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kd Res b Dev 

TFST 
Atcalc &orgy C o d a s i o n  1 4 .  DATE APRIOVFP 

16.pR1011171 2 I Id. I 
a e"" December 1945 F, l d . P l S C A L  PST'S .  

1.. - .- 

Ldkal and scientific observors made a study of the biologic effects of 
tbr ~t8n.k bombs dropped a t  Hiroshima and Nagasaki. 
to prrpre M illustrated monograph baaed on the report of these observers. 

It was deemed desirable 

hmmr a m W W l  IID OlJKCTIYa 

m. 
al t& 1t.d~ Bomb." 

b. M. The usual procedures required i n  producing a book have been and 
m carriad out: sorting of material, editing, rewriting, preparing 
illwtrmtlons, etc.  

0. w. Xons. 
d. othsr Ial mmatlon. None. 

u. The objective is t o  prepare a monograph entitled "hbdhal Effects 

0. & P r U m e m  . Thia contract is being ended a8 of 30 J~ure 
-uipt of t% e book w i l l  be turned a'- t o  the A t a c  hergi ~ 

f. F a .  It 16 contemlplated that the book VU be released duriag 
tbo- 



Washington National Record Center 
Office of the Army Surgeon General 
Record Group 112 
Accession #: / ) .5  7 - I ( - ( ' > < ,  C,J 



rapuircd rewinions of tresttunt. The reasons for the 
doses of short-vme radiation on severelj. burned -em w i l l  be soupht, afnng 
w i t h  posrible meads of cormteracting these effeots. 
destructicm of re3 blood calla w i l l  be strdied by radiaactlvm tracer m, 
to learn the need for a d  value of transfuaians of red-cell suspcnsiann or 
wblc blood. me effects sad value Or ACm a d  cortlsona in radiation injury 
ard the healing OB burns, the CllniCal coufoe ai burned C(YIOS, the W i t y  
due to burns aad rdiation, cud the suoceas of skin grattbg, will be hresti- 
gated. MutzitionaJ strrrlies w i l l  be caatkwd,with npeclal eqhsaia on the trace 

.ugar solutions, &!'&e prevanticm cw c m c t i o n  oi uvea- ana 
C. 3ubt~ke .  Ime. 

a. cmex xnfornafion. nolle. 

effects I& w 
Inrdiate and late 

VI- (Vi- B biotin, Ctc.), fat d i o n S ,  srd -t 
damag~. 

e. Backmound and/or Promess. Earlier, Evans reprted that dextran of 
Swadish, British, and South African origin vas the plaema expander used for 
burn shock in severely burned patients; no untoward reactions were seen during 
or after administration of these types of dextran. 
reaction folloving burn injury sQaehW reduces the anaphylactic response to 
dextran. 
burn shock in most patients, but it WE inedequate for those who required 
vhole blood. 

It appeared that the stress 

Dextran seemed to be as effective as plasma in the management of 

Extensive studies in the laboratory and in the field on caubined thermal 
and irradiation injury in dogs due to a t d c  bomb explosions indicated that 
mortality is higher where there is a combination of t h e m 1  and ionizing mdia- 
tion. The increase in mortality occurs in the sublethal dosage ranges of 
nuclear radiation. 

Flash-burn studies of 43 white medical-student volunteers have given exact 
information on the themal Intensity spectral distribution, temperature of 
skin, and exposure time (reciprocityj required to induce a deep 2nd-degree 
burn in white humans. 
duce any type of thermal pplse (intensity VS. time) within certain limits. 

tlon the mortality was 35$, 88 canpared with 75s with a 2 6  contact burn and 
1 W .  There YBE excellent correlation between blood-streem Infection a d  
mortality. 

With the "bbcmb shutter" designs it is possible to pro- 

In 84 dogs given the standard 2 6  flash burn and loOr external-body redia- 

The influence of minor amounts of external-body irradiation on other 
aspects of trauma associated with atcrnic bathing is being evaluated. 
liminary studies include a standard nmall-bowel resection in the dog tollw- 
ing lOOr radiation; later this will be increased to 2OOr. 
involve standard hemorrhagic shock pluo 100 and 200r radiation as w e l l  a6 the 
influence of 100 and 2031- external radiation on the splenectanieed dog. 

