work has been directed to the use
of the Elson-Morgan reaction for determination of glucosamine and to the isola-
tion of the serum mucoproteins by differential precipitation with perchloric
and phosphotungstic acids. These methods, which now appear to be in a

reproducible form, will be applied to humans undergoing exhsusting muscular
work.

Critique of Physical Fitness Testing. In relation to the physical fit-
ness tests used in the Pole Mountain study, several deficiencies in scoring
methods were discovered. More exacting methods to handle physical fitness
data have been evolved. The artificially truncated relationship of repeti-
tions of an event and the corresponding score as published in Army FM 21-20
\M

—
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(Rovember 1950) have been eliminated in the comstruction of new tables i
allowing for more or fewer repetitions than appear on the old tables. The
Harvard Step Test has been scored traditionally on a highly arbitrery basis
in which the final score does not necessarily have comparable significance ;
between men, or in serial tests on the same man. A suitable formula to :
correct the sum of post-exercise pulse rates according to the duration of
exercise up to the prescribed 5 minutes is:

= Obgerved pulse sum
Corrected pulse sum 0.756 - 0.00081 x seconds

‘.
:
i
;
4

Food Analysis: Determination of Total Cerbohydrates in Foods. The
accurate chemical determination of total available carbohydrate in foods has
! not yet been accomplished. Carbohydrate values in the published tables of
4 food composition are derived "by difference" after subtracting the weights
of other food components fram the total weight of the sample. It is highly
desirsble that a chemical method be developed to verify these approximations.
This work was initiated 1 May 1953. The early studies have consisted of
determinations on simple carbohydrate-conteining materials such as soluble
starch, starch-lactalbumin mixtures, and flour. These substances have been
hydrolyzed in dilute sulfuric acid and the reducing sugars determined by
copper reduction. - In addition, the anthrone method which does not require
hydrolysis to release reducing groups has been applied to the same materials.
It has been possible to obtain approximately the same results on the simple
i foods by both methods. The reducing-sugar and anthrone methods will now be
: applied to more complex foods and, finally, to composite diet samples from
the mess surveys.

Preparation of Homogenous Sample of Whole Animals. The study of crush-

1 ing and grinding frozen sections of rats in liquid nitrogen was continued.

The greater convenience and speed of grinding in the burr mill and the
observations of lower standard deviations of analytic data than those obtained
by crushing were confirmed.

Biochemical Changes resulting from Physical Stress and Fatigue

BRIEF. The purpose of this study is to note the changes which occur in
protracted and intense physical exertions such as may be required under
training and operational conditions, and to define, if possible, the physio-
logic and chemical changes at the stage of fatigue and exhaustion, for which
there are no objective criteria at present.

PROGRESS. Work was initiated 1 May 1953.

Factors which Affect Epnergy Expenditure for Various Types of Activities

BRIEF. The purpose is to determine the total metabolism during various
prescribed tasks_under a variety of envirommental and physiologic conditions,
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and to evaluate and define the factors which govern energy expenditure in
men of military age.

BACKGROUND. This project is part of a general study whose object is
the direct determination of caloric requirements of the soldier. In order
to assess the effect of various factors on the metebolic rate under field
conditions, controlled leboratory studies of the following variables will be
undertaken: reproducibility of & fixed tesk by the individual; effect of
food consumption, specific dynemic action using Army retions, diurnal varia-
tions; effect of Army basic training; effect of anthropometric varilations
and age; effect of clothing and temperature and increasing work loads; effect

-of fatigue. Soame of thege factors, such as specific dynamic action, have

received considereble study, especially with animals. They merit restudy,
together with other factors, in the same group of individuals in regard to
military conditions and requirements.

PROGRESS. Laboratory Studies. An air-conditioned lasboratory, contain-
ing & treadmill and bicycle ergometer, is being constructed, and the
respiratory gas snalytic equipment assembled and tested.

Literature Survey. A comprehensive summary of published data on energy
expenditure, or "energy equivalents” for work, with emphasis on military
activities, is being prepared.:

Fat Emulsions for Intravenous Administration: Preparation,
Stability, and Factors in Toxicity

BRIEF. The object is to prepare chemically and physically stable,
nontoxic fat emulsions for intravenous use.

BACKGROUND. This study, which began in 1951, during the past year has
included observation of the following:

PROGRESS. Effect of Particle Size. 1In previous gquarterly reports it
was stated that shaking of fat emulsions in a laboratory shaker at 250
cycles/min. regults in progressive increase in particle size as the duration
of shaking is increased. No change in chemical composition (monocarbonyl,
hydroperoxide, and free fatty acid) accompanies this change in physical
state. With short periods of shaking (less than 20 minutes), particles as
large as 10 micra appear end the thermogenicity of these shaken emulsions
is generally somewhat higher than of unshaken emulsions. With periods of
shaking longer than 20 minutes (20 to 180 minutes) particles from 10 to 50
micra appear and extensive gross breaking of the emulsion is evident.
Injection of these emulsions shaken for longer periods produces immediate
respiratory distress, circuletory collapse, and death in about a fourth of
the animals. Temperature rise is absent or lower than in animals receiving
unshaken emulsions. Extension of these observations confirmed these results.
They suggest that as particle size increases, thermogenicity increases up to
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the point where the particle size is great enough to produce circulatory
impairment. With profound circulatory impairment the febrile reaction is
suppressed. These observations suggested that minor pulmonary embolization,
without significant circulatory impairment, might be an important factor in
the thermogenic response. The occurrence of this minor degree of pulmonary
trapping has been repeatedly demonstrated histologically here in studies in
rats; there it was shown to be transient, almost all of the fat having
disappeared from the pulmonary arterioles by the end of 8 hours. The degree
to which pulmonary trapping occurs will depend not only on the particle size
of the emulsion as injected but also upon the relative stability of the
emulsion in the blood plasma. Thus, emulsions with particles all of small
size (less than 1 micron) may still produce pulmonary trapping by agglomera-
tion and coalescence of fat particles in the plasma after injection.

As a further test of the bhypothesis that minor pulmonary embolization
might produce a febrile response, studies are now in progress on the effect
of intravenous injection of glass spheres of a size comparable to the larger
fat particles (30 to 50 micra). Preliminary results indicate that pulmonary
embolization without circulatory collapse induces a febrile response.

Effect of Hemolysis. Previous workers have demonstrated that lipemis,
resulting from fat ingestion and fram injection of emulsions, results in an
increased mechanical fragility of red blood cells, with an associated rise
in plasma hemoglobin concentration. Whether the rise in plasma hemoglobin
1s entirely an artifact produced by hemolysis occurring during blood sampling
and handling or whether it represents a true in-vivo hemolysis has not been
studied adequately. In order to study in-vivo hemolysis without blood samp-
ling, total biliary fistulas were prepared in rabbits, the excretion rate of
bilirubin in the bile being used a&s an index of rate of red blood cell
breakdown in vivo. Preliminary observations were reported last quarter. 1In
a8 recent series of rabbits with biliary fistula it was found that the intra-
venous injection of 10 ml./kg. of fat emulsion led to the expected thermogenic
response without an attendant rise in biliary bilirubin excretion rate. This
is considered to be strong evidence against the hypothesis that fat emulsions
produce in-vivo hemolysis as the main cause of the febrile response. In
other studies now in progress, in-vivo hemolysis is being produced in biliary-
fistula rabbits by intravenous injection of distilled water or phenylhydrazine
to determine whether hemolysis is regularly accompanied by rise in body
temperature.

Toxicity of Triglycerides and Sodium Salts; Effect of Emulsifying Agent;
' Effect of Autoclaving, Peroxides; Effect of Heparin on Toxicity. No additional
< work was done on these phases of study; results are being campiled into
reports.

Lipemia-Clearing Action of Heparin and Role of Heparin in Fat Metabolism

BRIEF. The object of this study is to determine whether heparin brings
about the clearing of lipemia produced by intravenously injected fat emulsions
and to study the physiologic role of heparin in normal fat metabolism.
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BACKGROURD. Previous workers had shown that the intravenous injection
of heparin causes clearing of the lipemia resulting from fat ingestion. The
addition of heparin in vitro to lipemic plasma does not cause clearing, but
the addition of plasEE from an animel that has received a heparin injection
to a lipemic plasma in vitro results in clearing. In previous reports from
this laboratory it was stated that in rats the injection of heparin simul-
taneously with fat emulsions produced clearing of the ]ipemia and resulted
in the rapid removal of the fat from the blood. This laboratory has also
reported that when synthetic fat emmlsion is added to plasma from an animal
that has received an injection of heparin, clearing of the turbidity occurred
which could be quantitatively measured by changes in optical density as

determined spectrophotometrically.