R8- 

Similar experiments 

Red-cell vollrncs with T-1824 and P p  have been caupleted on 23 s * ~ m l y  
burned patients; the available data confirm tbe need for whole blood early 
after burning inJury. 
caaplete the aeries. 

At least 25 additional pstients will be strdied to 

3 



Data obtained la t& lut 2 y n ~  m thc bscterlologlc flora of 107 burn 
pat ients  treated ridlf dtL 0l.Cqda rad chl-cctln, either systcnlcallg 
or locally, are blng 
therapy has  been efY.ctf.r 0 ~ m e n s i t i r c  strains of #treptocwci, 
C O l i f O I m B ,  end c- -lccocci. Since thre i s  s t i l l  dirii- 
cul ty ,  hoUveT, v¶th B?a&qlococci cub3 pacudoson.s, tb9 
study vi11 be carrtiBd 
necnrycin, polywxln, .rdbmStrrdo. 

da i ly  for 1 to 20 dqm tolM..- injury, to 9 severely burned patients 
and 1 normal car t re l  a t a n 4  mm t r z t  of mortality. 
f inding has been tbr .gpordL ln blood levels of nonprotein n i t r o a n  
and urea nltrvgen vltb 
Future vork w i l l  d.trrd9. 
reaction in ECPCR bum#. 

M tbm is r e ~ m  t o  believe tha t  local 

lmrl oa, citber elme or  as mixturem, ai 

It appara tb.t t b  of growth h o m e ,  100 t o  200 mg. 

"be most striking 

bnp! excretion of nltrogcn in the urine. 
t h i o  h o w  therapy does a l t e r  the stress 

One severely M purot u treated by a r t i f i c i a l  hibernation accord- 
ing t o  the t e c l m i w  d M t  rad Fgmnard. Cmbining ganglioplegic 
drugs and externa l  oold la t2d. patleat'r treatwnt caused a reduction in 
hyperthemla f a u n  lD6 t o  e?. zbs ptlent l ived 5 days and maintained a 
fairly no& SlaOaaitru#- balance. 

The use af l t 1 5 - g l y c ~  in rim Mlcatcd that the anemia in the 10-day 

Further vork will be done. 

post-burn period 1s dam 
Cells once forracd rppu to b..c a nemal l l fe  span, in both the burned dog 
and man. 
transfuse them toumt&r  

. t m o b l l i n  analysis. The large amounts of 

ta the imdequate hemoglobin synthesis. 

I t  11 F a D f i b  ts trh tbc aeply formed ce l l s  of a normal man, 
m, d follow t h e  course of the i r  degra- 3- da ion in tbc R i? hadn ud 

N1 4 -tagged cells m e  fm tbi. c r p r i a c n t  i n  adults make it desirable t o  
adapt the tectalqrr  to childrsn. 

Dr. Levensm's m, in oalhbomtim w i t h  the A w  Medical Eervice 
C r a d u a t c  School, c m t i r n r i  Vrnt an tbc determination of the most adequate 
levels  of nutri t ion reqnlmd by tbc severely bunnd patient, with emphasis 
nw OD the we cb 1- f.t ~ S I O M .  

f. Future Planm. see Dum'  drtailed report, herein. 

g. References. PrOtpNs rep3-t of investigator. 
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r- 
Project NO. 6-59-Ob04 
Contract No. MD-99 

Radiation and T h e w  BURIS 

Dr. Everett I. Evans 
Medical College Hospital 
Richmond, Virginia 

- BRIEF. This project V ~ S  designed t o  investigate, separately sad i n  
combination, the radiation, traumatic, and thermal types of 1nJuries expected 
t o  resul t  frcm atcmic explosions, and t o  develop optirmrm and practical m@tbods 
of treatment with emphasis on handling mass casualties. 

PROQIESS. 

Biophysics 

0 Research. 1. Flash-Burn Studies on Bunan Volunteers. Flash-burn 
s t u d i m  white medical-student volunteers have glven exact information 
concerning the thermal Sntensity, spectral  distribution, temperature of skin, 
and exposure time (reciprocity) required t o  Induce a deep 2nd-degree burn i n  
a t e  hmans. 
possible t o  produce atly type of thermal pulse (intensity versm time) within 
certain l imits.  

The "bcmb shutter" design6 1n th i s  laboratory have Mde it 

2. Bioetatist lcal  Analyses of Thermal 1n.lu-y In Man. The Biophysics 
Croup is cooperating effectively with the cl inical  group i n  analyzing burn 

I data-on 570 pstlents Prom t h i s  clinic.  
burn patients for s t a t i s t i c a l  analyses end their conclusions have wt been 
accepted here a s  satisfactory. It is believed that Bull's analysis in 
England is the best  60 far done; an attempt I s  being made t o  do the aam 
type of analysis on the data here, bu t  it i s  a very great task if done 
carefully. 

Other groups' c r i t e r i a  for selecting 

I Instlloaent Develoment and Desi=. During the caning year conslderabls 
I time v i l l b e  devoted t o  the developnent of a Beams typc Of Ultmcentriiryg, 

capable of resolving a molecular wight distribution as low M sucrose. 
This vi11 open up an ent i re  new fleld of Investigation i n  the lormlecular- 
weight and polypeptide ranga. It is planned t o  use thir centrifuge In con- 
junction with lon-exchange c o l m  and parer chrdastograpbic a0Sl;v.i~ of 
planma ultrafiltrate8 fran normal and burned patients. 8 ince . l t  is pl-d 
i n  particular t o  examine the unresolved nitrogen fraction collected by ion- 

ing 2 electronic counting mcchaniama for  the accurate regulation ai nitrogen 
collection i n  them colmns. 
dimensional multiple pamr chromatograph baths will be constructsd for t h i s  
work. 

exchange-colunn techniques, the BiOphy6lC8 0- 1s deSi&d- and C a s t n u ? t -  

Constent-tempratw water baths and 2- 
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Because of the interest  here in  the red-cell problem in severe burns, 
w r k  is being done t o  gfvelop and adapt the Q-gas counter and the scint i l la-  
t ian counter to ChrOD ss8.y. 

ErperlmentaJ. S u r g e q  

The primary concern has been strdies of flaah and contact-burn injury 
i n  the dog, associated v i th  or vithout external-body radiation. 
given the standard 2 6  flash burn and loOr external-body radiation the 
mortali ty MB 35$, as caqmred with 75s v i t h  a 2C$ contact burn and 100r. 
There was excellent correlation betveen blood-stream infection and mortality. 
These studies vi11 be ccmrpleted i n  the camlug year. 

In 84 dogs 

An attempt i s  being made t o  evaluate the influence of minor mounts of 
external-bcdy irradiation on other aspects of trauma associated with atomic 
bcmbing. 
t h e  dog rolloving loOr radiation; la te r  these v i l l b e  extended t o  20Or. 
Similar experiment6 a r e  i n  progrtss involving standard hemorrhagic shock 
plum 100 aod 2C0r radiation as vel1 118 the influence of 100 and 2OOr external 
radiation fn the splenectcmized dog. In a l l  these stUdie6 careful and ccm- 
p l t t e  clinical, heuntologic, and bactcriologic o h s e ~ g t i o n s  are  done OD the 
experimental a n i d .  

R e l i m l w  strdies  include a standard small-hovel resection in 

Cllnlcal Burn Investigations 

A large part  of the effort8 of the clinical  staff i s  t o  provide more 
o r  less standard bum therapy t o  burn patients BO that a l l  the c l in ica l  
studies made vi11 have a more secure scientific bssis. 

Red-Blood-Cell Volmes i n  Acute Burns. Red-cell volumes with T-1@4 
and P? have been cmpleted on 23 Beverely burned patients. 
believed t o  be mandatory that  t h i s  series be increased t o  include at  l ea s t  
25 more severely burned patients, these vi11 be studied in the c d n g  year 
t o  compl e the series.  Now being developed for these studies are the 
chraaiumfl and P p  techniques. The available data on the 23 human bums 60 f a r  
studied serve t o  confirm the investigators' concept of the need f o r  whole 
blood early a f t e r  burning 1nJux-y. 

burn patients '  red-blood cel ls  v i t h  ChrOmi~m5~ and determining their life 
span after infusion into the burn patient, according t o  the method of Finch 
and others. 
hematologic phase of anemia tha t  follows burning iqlury. 