PROGRESS. A quantitative method for determining the lipemia-clearing
activity of plasma was devised. Synthetic fat emulsion is added to plasms,
the optical density is measured, the mixture is incubated, and the fall in
optical density at intervals of up to 1 hour is recorded. It has been shown
that the reciprocal of the time required for a fixed fail in optical density
(0.15 optical density units) is rectilinesrly proportional to the concentra-
tion of cleering factor in the plasma. The optimal temperature for clearing
in rat plasma is 20° C. The clearing factor in rat plasma is thermolabile,
80% of activity being lost by incubation for 1 hour at 40° C. The clearing
factor is stable for at least 6 hours at 5° C. The relation between dose of
heparin and concentration of clearing factor in rat plasma was determined.
There is no clearing activity in the plasma of rats which have not received
an injection of heparin. Between 0.025 and 1.0 mg./kg. of heparin, the log-
dose of heparin and the concentration of clearing factor are rectilineerly
proportional. Doses above 1 mg./kg. of heparin produce no further increase
in concentration of clearing factor, but the maximal concentration persists
for a longer period with higher doses. Thus, with 1 mg./kg. the clearing
activity returned to zero at the end of 1 hour after injection, whereas with
4 mg./xg. the clearing activity remained maximal for 2 hours and returned to
zero by 3 hours. In plasma that has been cleared of lipemia by the action
of the clearing factor, the fact that the cleared fat is not extracted with
cold chloroform suggests that the fat has became protein bound. Human plasma
contains same clearing factor even when heparin bas not been injected. ™
injection of beparin into humans results in an increase in the concentratiom
of clearing factor. Studies are in progress to determine the fate of the fat
vhich is rapidly removed from the blood stream under the influence of bheparin.

Radioactive-carbon-labeled fsts are being prepared and their distribution in
the body after intravenous injection in emulsified form with and without
heparin determined. The question of whether the heparin in the body plays &
physiologic role in fat metabolism is being studied. The effect of feeding
fat and of the intravenous injection of fat emulsions on the tissue and blood
levels of heparin, determined chemically, will be studied. Studies are also
being made of the effect upon the blood basophilic leucocytes and tissue mast
cells of feeding or injecting fat. These cells are believed to be the site of

heparin formation in the body.
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FUTURE. Work will continue on the projects discussed above, and new
projects will be initiated as the results of work in progress indicate.
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(P32) as a Tracer," Levenson et al., J. Clin. Inv., 32: 497, 1953.

“The Passage of Ascorbic Acid Across the Membrane of the Humen Erythro-
cyte,” Golden and Sergent, Arch. Biochem. & Biophys., 39: 138-1k6, 1952.

“A Method for Quantitative Identification of Cenine Erythrocytes,"
Maloney, Conklin, and Levenson, Proc. Soc. Exp. Biol. & Med., 80: k86-k89, 1%2.

"Observations on Laennec's Cirrhosis: The Effects of Cortisone Acetate
During Low Sodium Regimen," Chamman et al., J. Lab. & Clin. Med., 4O:
Teh-754, 1952.

“Effect of Vitamin C Deficiency on Healed Wounds," Pirani and Levenson,
Proc. Soc. Exp. Biol. & Med., &: 95-99, 1953.

"The Physiclogy of Abdominal Pain,” M. I. Orossmsn, I1l. Med. J., 103:
112-11k, 1953.
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"Studies on Adrenccortical Eosinopenia: A Clinical and Statistical
Evaluation of Four-Hour Eosinophil Response Tests,” Best, Muehrcke, and Kark,
go Clinn _I_I-I'IQ, 2: 733-7“2, 1952-

"Bone Marrow in Idiopathic Throwbocytopenia Purpura. Analysis of 100
Cases with Reference to the Prognostic Significance of Eosinophils and

Megakaryocytes,” Presley, Best and Limarzi, J. Lab. Clin. Med., 40: 503, 1952.

"Age, Sex, Race, and Hemstologic Classification of 916 Leukemia Cases,”
Best and Limarzi, J. Lab. Clin. Med., 40: 778, 1952.

"“The Healing of Wounds in the Presence of Anemia,” Watermsn et al.,
urgery, 31: 821-88, 1952.

Leboratory Reports. "Studies on Phosphorus Metabolism in Man. III. The
Distribution, Excha.ng; and Excretioxi of Phosphorus in Man In Vivo Using Radio-
active Phosphorus (P32) as Tracer,” Levensan et al., MNL Report ¥o. 99,

15 July 1952.

"Nutrition Survey of A Company Mess, Fort Sheridan, Illinois,” Parrott
et 8l., MAL Report No. 100, 27 August 1952.

"Observations on Laennec”s Cirrhosis: The Effects of Cortisone Acetate
During Low Sodium Regimens,” Chapmen et al., MFL Report No. 101, 27 August 1952.

"Effect of Dietary Restriction and Subsequent Rehabilitation on the Serum
Alkaline Phosphatase of the Male Rat,” Da Costa and Clayton, MNL Report No. 102,
22 October 1952.

"Ascorbic Acid Inteke and the Anterior Pituitary Gland,” Stepto et al.,
MEL Report No. 103, 15 December 1952.

"Rutrition Survey of Two Company Messes, Ceamp Pickett, Virginia, 8 September
to 3 October 1952," Kuhl et al., MNL Report No. 104, 30 December 1952.

"The Use of Oral High Fat, High Calorie Emulsion for Total Peeding,” Kuhl,
Grossman, and Consolazio, MNL Report No. 105, 12 January 1953.

"Utilization of Intravenously Injected Fructose and Invert Sugar in
Normel Human Subjects,” Strub et al., MNL Report No. 106, 20 February 1953.

"Problem of Restricted Dietaries, W/Special Reference to Low Sodium Diets,"
Spinella, Berger, and Roberson, MNL Report No. 107, 22 May 1953.

"Studies on the Thermogenic Response to Intravenous Fat Emulsions,”
Grossman and Becker, MNL Report Ro. 108, 5 Jupe 1953.

"Tween 60 as an Emulsifying Agent for Intravenous Fat Emulsions. Toxicity
of Tween 60 Alone and of Fat Emulsions made with Tween 60," Strub and Grossmsn,
MNL Report No. 109, 15 June 1953.

"The Quantitative Measurement of Heparin-Induced Lipemia Clearing Activity
of Plagma," M. I. Grossman, MNL Report No. 110, 30 June 1953.
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Project No. 6-60-11-17 NOT FOR PUBLICATION
Contrast No. MD=412 . Report Date 30 June 1953

Todide-Co trat and I -Jodine
Convergion Capacity of Thyroid Gland

Dr. William B, Castle
Boston City Hospital
Boston, Mass.

BRIEF. The purpose of this work is to apply new methods in a study of the
thyroidal function in various disease states, particularly those which involve
a general metabolic insult to the patient and conditions of infectious or trau-
matic stress.

PROGRESS. Scintillation counting equipment was standardized and calibrated
for the continuous estimation of thyroidal I131 accumulation following administra-
tion of tracer doses of radloactive iodine. A new method desorlibed in the appli-
cation for this grant was applied for an evaluation of thyroidal iodide space and
rate of organic binding in conditions of stress. Both parameters of thyroidal
function were depressed in 2 patients following continuous administration of ACTH
for 48 hours and in 1 patient exhibiting prolonged hypoglycemia. Quantitative
responsiveness of the thyroid to exogenous thyrotropin was measured in 2 patlents
with panhypopitultarism.

FUTURE. These studles will be extended in more clinical states ascompanied
by stress.
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Project No. 6-61~01-05 NOT FOR PUBLICATION
Report Date 30 June 1953

Far Fast Medical Research Unit

Far East Command
APO 500
San Francisco, California

BRIEF. The Far East Medical Research Unit was established to plan,
coordinate, and conduct medical research in various areas of the Far East
Command and to furnish logistic support and serve as an operating base for
all medical research teams or groups sent to the Theater for specific short-
term investigations.

PROGRESS. (Annual Report) The Epidemic Hemorrhagic Fever Research,
Surgical Research, Wound Ballistics Research, Body Armor Research, and Psy-
chiatric Research Teams have ogperated on a lemporary-duty basis with the Far
East Medical Research Unit.

Epidemic Hemorrhagic Fever

These studies have been limited primarily to investigations into the
epidemiology, etiology, clinical management, physiology, and pathology of the
disease.

gidemiolo&. Hemorrhagic fever is characteristically rural rather than
urban, cases are for the most part sporadic. Clusters of cases, usually
limited to part of a unilt, have occurved without affecting other members of

the parent organization. In such clusters the disease seems to have been
contracted at about the same time by many patients, no other ceses following.
The patchy, sporadic incidence finds many analogies in the epidemlology of scrub
typhus. A prominent feature of the epidemiology is the occurrence of 2 dis-
tinct seasonal peaks, in May-June and October-November.

Following studies of outbreaks of hemorrhagic fever involving men working
or living closely together, it was concluded that the incubation period was
usually from 10 to 16 days, with considersble varlation either way; and that
the spotty distribution was consistent with an arthropod vector which did not
normally travel over great distances. The use of insect repellent and the
continuation of entomologic investigations to characterize the arthropod vector
were indorsed at that time.

Etiologic Agent. Japanese and Russian investigators have had reasonably
broad experlience with this disease. Limited experiments by Smorodintsev and
co-workers (1944) showed that ultrafiltrates of blood and urine obtained
before the 5th day ot disease were infectious for humans; both Japanese and
Russian workers falled either to establish obvious disease in laboratory
animals or to maintain it by serial passage, although both groups thought that
wild rodents (Apodemus agrarius and Microtus michnoi) could be infected by
the inoculaetion of blood or urine obtained from acutely ill petients.
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While isolation of an agent in a wide variety of experimental animals had
been attempted at the 406th Medical General Laboratory in 1951, blood passage
had been made in only a limited number of cases. The initial approach in
1952 was based upon the hypothesis that an infectious agent might be so
adapted by serial passage in some laboratory animal that it would produce
obvious disease. The inoculation of material from over 4D patients subse~
quently confirmed to have hemorrhagic fever has failed to establish a transe
missible disease in laboratory animsls which did not later prove to be due
to an infectious agent naturally occurring in lsboratory animals. Tyzzer's
Disease (J Med. Res., 1917) was encountered on several occasions in hamsters

and in mice, and an unidentified transmissible infection involving the liver
was observed at least twice.

Certain clinical features of hemorrhagic fever resemble those of rickett=-
sial infections in man and in cattle. Six serlies of stalned impression smears
of tissue obtained at autopsy were searched for rickettsia-like organisms.

In 3 of these, intracellular rickettsia-like bodies were found in endothelial
cells fram the pituitary glend, inferior vena cava, adrenal glands, and
splenic capsule. Dr. J. Warren's study of the cytoplasmic distribution of
these bodles suggested that they are distinct from normal or abnormal granules
of polymorphonuclear leukocytes, mast cells, or other granulocytes. These
bodies were not difficult to find in smears from patients dying before the
5th day of disease, but were scarce or absent in patients dying 8 days or more
after onset. The cbserved grenules were more apparent in Glemsa-stained
preparations than in films stained by the Macchiavello technique.

The finding of these inclusion bodies was the basic reason for using
embryonated eggs more extensively in continuing attempts to isolate the
etiologic agent of epidemic hemorrhagic fever. Fresh blood or autopsy material
from 18 confirmed cases of the spring epidemic were inoculated into fertile
hen's eggs. Approximately 10 blind serial passages were made in the same host.
Stained smears of embryonic tissues were made at harvest without consistently

demonstrating rickettisia~like bodies. No identifiable infectious agent was
recovered,

Work during the fall outbreak concerned primarily the intensification of
the study of the rickettsia~like inclusions seen in a few patients dying lale in
the spring epidemic. The spectrum of laboratory animals inoculated was
extended to include pigeons, albino rats, dogs, and cats, but major emphasis
was placed upon the lnoculation of embryonated eggs by different routes with
blood obtained within the lst 48 hours of disease, and with autopsy tissue.

Stained impression smears obtained at autopsy were studied for intracytoplasmic
inclusions.

Passages were not usually made unless signs of illness were apparent. A
few rat and hamster lines were bliind-passaged at 21-25 dsy intervals to provide
living potentially infected snimals for transportation to the United States.

A4l _animals which were sacrificed for any reason were autopsied, and impression

tissues stained. To date, no specific disease has been reproduced
"~ nor has it been possible to demonstrate consistently in
smic incluslions resembling those seen in fatal human
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Seriel passages from 8 blood specimens taken early in the disease, and
from 10 fatal cases, have been maintained in eggs. Routes of inoculation
included yolk, amiotic, and allantoic sacs. Stained smears of passage
meterials from these egg lines were observed at time of passage without the
conclusive demonstration of rickettsia-like bodies. No demonstrable new
organism has been observed in these egg lines to date.

The intracytoplasmic endothelial inclusion bodies were seen again in
tissues obtained from fatal cases of epldemic hemorrhagic fever in the fall.
It is cuwrrently the impression that such granules are most intimately associa-
ted with endotheliial cells of the large vessels; more critical observation is
required to confirm this. Whether or not these inclusions represent an
"elementary body" form of the infectious agent itself, or some product of
altered celliular metabolism, is unknown; definition of this point will depend
upon the successful reproduction of these bodies by some cultural technique.

Isolation studies are continuing in Korea, Tokyo, and Washington. Various
insects are used as primary experimental animals in the attempt to isolate
the agent. This approach is based on the successful cultivation of various
microorgenisms, and notably the pathogenic rickettsise, when inoculated into
the body cavity of insects. This work has just begun.

Entomologic Investigations. Entomologic investigations of hemorrhagic
fever bave produced informetion pointing rather clearly toward chiggers (the
parasitic larval stage of mites) as the probable vector of this disease.
Although confirmation of this presumption must await successful isolation end
manipulation of the etiologic agent, the accumlated evidence may be swmar-
ized as follows:

In scrub typhus, a chigger-borne disease, there occurs a characteristic
“spotty™ distribution within broad areas of infection, due tc the fact that
chiggers normally occur only in the immediate vicinity of the site of ovi-
position of the adult female. Further, there is a close correlation between
the seasanal peaks of scrub typhus and the seasonal incidence of vectors. 1In
Korea the seasonsl abundance of chiggers corresponds well with the spring end
fall peeks of hemorrhegic fever. The most abundant chigger species in Korea
are related to the known vectors of scrub typhus, a group that ordinarily
does not produce itching when infecting man. It is therefore considered
probasble that these minute forms could attack man and consistently escape
detection. Chiggers grestly outnumber other ectoparasites such as laelaptid
mites in the known endemic areas throughout most of the year, and are the
outstandingly dominant group during periods of presumed hemorrhegic fever in-
fection. Furthermore, they are very hardy, capsble of swvival under adverse
conditions and of activity at much lower temperatures than are most other
parasitic erthropods. The life cycle of trombiculid mites is intimately
associated with soil or soil surface litter, and the length of time that
elapses following oviposition, before the appearance of the parasitic larval
stage, is sufficiently greet to permit marked changes in the enviromment from
that required by the adult mite. The larval stage may remain dormant for
some time in the locale in which it hatched, aweiting the sppeerance of a
suitable host. For these reasons, persons brought into intimste contact with
the soil during periods of high chigger ebundance would be particularly exposed
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to contracting chigger-borne diseases. The epidemiologic evidence points
towerd this sort of transmission.

The investigational epproech to the entamology of hemorrhagic fever
during 1952 was largely through trapping rodents and other small animels in
aress of known endemicity, and analyzing their paresitic fauns with respect
to numbers and kinds of parasites present. The 4 rodents receiving particu~
lar attention in this program were Apodemus agrsrius, Microtus fortis pelli-
ceus, Clethrionomys rufocanus regulus, and Cricetulus triton nestor.

The commonest species of chigger encountered in Korea during the period
Mey-December 1952 was Trombicula (Leptotrombidium) pallide. T. (L.) orien-
talls was next, with T. (L.) paipalis also well represented. T. pallida
exhibited an interesting sessonal variation in abundance of the larv orm,
being the most prevalent chigger in May and again in September and October.
Only a small percentage of the total chiggers collected in November were
%, and the species was not found in Decenmber. The maximum pesks of

ce of pallide larvae preceded by 2 to 4 weeks the narmslly expected
mexima of hemorrEEio—fever cases, and the decline of cases followed the
decline of abundence of the species by a similar period. The 4 species of
wvild Korean rodents share the trombiculid mite fsuna, although some host
preference is indicated. The chigger found most commonly on Apodemus and on
Microtus was Trombicule (Leptotrambidium) pallidae

Laelaptid mites are parasitic in all their active stages of development,
but none of the Koreen species encountered exhibited seasonal peaks of sbun-
dance that could be correlated with the incidence of hemorrhagic fever. They
were far less sbundant than trombiculid mites. Fleas and ticks, the other
ectoparasites of rodents likely to be involved in disease trensmission, were
relatively scarce.

Proof regarding the definitive role of any of the potential arthropod
vectors of epidemic hemorrhagic fever must await the discovery of a susceptible
lsboratory host for the agent and its use in the usual isolation and trans-
mission studies. Entomologic and epidemiologic observations indicate that
a group of arthropods may be vectors of this disease: the ground-inhebiting
arthropods of limited mobility, such as chiggers, lselaptid mites, fleas,
and ticks.