Since it is 

Studies planned for  the cming year include tagging donors' and/or 

These observaticns are needed for be t te r  understanding of the 

Burn Wound Infection 

I n  1952 and 1 9 3  careful studies were d e  on the bacteriologic f lo ra  
of 107 burn patients treated meinly with aureanycin and chloroqcetin Used 
e i the r  systemically or  locally. These data are being analyzed, but there 
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Is s m e  reason t o  believe that local therapy has been quite effective on 
aureauycin-sensitive strains of streptococci, coliforms, and coagulase- 
negative etaphylococci. Nevertheless, the investigators, as we11 as others, 
continue to have diff icul ty  v i t h  coagulase-poaitive staphylococcr and 
pseudcmonse. 
alone or as mixtures necmycin, polymydn, and bacitracin. 

It is  hoped t o  continue this stw3y and employ locally either 

It is as yet too early t o  nuke ary statements about the effectiveness 
of the modified Colebrook dressing station i n  reducing crow-infection i n  
severe burns. 

Stress Reaction in Severe Burps 

Grovth Hormone. Nine severely burned patients and 1 normal control 
have been given grovth hormone, 100 t o  200 mg. daily, fo r  1 to 20 b y e  
folloving burning injury. There l e  reason t o  euepcct that there is M 
improvement of mortality with t h i n  therapy, but the series has been as yet  
too amall t o  warrant a definite opinion. 
been the apparent reduction in blood level6 of nonprotein nitrogen and u n a  
nitrogen with increasingly large excretion of nitrogen i n  the urine. 
that much more highly purified gruuth h o m n e  is available it la dealred t o  
t r e a t  a larger series of severely burned patients (above 50$ extent or oyer 
50 years of age) t o  learn more definitely *ether tu13 hormone therapy docs 
alter the st ress  reaction in severe burns. 
maintained with Dr. Levenson and his group on the nutri t ional aspects of 
t h i s  stuly. 

The most s t r iking finding has 

How 

Excellent cooperation ia being 

Ar t i f ic ia l  Hibernation. Most of the foreign l i k r a t u r e  on t h i s  aub- 
j ec t  has been translated. 
a r t i f i c i a l  hibernation according t o  the technique0 of Lsborit and Huegelwrd. 
The ccmbination of gangliopleglc drugs and CXterne.1 cold in the t r aaben t  of 
this patient made it possible t o  reduce hyperthermia fraa 160 to  880 F. 
The patient lived 5 days and maintained a fa i r ly  mmal blood-nitrogen-urea 
balance. The French vork, especieJ1y that of Momangcon, ie convincing 
enough t o  warrant serious trial of this procedure in the severely burned 
patient. There studies vil lbe followed carefully by dLaquatc biochemical 
determinations. 

OM severely burned patient hru been treated by 

Anemia i n  Severe Burns 

6tuly of thc anemia of thermal burns by the m e  of X15-glycim in vivo 

C e l l a  once fomed appear 
har indicated that tb anemia i n  the 1O-day post-burn period is due 
pr i sar i ly  to the inadequate hemoglobin synthesis. 
t o  have a n o m 1  life span, in both the burned dog and man. 
transfusion experbent h a  shown that it is possible t o  take the nevly 
f o m d  cells of a normal man, transfuse them into another n a m l  man, and 
fol lov the course of the i r  degradation in the N15 hemin and N 1 5  stercobilin 
analyeis. 
adult man because of the large ~moul l ta  of N15-tagged cells required, a 

An ~IS-tagged 

Since this exprjment i s  d i f f icu l t  t o  carry out in the burned 
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serious e f for t  ha6 been msde to u?ilize small smounts of blocd for hemin 
isolat ion so t ha t  the b u m e d  child cmn be used i n  t h i s  type of study. 
ging of red cells has 
the coming year the d' uptske aaE l i f e  span of tbe red c e l l  i n  the child 
vi11 be studied after oral admipirtrctim of A15-glycine and a f t e r  thermal 
1n.ju.q. After t h i s  is d e ,  the survival and disintegration of N15-tagged 
c e l l s  transfused Into normal and burned children Vi11 be investigated. 