Clinical Aspects. Febrile Phase. An irregular high fever is character-
istic of the 1st ¥ days. The usual early symptoms ere indistinguishable from
those of many infectious diseases beginning with headache and general malaise.
Malaise is prominent and is assoclated with restlessness, myalgla, and lumbar
backache. Temperature rises rapidly, and reaches 102° F. or more on the lst
day in many cases. Irregular high fever (101° to 106° F.) may persist until
the onset of hypotension. Anorexis occurs esrly and may progress to nausea
and vomiting on the 3rd or 4th day of illness, particularly in over-dehydrated
patients. Thirst is prominent and may lead to excessive fluid intake. The
2 most typical physical findings are facial flush and injection of the con-
Junctivae and palate. The flush is a diffuse erythema involving the face,
neck, and upper anterior chest and resembling a lst-degree sunburn. The con~

Junctival and palatial injection is fine, diffuse, reticulated, and not assoc-
iated with a purulent exudate. I_Inotensive Phase. Significant clinical shock

1082




appears in approximately 25% of the patients. It is commonest on the 5th ar
6th day but may appear as early as the 3rd. It lasts for from a few hours

to several days. Significant hypotension is absent in the remaining 5% of
the cases, and these patients pass directly into the oliguric phase. Physical
findings in the shock stage suggest widespread capillary damage. The dias-
tolic pressure is maintained initially; thus readings such as 100/80, 90/80,
and 86/82 are typical. A thready, weak pulse usually persists, but in severe
cases blood pressure and peripheral pulse are uncbtainable, the neck veins
collapse, and heart sounds are weak and rapid, with an apical rate of 150/
minute or more. Conjunctival edema increases and petechiae appear in increas-~
ing numbers. Oliguric Phase. Urinary output decreases sharply at the end of
the febrile phase, and oliguria or occasionally anuria persists for 2 to 6
days. The severity of the renal phase is independent of the hypotensive per=-
iod, and severe azotemis may be seen in patients who never show hypotension.
The symptoms of this phase are those of acute azotemia. Often the patients
become irriteble and restless, and sometimes combative. The blood pressure
rises during oliguria, usually to mild hypertensive levels, but it may reach
200/120 and be associated with encephalopathy and comvulsions. Bradycardia

is common. Uremic frost, pericarditis, diarrhea, and the hyporeflexia and
weakness of hyperkalemia may occur in more severe cases. Convalescent Phase.
The oliguric phase terminastes in a profuse diuresis, usually about the 10th
day of illness. Because of impaired rensl concentrating ability, polyuria
persists. The concentrating ability of the kidneys gradually improves,
returning to normal in 5 to 6 weeks.

Disturbed Physiology in Hemorrhagic Fever. Doctor David P. Earle, con-
sultant to The Surgeon General, who visited the Hemorrhagic Fever Center
believes that many of the phenamena can be interpreted on the basis of accepted
physiologic concepts which will offer & rational basis for the management of
the patient. There are a variety of nervous, humoral, and metabolic abnor-
malities which undoubtedly contribute to, or pley an important role in, the
pethogenesis of the clinical manifestations of hemorrhagic fever. Where these
are more clearly understood management of the disease may be greatly simplified.
Some of the most prominent are: arteriolar dilatation in hypotensive phase;
loss of plasma in hypotensive phase; return of plasma to vascular system;
trapping of erythrocytes in hypotensive phase and into diuretic phase; reduc-
tion of available vascular space in hypotensive, oliguric, and easrly diuretic
phases; relative hypervolemia in oliguric and early diuretic phases; and renal
feilure in the latter phases of the disease.

A wide variety of therapeutic agents and methods have been tried in the
management of these patients. In general, relative dehydration with careful
attention to blood volume, electrolyte balance, and the maintenance of blood
pressure are the most useful therapeutic methods. During the spring epidemic,
Trendelenburg's position and pressure bandages on extremities became stendard
treatment during shock.

In the early.fall, Doctor W. Barry Wood postulated that the vasoconstric-
tor noradrenalin might be valuable in this disease, since blood vessels were
dilated and engorged with little or no extravesation of red cells into sur-
rounding tissue, and since frequent early symptoms included dizziness or syn=
cope, and e flushed warm skin. While subsequent experience has indicated
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that some patients become refractory even to huge doses of this agent, and
that apparently it is ineffectual in preventing the development of shock
when given to patlents early in the disease, it is generally conceded to be
an additional and powerful tool in maintaining blood pressure during the
shock phase.

Body Water Compartments. In an effort to assess the shifts of fluid
between the vascular compertment, interstitial compartment, and intracellular
compartment, similtaneous measurements of the volumes of distribution of
Evans blue dye, sodium thiosulfate, and deuterium oxide were done in various
phases of hemorrhaglic fever.

Renal Path iology. Investigation of the rensl pathophysiology
by measurement of the glomerular filtretion rates and minimum effective
renal plasma flow revealed normal or high renal plasma flows and normal or
high glomerular filtration rates during the early febrile phase in the 6
patients followed. This has not disclosed the fundamental cause of the
renal lesion in hemorrhagic fever, but compensatory ischemia does not appear
to play an important role.

Hematologic Observations. Careful observation of the hematologic
changes during the course of disease in 29 patients with hemorrhagic fever
revealed a rather severe leukocytosis with a marked shift to the left in the
early stages, with the appearance of atypical lymphocytes on the 4th or 5th
day. The appearance of these cells was concomitant with an increasing lym-
phocyte count. Failure of the atypical lymphocytes to appear indicates a
grave prognosis. The hematocrit in theése cases appeared to be correlated with
the clinical course. Slowly increasing levels are seen during the febrile
stage, with a sudden rise at the beginning of the hypotensive phase. Hemato~
erit levels of 60 and 65 are cammon. As blood pressure rises the hematocrit
falls. This contimues during oliguria, and normal levels are reached in the
diuretic phase. Coagulation time and prothrombin levels are usually normal
although clot retraction may be poor. Prolonged bleeding time, depressed
platelet count, and increased capillary fragility are characteristic.

P32 Blood Volumes. Twenty patients were stulied by a modification of
the Reeve-Veall radioactive phosphorous (P32) red-blood-cell tag technigue
for the determination of blood volumes in the various phases of hemorrhagic
fever. The following trends were established from this series: The plasma
volume, and thus total blood volume, fall in the febrile stage, while the red-
blood-cell volume remains within normal limits. In the shock phase the red-
blood-cell volume 1s decreased. In the oliguric phase the red blood cell
remains low, while the plasma volume is low to normal - with the total blood
volume remaining low to low normel. In the diuretic phase, the red-cell
volume remains low whereas the plasma volume is normal to high and the total
volume is normal to high.

Comparative Pathology -~ 1951 and 1952. A coamparative study of the
autopsy cmses of 1951 and I9§2 was undertaken to determine whether any con-
sistent and recognizable change in pathology had occurred between the 2 years.
For this purpose the cases were arranged by year according to the stage of

disease in which death occurred; i.e., shock, oliguric, or diuretic. The
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clinical history and gross and microscopic pathology were then reviewed care-
fully to demonstrate similarities or differences.

There was a slight over~-all decrease in mortality in 1952, as evidenced
by a death rate of 6.4 in the fall outbreak of 1951 end of 4.9 during the
entire year of 1952. This slight over-all decrease represents a rather sharp
decline in the expected mortality rate during the oliguric phase, and
probably represents the effect of fluid restriction in the therapeutic regimen
employed in 1952.

There was a consistent difference in gross weights of the organs during
the 2 years, except for the liver. The average weight of the heart in 1952
was normal in all stages of disease. This was in rather sharp contrast to
the findings in 1951, when the heart weight was increased in the shock phase,
progressively decreasing in the later stages.

While there was a decreased incidence of pulmonary edema in 1952, espec=~
ially in those dying during the diuretic phase, there was a counterbalancing
increase in pneumonia as revealed by histologic examination.

A significant observation when the cardiac sections were reviewed was
that a very mild but almost constant change could be observed which was
diagnostic. This change was described in 1951, but no particular significance
wvas attributed to it because of its minimal nature. This change consists of
a mild infiltration of cells into an edematous layer immediately beneath the
intact and unaltered endothelium of the endocerdium. The infiltrate consists
principally of verious mononuclear cells with only a rare polymorphonuclear
leukocyte. Only a few cells thick, it was found in all chambers and even
occasionally on the valves. These infiltrates could be traced between muscle
: bundles into the interstitial tissue. Similar infiltrates frequently were
seen beneath the endothelium of the aorta and occasionally of the coronary
arteries.

There was little variation in the incidence of these observations between
1951 and 1952, but there was a decreasing prominence from the shock phase o
through the diuretic phase. '

Some "hemorrhage" was seen in the right auricle in all cases. It tended
to occupy the edematous endothelial layer and frequently was massed so that
; cell outlines could not be distinguished. No cellular reaction was found to
! this extravasated blood, even in the cases of longest duration. Considerable
’ variation in the size of erythrocytes was observed, extremely small erythrocy-
tes being found frequently. These small erythrocytes were observed in other
areas of "hemorrhage" as well.

The renal lesions seen in 1952 were much less severe than those of 1951
but the fundamental changes described in 1951 by Steer and Hullinghorst were
present. Re-examination of the cortico-medullary "hemorrhage" revealed thet

' engorged, dilated vessels made up the “"hemorrhage" in cases of 5 or fewer days'
duration. In cases of longer duration distinct vascular channels were not
Tound, but special stains revealed delicate fibers suggesting an extremely
dllated sinusoidal pattern. True hemorrhage seldom existed, and it is now
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believed that the appearance of hemorrhage is due to vascular dilatation and
diaspedesis of red cells.

The pathogenesis of the medullary necrosis is still obscure, although

there is some evidence that it may be secondary to anoxia. Medullary necrosis
was somewhat less severe and less frequent during 1952.

Changes in the anterior pituitary assume a somewhat altered relation
when considered according to stage of disease. Necrosis was present in all
patients dying in oliguria and in 17 of 18 dying in the diuretic stage. It
wvas less frequent in the deaths occurring in the shock stage. There was
i little difference in severity of ‘the necrosis between the 2 years.

-, There was a striking difference in adrenal necrosis between the 2 years,
: especially in the oliguric and diuretic ctages.

' It is difficult to evaluate the observed differences in histologic changes
't during the 2 years' experience, but it is believed that most of these differ-
\ ences probebly reflect the difference in therapy between 1951 and 1952 rather
A than an actual change in the character of the disease. Considerably more
% study of the histologic variations is planned.

!

|

|

Su;_gical Research Team

The Surgical Research Team was organized at the Army Medical Service Grad-
uate School and sent to the Far East in December 1951, with the broad purpose

of studying the combat casualiy for means of reducing further both mortality
and permanent incapacity.

in the treatment of the severely wounded is resuscitation, this was the lst

| problem underteken, and it has remained the major project during 1952. Many

|
1
i Resuscitation of the Severely Wounded. Since 1 of the greatest problems
‘ of these studies are still in progress.

{

With injury, © things happen to a man: mechanical defects may occur
which threaten life or function, tissue is destroyed, the defense against bac-
teria is broken, blood is lost, pain end emotional stimulation occur, and a
series of metabolic-endocrine changes 1s set in motion. The evaluation and
correlation of any of these defects constitute the problems of resuscitation.

|

1

| Mechanical Defects. If these defects—-such as an open wound of the

\ ‘ chest, cardisc tamponade, or respiretory obstruction—effect a vital functionm,

emergency treatment may well determine the immediate fate of the patient.

Tissue Destroyed. It is well known that a high-velocity misesile
produces tissue destruction far beyond its immediate pathway. Cavitation
occurs over e wide areas and consists of a series of cavities, each bounded by

, a fascial plene rather then a single cavity. As bullets, glass, or metal

‘ fregments strike the tissue, each cell becomes a secondary missile, traveling
at right angles to the bullet. Bone fragments may tear a wound of exit the
size of the fist although the primery missile wes quite small. Wounds of en~
trance and exit do not indicate the extent of damage in the intermediate
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tissues. It is the responsibility of the surgeon to explore each fascial
Plane, to remove the dirt, cloth, metal, and tissue fragments, and then to
excise the devitalized tissue along the lateral mergins.

Defense Agailnst Bacteria Broken. Immediately after injury the battle
casualty receives %,m units of penicillin and a booster dose of toxoid at
the Battalion Ald Station. When 100 patients were studied upon errival at the
forward hospital approximately 3—21— hours after wounding, contamination of the
wound was universal; Clostridia were present in approximately 2/3 of the
wounds, Clostridia perfringens in approximately 1/3. In spite of this con-
tamination, life-endengering infections, except in those patients with renal
insufficiency, are almost never seen in the battle casualty under present
conditions in Korea. Probably this is due to the relatively light flow of
casualties, permitting early and adequate debridement, and to the early and
consistent use of antibiotics. Gas gangrene has been seen in only about 1 in
1,000 casualties, has rarely proved fatal, and has occurred in ischemic, non~
viable extremities in which adequate debridement had not been achieved. Tet-
anus hes not been seen. Peritonitis as a cause of death has been infrequent.
Although the defense against bacteria has been broken, early surgical therapy
and antibiotics have proved quite efficient. Never before have battle
casualties haed so little to fear from infection. The short time lag of 33
hours between wounding and admission is stressed.

The last 3 factars-~blood loss, pain, and metabolic~endocrine response—
are 80 interwoven as to be inseparable in their consideration. Since severe
pain is unusual in the battle casualty, the need to administer drugs for the
relief of pain is infrequent.

Metsbolic-Endocrine Changes Set in Motion. These changes are a
response of the autonomic nervous system, the enal gland, the wound, and
other mechanisms. Defects in the adrenal corticel responses have not been
discovered.

Blood Lost. The loss of blood end the responses of the autonomic
nervous system are the 2 most important factors in determining the immediate
fate of most patients. Work here has confirmed the results of others that a
man can lose approximately 25% (about 1250 cc.) of his blood volume before
his blood pressure falls. A loss of 40% (about 2000 cc.) is associated with a
marked decrease in blood pressure. Out of the interplay between blood pressure
and the autonomic response emerge 3 syndromes. Using primerily the blood
pressure as the baseline, there are the syndromes of compensation, over-com-
pensation, and decampensation. Compensation. With a blood loss of 10 to 20%,
the autonomic nervous system can produce a vasoconstriction and an increased
cardiac rate so that a normal blood pressure will be maintained. The casualty
is pale, dry, and usually has a rapid pulse of decreased volume. The surgeon
must recognize this state and replace the blood-volume deficit before any
other therapy is undertaken. Morphine or demerol may cause a sharp drop in
pressure. Anesthesia will convert this incipient shock into profound shock.
Anesthesia, by blocking the compensatory response, changes compensation to
decampensation. Passive movement may have e deleterious effect, particularly
if it is accompanied by changes in posture of the patient. “Transfuse them
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where they lie" should be added to the old adage, "Splint them where they
lie." Overcompensation is a syndrome characterized primarily by hyperten-
sion, It is associated with a blood loss of 10 to 25% and usually results
from severe fractures of long bones associated with considersble destruction
of muscle tissue. Usuelly pain is severe, and it may be the etiologic fac-
tor. Whatever the etiology, the hypertension is maintained through the
mechanism of the autonomic nervous system. The pressure may rise as high as
240 mm. systolic, but it is characteristically around 150-150 mm. mercury.
A sharp drop in pressure follows the adminisiration of ganglionic blocking
agents. Pentothal, routinely used in Korea, produces a profound drop in
pressure. Narcotics, intravenocusly, may or may not produce a very gradual -
return to a normal pressure. Therapy should consist of immobilization,
analgesia, and replacement of the blood-volume deficit. Anesthesia should
awalt stebilization of the reaction. O3tabilization is used instead of sub-
sidence, as the hypertension may persist for a long (undetermined) period of
time. This syndrome represents 1 of the very few instances in which morphine
has a place in resuscitation, before arrival at the forward hospital. Decom-
ensation. This term is used as a syndrome of shock in its accepted sense.
wLit'h"a 1oss of over 25% of blood volume, the body is umable to maintain a
normal blood pressure. This does not imply that the autonomic nervous system
is not active. It may be quite active, as indicated by the fact that, follow-
ing partial replacement of the blood-volume deficit, a hypertension may
develop. Anesthesia blocks the responsiveness of the patient and at this
critical point is an additional injury of grestest importance. As has been
pointed out, the autonomic nervous system is active. Since anesthesia inhibits
this response, it furthers the injury. Vasoconstrictors play their chief
role in resuscitation at this point. Massive transfusion may be necessary to
restore normal blood pressure at this time, but observation of 4,500 battle
casualties whose evacuation time averaged 3% hours. shows that normal blood
pressure cen always be restored prior to snesthesia if there is no injury to
the central nervous system or there is no continued loss of blood. During or
following anesthesia, this statement becomes invalid.

A review of the experiences with some of the most severely injured
patients demonstrates several points of interest.

The gstudy of 30 casualties who, on admission, had an imperceptible blood
pressure showed that the prognosis of the casualty with a severe abdominal
wound is more grave than that of the casualty with a severe extremity wound,
and that the amount of blood required for resuscitation is a better indica=-
tion of prognosis than is the blood pressure on admission. Of 10 patients
with abdominal wounds, 4 died of continuing hemorrhage and 3 died in the
absence of continuing hemorrhage. Of the 14 patients with extremity wounds,
only 1 died; tbus the over-all moriality of the abdominal wounds (T0%) is
10 times that of the extremity wounds (T7%) in this small series. ALl T
patients with abdominal wounds who received 15 or more pints of blood for
resuscitation died, while only 1 (12.5%) of the 8 with extremity wounds who
recelved similar quantities of blood succumbed. The intermediate position
of the group with the combined injuries probably is due to the presence of
abdominal injuries of less severity.
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In 60 casualtles who received 15 to 42 pints of blood (ar blood sub~
stitute) during the 1st 24 hours after injury, again there was a higher
mortality in those with abdominal wounds than with extremity wounds. Sim-
ilarly, the incidence of severe renal failure lay predaminantly in the group
with abdominal wounds.