Tag- 
ot becn s t d i e d  i n  children by the 1515 technlque;,in 

French and Belgian vork ha6 Indicated that the  porphyrin metabolism of 
the red cell C M  be s t u l l t d  by in-vitro incubation vith glycine. 
planned t o  study i n  n preliminnry m e r  the in-vitro protoporphyrin f o m -  
t ion  during g lyc ine  lncuhetion in blood frCm normal and bunied individuals. 

It i s  

Rutrition of the Purned Patient 

This project continuer t o  be carried out i n  collaboration with the A* 

The main obpct ipr  of this  wrk  continues t o  be the detenninatim 
Medical Service G r a d u a t e  9hool. 'dF.442, under the local direction of Dr. 
Levenson. 
of the most edequete level6 of n u t r i t i o n  required by the severely bwned 
pa t ien t .  Ehphanie l c  t k  cming year v l l l  be on intravenous fa t  emulsions 
i n  burn p t i e n t s  n o v  that  they are evailable. 
i s  one of t h e  most fruitful a r p c t s  of h i s  entire burn program. 

Dr. Evans believes tha t  this 

FWI'URE. In addition t.o cmtimaticn of studies as indicated above, 
the following are planned i n  ccm-ctlon with flash-burn studies: 

Investigation in 20 a college volunteers of the energy required t o  
prcduce f lash  burn6 slmllnr t o  thoce fourad in the white person. Equipment 
i s  available t o  wasure s k i n  reflectance i n  both these groups; t h i s  will be 
done so t ha t  the heat required to produce a given depth of flash burn can 
be ascertained definitely. 

If tiroe and prsornel  pdt ,  lcvefitigation of skin temperatures under 
several aspects of f lash burning, the meesurements being made a t  various 
depth6 by means of minute thelmorcslstore. 

Jnves t ip t ion  i n  bmSn6 of the relationship of the burn lesion t o  
contact clothing. 
of various fabrics ,  but learning %%ether t h i s  "contact burn" d i f fe rs  
eesent ia l ly  f rm the "flash burn." 

Interest here v l l l  be not i n  testing protective features 

E 
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The atomic bomb, as a military source of ionizing radiation, requires that 
practical  prophylactic and therapeutic ~ a s u r e s  be developed t o  minimize the 
number of casualties which may resu l t  from i t s  use. 
must be made of the beneficial features of ionizing radiation as applied to 
m i l i t a r y  medicine. 

I n  addition, maxim we 

h. URlRl W RlDJBCI AND OILJ8CTlvll 

a. 
involved i n  damage to  living t issue resulting from ionizing radiation and to  
determine the prophylaxis and treatment of radiation injury. Since ionizing 
radiation can be used as  a therapeutfc or diagnostic agent re la t ive  to  certain 
diseases which affect the body, study w i l l  be made of the advantageous applica- 
tion of these radiations. 
investigate i t s  use i n  therapy and i n  tracer and diagnostic studies. 

b. Aowroach. 

Brisf. The objective of this project is t o  stuly t h e  basic mhaniern 

Likewise, ionizing radiation will be studied t o  

(1) Biologic Effects of Radiatioq. Previous studies have establish& that 
radiation damage of t issue resu l t s  from energy changes i n  the c e l l  o r  i t s  
inmediate envircnmnt. Recent observations suggest t h a t  the mechanism involvsd 
may inclule changes in the molecular composition of nuclear and cytoplasmic 
:onstituents, modification i n  the permeability of the cellular membrane, distur- 
bance of endocrine function, interference mith enzymatic action, and formation 
3f toxic radicals such as peroxides, due to  the irradiation of water within 
:ells. Microscopically observed cellular changes a f te r  irradiation include 
>hornat in  clumping or chromosome breaks, abnormal cellular division and mitosis, 
:hanges i n  cytoplasmic granularity, abnormal staining reaetions, and gross 
:ellular changes including swelling a d  cytolysis. 
Ln temperature, oqgen tension, acidity, and alterations i n  the osmotic balance 
yf the ce l lu la r  envhonment a f fec t  the radiosensitivity of cer ta in  t issues  and 
3iologic systems. 