Mortality in the group vwhich received massive transfusion was due
chiefly to continued hemorrhage, to renal failure, and to postoperative
hypotension. Two patients with a gangrenous extremity died umexpectedly dur-
ing the 1lst 48 hours. Pulmonary edema has been so infrequent clinically
as to be a rarity.

Type "O" blood was used throughout this study. Crossmatching was not
performed. Transfusion reactions were extremely rare. Blood in unlimited
. quantities might not be available, however, to treat casualties in a mass
disaster. Preliminary experience in Korea indicates that many of the cas=~
walties can be sustained with plasma expanders until evacuation is achieved.
Others, with mild to moderate injuries, can be sustained through surgery and
subsequent evacuation, with plasma expanders. Finally, many of the casual=-
ties can be resuscitated with whole blood and plasma expanders in a ratio of
l:1. The availeble plasma expanders leave much to be desired in their
present forms. Those under study in Korea, dextran and modified gelatin,
offer promise of moderate support when blood is not available.

To recapitulate, the immediate treatment of mass casualties should con-
sist of: (1) control of hemorrhage; (2) correction of serious mechanical
defects; (3) movement to a minimal extent-~when feasible, transfusion before
movement; (4) avoidance of analgesic agents or sedatives whenever possible;
(5) the early administration of antibiotics; and (6) the restoration of blood
volume. Low-titer, group "O" blood can be used without appreciable fear of
hemolytic transfusion reaction. Plasma expanders can be used early and as the
sole supporting agent during evacuation or operation of casualties having a
blood~volume deficit of approximately 1000 = 1500 cc. In wounds of greater
magnitude a ratio of blood to plasma expander of 1l:1 appears promising.
Whole blood is, of course, preferable.

Dehydration Survey. From January through July 1952 objective evidence was
sought by selecting volunteers in the front line and measuring their daily
urinary output and its specific gravity. The over-all average for the 265
man-days studied was 1,252 cc. per day, with a specific gravity of 1.022.

The lowest:urinary output occurred in January--993 cc. per day-—— as compared
with 1,344 cc. in March, 1,246 cc. in May, and 1,168 cc. in June and July.
There was never objective evidence of continued water deprivation.

In a study of 50 casualties on admission to the forward hospital at an
average of 3.4 hours after wounding, the average specific gravity was 1,020.

Clinically, dehydration was not noted. Thirst is often an immediate
result of wounding and does not signify dehydration at this early stage.

Adrenal Punction in the Combat Soldier. The purpose of this study was to
survey the combat soldier for evidence of adrenal insufficiency secondary to
the chronic stress of battle.
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For purposes of comparison, a limited study was made of noncombat troops.
(1) The eosinophil count was performed daily for 2 or 3 days on 11l sol-
diers in & noncombat sres. The mean count was 142 with a standard deviation
of 67. (2) The average daily excretion of \17 ketosteroids was 13.6 mg., with
a range of 9.9 - 21.9 mg. The published normal for the method used is 8.0 -
22.0 mg. (3) The average daily excretion of 1l oxysteroids (formaldehydo-
genic compounds) was 17{ ug., with a range of 80 - 380 pg. The published
normal for the method used is 50 ~ 225 ug.

In the front-line soldier: (1) The eosinophil counts of 17 mén obtained
daily for 3 days were distributed sbout a mean of 154 with a standard devia~
tion of 59. Single counts of an additional 21 men were also normal. (2) The
17 ketosteroid excretion was studied during 68 man~days; the results were
essentially normal. (3) Studies of the corticoid excretion in the same
group revealed a normal or elevated excretion. The change in excretion from
day to day could not be correlated with the day's activities.

Ko evidence of adrenal exhaustion has therefore been demonstrated.

The Battle Wound. Observations at the surgical hospital and at the
evacuation hospitel have demonstrated few problems in the management of the
battle wound. The policy of debridement and secondary closure still appears
to be the safest, most conservative policy. Twenty small wounds which were
completely debrided and closed primsrily healed normally, but the probebility
of serious errors in selection prevents the adoption of such a policy. The
major problems in wound healing and wound infection have been encountered in
the anuric patient; the underlying factors are under study in these patients.

The bacterial flora of the war wound was studied in a selected series of
casualties. Cultures of 94 tissue samples from 33 patients have been completed .
Ninety-one % of the patients demonstrated Clostridia; O7% of the tissue
specimens yielded Clostridis. Clostridium sporogenes and Clostridium in-
gens were most cammonly isolated and were found at all depths of the wo
from entrance to exit, in clothing, end in soil. The aerobic flora contained
a high incidence of non-hemolytic streptococci, Proteus, Aerobacter, and the
Bacillus species. Hemolytic staphylococcl were found occasionally.

The antibiotic sensitivity of 15 species of Clostridia fram the wounds
was determined; most were sensitive to penicillin, terramycin, and aureomycin,
and to a lesser extent to chloromycetin.

Changes in the bacterial flora are being correlated with the progression
of wound healing.

The Systemic Reaction to Wounding. As mentioned above, a loss of 20-25%
of the blood volume is tolerated before the blood pressure drops. A blood
loss of 4% (2,000 cc.) is associated with severe shock. Following severe
injuries and transfusions, the blood pressure cen no longer be correlated
with blood volume. Massive transfusions may be required to restore the blood
pressure. This study of the blood volume is being continued.
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Following injury, the red cell shrinks in size. With extremity wounds
there is a gradual drop in the hematoerit. With abdaminal wounds there is
a marked increase in the hematocrit. The hematocrit on admission is of no
value in estimating the blood-volume deficits.

The white-cell count rises rapidly after injury. A count of 30,000 to
40,000 on admission is not unusual; generally this falls during anesthesia.
Occasionally the count falls precipitously toward the end of operation; in
such instances the clinical course of the patient has been quite serious.
The eosinophil count drops to near zero a few hours after injury and then
gradually rises over a period of days; a coincident lymphopenia has been
described. , ‘

After injury there is an increase in the platelet count and in the fib-
rinogen concentration of the blood. . The prothrambin activity decreases with
transfusion, due possibly to a deficiency of labile accelerator globulin in
the transfused blood. ‘This deficiency may account for the ocozing tendency
seen after massive transfusion theraspy. A few days after injury the pro-
thrambin activity returns to normal. ‘his is followed a few days later by &
secondary drop which is proportionate, both in megnitude and duration, to
the magnitude of the original injury.

The anuric patient not infrequently develops a defect in his clotting
mechanism. Clinically significant bleeding may occur. Studies of this
defect are under way.

With transfusion, the hemolysis of transfused cells produces a rapid
rise in the free plasma hemoglobin. If the circulation is adequate the con-
centration of hemoglobin falls rapidly. Following shock or abdominal injury,
the concentration falls more slowly.

Immediately after transfusion there may be a loss of red cells of con-
siderable magnitude. This 1s guite marked in some of the patients with
very lerge tissue defects and in those developing post-treumatic renal in-
sufficiency.

Chenges in renal function are noted following injwury: routinely; & con~
servation of water and sodium and a loss of potassium for several days. Album-
inuria is almost always present and Is quantitatively proportionsl to the
magnitude of the injury. Glomeruler filtration as measured by inulin cleer-
ance, and renal blood flow as messured by pera-sminohippurate cleerance, are
markedly reduced following severe injury. Daily clearance studies of endogen-
ous crestinine reveal an elevation in most patients which persists for T days.

The patient who is developing post-treumatic renal insufficiency fre=-
guently excretes about 500 cc. urine the lst day, but only 50 cc. the 2nd.
Such e patient, while excreting 500 cc. daily, has & very marked reduction in
rensl blood flow and in glomeruler filtration rate. At this time, however,
the ability of the tubules to concentrate the urine is maintained.

Standard hepetic-function studies reveal striking abnormalities efter
injury; the function slowly returns to normal over a period of 7 - 14 days.
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(1) During resuscitation the serum bilirubin rises sharply, and after a few
hours begins to fall toward normal. The increment is in the protein-bound
fraction. (2) The urine urobilinogen incresses for 1 or 2 days after injury
and then falls; a 2nd rise occurs sbout the 3rd to 5th day. (3) Bromsulfa-
lein retention is marked after serious injury; the excretion slowly returns
to normal over e period of 7 - 14 days. (U4) The cephalin flocculation test

is abnormal, slowly returning to normal. (5) Prothrombin activity falls
with transfusion; a 2nd fall occurs sbout the 5th - 8th day.

Studies of edrenal function indicate that the stress response in these
patients is of long duration. It seems probable that the response is the
result not of a single trauma but of repeeted trauma: combat stress,
anesthesia, operation, secondery debridement, and secondary closures.

Immediately efter injury the eosinophil count drops to nesr zero; this

was alvaeys observed after serious injury. Thereafter the count rises slowly,
and mey rise above normel.

The corticoid excretion rises after injury and then returns to normel;
a secondary rise may occur. The excretion is usually invariably proportions-
ate to the eosinophil count. Seventeen ketosteroid excretion frequently
rose, but not above normal limits. Sodium retention and potassium diuresis
are quite marked and may continue for 7 - 14 days.

With injury there is a decrease in salivation and gastric motility.
There is a transient decrease in the production of free hydrochloric acid
by the stomach. The sbsorption of water (deuterium oxide) is retarded after
injury. After a bowel injury the absorption of water msy be deleyed as

late as 10 days after injury, even though bowel function appesrs to be
clinically normsl.

Following resuscitation there is a transient rise in plasma hemoglobin
and protein-bound bilirubin. Albuminuria occurs, and others have shown
that albumin is lost into the injured tissue. A decresse in the A/G ratio
occurs. Fibrinogen increases and prothrombin activity diminishes.

Sodium retention and potassium diuresis follow trauma. Plasma studies
of Na, K, Mg, and Ca sre under way. Creatine excretion after muscle trauma
is quite marked. Creatine excretion msy be quite low or exceedingly high.

Sequelse of Shock and Injury. Post-Traumatic Renal Insufficiency. Renal
vasoconstriction follows any major injury. As the degree of injury increases,
the degree of resulting renal damsge increases. It is believed that this
renal damage 15 due primarily to ischemia. So far this vasoconstriction has
not been overcome by autonomic blocking agents. As the degree of renal
injury increases, the clinical course of the patient becames more critical.
Very often hypertension accompanies this renal damage, and occasionally it
i3 the most prominent manifestation.

Any seriously injured patient may have a decreased glomerular filtration
end renal blocd flow as measured by inulin and P.A.H. clearance. Although

some seriously injured patients maintain & normel urinary output, they have a
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ed glomerular filtration and a progressive azotemia. Those patients
‘;}tm clinical course but survive.

‘!he next degree of injury is marked by oliguria and a more rapid rise
peblood protein nitrogen and potassium. If not adequately treated, patients
. Jgd:l.e of this complication. Careful observation and occasional dialysis
Fest t in a low mortality.

- The most serious stage of renal demege is anuria (less than 100 cc. urine
dgy) Prior to the development of the Rensl Failure Center the mortality
from this complication was approximately 80 to 90%, the patients dying on

@bout the 6th day. The mortality rate 1s now 50-60%, with death occurring
'the 1lth or 12th day.

Abdominal Hemorrhage. This injury may be fatal because of the sur-
geon'’s inability to control hemorrhage prior to operation. A therspeutic
#trial of an intra-aortic balloon catheter to control hemorrhage prior to
®enesthesia in the extreme circumstance has been suggested. As yet no progress
'r has been made on this problem.

Postoperative ggotension. This syndrome occurs frequently, and if
tntreated may lead to a fatal hypotension. Usually it will respond to further
f transfusion even though previous transfusion was massive. Vasoconstrictors
¢ bave a limited place in conjunction with transfusion. Observations are now
. under way on the pressor response to calcium under these circumstances.

Irreversible shock is not recognized prior to anesthesia unless it is
based on continuing hemorrhage or injury to the central nervous system.
Shock is sametimes rather refractory to transfusion, however, after massive
wouds of the abdomen or extremities. Anesthesia greatly accentuates this
refractoriness. Continuation of this study in the field and in the Zone of
the Interior has been recommended.

Gas Gangrene. This complication has been recognized in only about
lin, battle casualties, despite the slmost constant contamination of
battle wounds with Clostridia. Mortality from this complication is now
almost zero. The infrequency of this complication is due to early, adequate
debridement and to the consistent use of antibiotics.

Vascular Injuries. Arteriel injuries have been studied for the past
year. Primary arterial repair is the treatment of choice. Autogenous vein
grafts can be used to bridge larger defects. All arteries of a caliber
large enough to permit anestomosis should be repaired. No limitation as to
time between injury and repair can be described. The limitation in en in-
dividual patient 1s due to anoxia of the muscle rather than to local arterisl
changes. Although no limitation can be placed on the time of repair of the
gndividual vessel, the incidence of failure rises sharply after & lapse of

hours .

As a result of the project many limbs are being saved in the battle
casualties of Korea. The incidence of amputation of an extremity after injury

t0 the popliteal artery has dropped from 726 in World War II to approximately
20% in this study.
1093




Hematologic Response to Wounding and to Resuscitation Accomplished by
Large Transfusions. In an eifort to determine whether harmful effects result
from massive transfusion of group "O" cells, 37 casuslties were studied at
the time of initial resuscitetion; some of these men received 30 or more
pints of blood. The natural results of storing blood ~ increased plasme
hemoglobin and potassium, nonviability of platelets and leukocytes, and low
labile factor activity - had little or no deleterious effect on patients.

As mentioned earlier, there 1s a remarkable loss of circulating red-cell mass
in patients with wounds involving great tissue destruction; this is believed
to be due to hemolysis from an unknown mechanism.

Massive transfusion of group "O" blood into patients of other types
resulted in a more or less complete replacement of red cells. These patients
at times have plasma antibodies against their own hereditary' group; this
produced a gradual hemolysis of native red cells in some ceses. No clinical
reaction occurred, and this is not believed to be a serious matter so long
as no effort is mede to us€ a type-specific transfusion for at least 2 weeks.

Renal Insufficiency Center

While renal insufficiency is a relatively infrequent complication of
wounding, the mortality from it is very high. If justification is needed
for the extensive and specialized ward-laboratory operation required by
these few patients, it lies in the fact that effective therapy is made avail-
able to a group of wounded soldiers, increasing each individual's opportunity
for survival to an extent not possible before.

The following conclusions are drawn from 1 year's operation of this
Center: '

(1) Because patients with renal insufficiency present complex problems
in physiology end clinical management, maximal efficiency is achieved by
concentrating them together with physicians having special training in this
field. Likewise, assigned nurses and technicians rapidly learn how to meet
the needs peculiar to these patients and become expert in their vital task
of continuous care.

(2) The practicality of the Brigham-Kolff type of artificial kidney as
a usgble instrument in a fixed situation in the field is conclusively demon-
strated. 1Its requirements of 220-volt electric current, preheated dialysate
bath water, and e flood drain for disposal of used dialysate fiuld were easily
met. 3pecial arrangements for supply of special nonstandard equipment must
be nade in advance. Additional study will be required before the present
instrument can he cousidered portable enough for close support in a highly
mohile type of warfare; it is hoped that these studies will be undertaken
S00n.

(3) This experience demonstrates the value of establishing certain spec-
ialized treatment centers within the forward zone of military operations.
The unique metabolic behavior of these patients demands prompt and early
specialized treatment and renders therapy in areas to the rear relatively
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" effective. Tarly helicopter evacuation is well tolerated by these
gtients. The artificial kidney must elways be considered as only an adjunct

(4) The management of patients with renal insufficiency requires ade-

te laboratory support, including determination of the major extracellular

finid elecirolytes and nonprotein nitrogen in blood, urine, vomitus, and

strointestinal drainage, as well as frequent tracings by a direct-writing
lelectrocardiograph. The latter, together with a flame photometer, manometric

¥an Slyke apparatus, and accurate analytic methods for other substances, were
ntirely operable and gave good results under the field conditions experienced.

The bulk of the clinical experience involved patients with renal insuf-
pficiency following traums, most of whom were gravely wounded. Their mean
fevacuation time was 3 hours from wounding to definitive therapy, usually at
Mgpile Army Surgical Hospitals. In every instance availeble data suggested
& that these patients had a period of hypotension and had received some low-

¥ titer type "O" blood; many received albumin and plasma. The diagnosis of
E-renal insufficiency was uniformly suggested by postsurgical persistence of

i oliguria and in some instances was confirmed by water-load tests.

P ' Hemodialysis achieves only 1 objective directly: restoration toward
p normal of disturbed extracellular fluid ionic and molecular concentrations;
I indirectly, intracellular composition is also affected. Clinically, hemo-
I dialysis is followed by improvement in mental alertness and sense of well=-
}j being, relief of nausea, and increase of appetite; consequently, bedside

* care and management proceed more smoothly.

. The patient's primary surgical problem remains, however, as does the
inevitability of chemical and clinical uremic relapse so long as oliguria
persists. For this reason, numerical statistics of morbidity and mortelity
may not be expected to reveal the true value of the technique. Whereas only
2 patients clearly owe their survival to emergency use of the artificial
kidney, it is reasonably certain that most of the patients who expired wowd
have done 50 much sooner without access to the dialyzer, and that usually
death occurred when the problems of healing massive wounds, infection, and
malnutrition in the presence of prolonged, severe uremia proved overwhelming.
Few of the swrvivors in addition to the 2 just mentioned would have recovered
without hemodialysis because of the severity of their potassium intoxica-
tion; and, in any event, they were aided chemically and symptomatically by

the procedure.

The admission procedure should be arranged so that a complete electro-
cardiogram .is available within 5 to 10 minutes of the patient's arrival on
the ward, and so that emergency therapy, chemical determinations, and indica-
ted immediate surgical therapy may be begun at once and completed within the
next 1 or 2 houwrs. Hemodialysis is an adjunct to a regimen of medical
! management and is used whenever indicated. The kidney should be available
for the patient upon admission. The regimen for the oliguric phase of acute
postetraumatic renal insufficiency consists of the following:

1 (1) Restriction of fluid intake (exclusive of blood, plasma, albumin)
| to equal but not to exceed measured fluid urine, vomitus, and gastrointestinal
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output. Obvious sweat losses in febrile patients are compensated for em~
pirically. The volume therapy is guided further by (a) evidence of clinical
edema or dehydration, and (b) daily weight, measured even in unconscious
patients on 2 standard ward scale by means of a rack and litter apparatus

of known tare weight.

(2) Provision of an intake of at least 400 calories (100 gm. glucose)
per day and as much more as possible. With restricted volume intake, this
necessitates the oral ‘tr parenteral use of hypertonic dextrose solutions.

The oral route is used whenever possible, but drowsiness and vomiting usuvally
terminate this.

(3) An electrocardiogram daily or oftener to detect potassium intoxica-
tion.

(%) sitting, walking, or moving around in bed es much as possible, on
the part of the patients, in an attempt to avoid the pulmonary complications
to which they are particularly susceptible.

(5) Potassium ion exchange resins used orally or per rectum where pos-
sible to control the level of plasma potassium.

(6) Testosterone propionate, along with caloric intake, which probsbly
slows the rate of tissue catabolism which in turn is the course (presumably)
of the increased NPN and potassium characteristic of this disease.

(7) sodium carbonate, celcium gluccnate, digitalis, whole blood, packed
erythrocytes, sedation, etc., used judiciously as indicated.

In the diuretic phase, repletion of fluid and electrolytes is based on
accurate measurements of the patient's losses, and replacement therapy is
designed accordingly. Whereas overtreatment may be the most likely error
during the oliguric phase, depletion states from inadequate replacement
therapy constitute the major hazard during the diuretic phase.

Clinical Investigation - Effect of Hemodislysis on Cardiovascular Dynamics.
Interpretation of the artificial-kidney circuit between radial artery and
antecubital vein shows that it mimics to a degree an arteriovenous shunt, has
been observed to increase arterial and pulse pressure, and may improve
cardiac function in uremia. A study of these mechanisms was undertaken by
measurements of cardiac output and the volume of blood in heart and lungs
(central blood volume).

In the majority of instances pulse rate, pulse pressure, and mean arterisl
pressure rose, and stroke volume fell, during dialysis. Cardiac output and
peripheral resistance varied reciprocally; the former increased significantly
in 3 patients, decreased in 2, and was unchanged in 6. In 2 patients who had
had pulmonary edema at the start of dialysis, clinical improvement was not
associated with changes in central blood volume. No correlation was evident
between hemodynsmic changes and the variations in blood chemistry caused by
1ialysis.
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The data indicate that dialysis does not create a significant arterio-
venous shunt and that the changes it elicits in cardiac output end peripheral
resistance are variable.

The Metabolic Response to Trauma and Infection in Patients with Post~
Traumatic Renal Insufficiency. A method was devised to estimate rates of
accumuiation and quantities of new metabolic nitrogen and potassium released
during protein catebolism. The increments in plasma concentration were
mltiplied by the estimated volume of total body water in the case of NPN and
by that of extracellular fluid in the case of potassium. The products
ascertained could be added algebraically to the respective external balances
as customarily determined, and the total daily production of those metabolic
products thus estimated.

The results show that the rates of production of nitrogen and potassium
are higher in patients who harbor nonviasble or infected tissue than in those
who do not. Thus:

Average Rate Of

Acute Uremia New Nitrogen Production
(1) Minor trauma 10 gm./day
(2) Trauma with retained necrotic
tissue 20 gm./day

(3) Massive necrosis, generalized
peritonitis, severe infection L40-50 gm./day

The rate of accumulation of potassium in extracellular fluid does not
correiate with the apparent rate of nitrogen production. This suggests that
acute wremia is associated with intracellular accumilation of potassium.

These calculations may serve as an estimate of losses of body tissue and
the effects thereon of treatment. They demonstrate the large metabolic dif-
ferences imposed by different degrees of wounding and infection. They measure
the rate of protein catabolism; this is in comparison with weight loss in-
dicating the rate of breakdown of body fat and of liberation of body water.

Intracellular Sodium and Potassium. The amount of potassiun removed
during dialysis into the bath is always greater than the decrement ot potas=-
sium in extracellular fluid. It follows that potassium has therefore been
removed from the cells. An attempt was made to estimate changes in cell
contents irom the changes in sodium and potassium concentrations in erythrocytes,
since it seemed that these cells might participate in this shitt oi potassium.

The analyses depend on determinations of sodium end potassium in whole
blood and plesme and estimations of cell content by reterence to the hemato-
crit. In 9 normal individualis erythrocyte concentrations ot sodium averaged
11.9 meq./L and of potassium, 9(.[ meq./L. In patients belore dialysis
erythrocyte sodium ‘'was usually increased and potassium normel; these pre-~
dialysis levels could not be correlsted with estimates of cell concentration
from external balance or previous therapy.
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Special Investigation of Blood Usage and Blood Storage

During 1952 a continuing effort wes mede to establish an efficient blood~
banking and biood-distribution program. As in previous years, most of the
blood was obtained from the Zone of the Interior; supplements were drawn in
Japan. The donor panel available In Japan was intended primarily to meet
emergency requirements in Korea, and to provide blood of types other thean
"0" for use in hospitals in Japan. It was not intended that the blood local-
1y drawn would reduce materiaslly the amount ot blood routinely obtained from
the United States. GSince blood was sent to Korea whenever requested, it was
felt advisable to survey blood-bank, blood-distribution, and blood-use policies
in Korea. The survey, tortunately, coincided with a period of considerable
enemy activity. This survey, and a study of blood receipts and issue data
for the entire year, showed that under the military situation in Korea a
more orgenized program might be tormulated. There are < points to be
attacked: providing the ireshest blood possibie, and decreasing the amount
of blood kKept in reserve by means of a more etficient distribution program.
These problems are easily overcome.

During 1952 approximately 100,000 bottles of blood were received from
the United States, and 35,000 bottles were collected in Japan. During the
same period spproximately 85,000 bottles of blood were sent to 8th Army,
30,000 to KCOMZ, and 20,000 to hospitals in Japan. It was not possible to
be certain of the number of bottles issued to Sth Army per wounded in action
because this blood was made available to a significant but unknown percentage
of Koreens who were wounded in action. Approximately 2 bottles of blood per
wounded in action were issued to 8th Army if all Karean wounded are included,
and 4.75 botiles per wounded in action if only U.S. and UN other than
Koreans are considered.

During 1952, reserve blood depots were maintained in Tokyo, Pusan, and
Seoul, and 3 advance subdepots in the &th Army area; in addition, each
hospital maintained a reserve to meet emergencies. Although there was no
actusl loss of blood through westage, the multiple reserve levels resulted
in aging of the blood in the depots. This was recognized early in 1952,
and the policy of sending the freshest blood possible to the hospitals was
enphasized. The reserve level during the survey period in 1952 was approxi-
mately 3 times the maximm used during any day. Since spproximately 3 days
elapse between the time emergency requests are sent to the ZI and blood is
received, this would appear to be the minimum level thet could be safely
paintained. However, this swrvey occwrred during a period of heavy activity.
In less active periods, the reserve level represented slmost an 8-dsy supply,
which appears to be excessive.

During the survey it wes found that approximately 20% of the wounded in
action vere transfused, receiving an average of 4.3 bottles of blood per
petient, or 0.5 bottles per wounded in action. This experience indicated a
miuch more libersal use of blood than wes reported during World War II, amd
there was some indication that the trend towerd the use of still larger
amounts of blood in the treatment of wounded is continuing.
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Wound Ballistics and Body Armor

The Medicel Service personnel of the Wound Ballistics Resesrch Team were
'based at the Far East Medical Research Unit during their visits to the Far
3:Bast Command in 1952. The investigation of body armor wes a combined effort
-of the Medical Service end the Quartermaster Corps. The resulting reports

are classifiied.

FUTURE. Work will be continued as indiceted above.

. REFERENCES. "The Bacteriologic Diagnosis of Enteric Infections," Hardy
et al., U. S. Armed Forces Med. J., 4:5k1-553, April 1953.

-"The Dysenteries in the Armed Forces," Hardy, Mason, and Martin, Am. J.
f Trop. Med. & Hyg., 1:171-1T5, January 1952,

"antibiotics in Acute Bacillary Dysentery: Observations in 1408 Cases
vith Positive Cultures," Garfinkel et al., J.A.M.A., 151:1157-1159, April k4,

1953.
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