It has been noted tha t  changc 

It i s  planned t o  obtain more accurate information regarding3 
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(a) The basic sschaaism of radiation injury. 

(b) U m m  slngle an3 repsated doses of radiation nhioh be 
t o l e r a t d  with reasouable safety, carrelated ni th  physiologic aad c l l n b a l  
eff ec ts. 

(c) Fbsrdous doses nbieh may oame sow temporary or permanent 
damage, inclu3ing 6- casualties aod posaibly some deaths, but whiah are eooept- 
able as ailitmy risks. 

(a) Cesualtpprodming doses which should lead t o  mmnatlon f r o m  

(e) Toxicity of W e d  and ingested radioactive materia&% 

(f)  Kifscts of irrsdiatim ks mii f led other complbationa such 
as thermal rediation, w a r  n o d s ,  infectious agents, and individual md group 
sueceptlbll i ty.  

magnetic radiations of d l f f e r s n t  wave lengths and energies and from different  
corpuecular radiations of varying energies. 

contaainated areas rhenewr possible. 

(g) &tent and natura of 4 u r p  by ionising radiation from electro- 

(2) bmhvlads an3 TrestSe n t  of Rad iation. Efforts are  being intensified 
t o  identlfy e biolc& factor nt&h w i l l  prromote rscwary from radiation injury. 
It has been estab1i;hed that  anoxia pr ior - to   irradiation^ and mSintdned during- 
t he  i r radiat ion period lmresases the d v d  rata. 
compounds s w h  as para-amlnoproplophenone (PAPPI methernoglobineda is  effective 
by produck a dscrease in tissue q g e n .  ISkarrise, such compounds as $tressin, 
epinephrine, ad serotonin by rasocoustrictor action d resultant anoxia provide 
protection. 
ham been f o d  t o  increase the survival rate. 
been effective. 
animals has bsen obtained by shielding the apleen, abdomen, adrenab, extremities, 
liver, lungs, and heed. 
not been accwplishd.  

administered t o  d i f f e r e n t  sxparimsntal enimale imreaae both the surv ivd t im 
and rate. Transplantation of tdm spleen bas ~ncrsased survival. Cross- 
c i rcu la t ion  in dogs and parahiosia in rata accomplished d t e r  irradiation appear 
t o  inf lueme radiation injury favorably. 
marrow homogenates show great promise of sigtLtffcsntly increasing the a d d  
rete. 

It has been fd that 

kny 8-1 compods s w h  as cpateine, glutathione, and BAL 
Partial-bOdy-shhldhg ha8 also 

In particular, aigaificant increase in the survival r a t e  in 

A practfeal military application of these findings haa 

Post-irradiation, it has been found that antibiotics of various types 

Intraperitoneal injwtions of bone- 

It is planned to:  

(a) Determine the biologh factors rhieh promote recoverg from radia- 
t i on  i n j u q .  

(b) IderrtffJ those chemotherapsutia agents whiah n i l l  pm*t against 
or  minimize radiation i n j q .  
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( c )  Evaluate regimes of treatment best suited t o  meet mi l l tq  
requirements. 

(3)  
b n o s t l c  Studlee. Radioisotopes are now being employed t o  supplement and 
oxasional ly  replsce x-ray and radium i n  the treatlnent of oancer and allied 
diseases. 
the therapeutic vdue  and diagnostic possibi l i t ies  of different  radioisotope8 
and sources of ionizing radiation. 

Utilleation of Ionisinn Radiation in Theram an d i n l ' r m a r d  

They may be used externally or internally. Studies will ba made of 

Because of the extreme sensi t ivi ty  of detection and the M i q u o  apeclfi- 
city of radioisotopes as "tags" they are of tremeadous value in identiiying 
cer ta in  types of cel ls .  They permit the stuly of countless prwesms going on 
in the body which otherwise would be obscure. 
investigate these fundamentd pocessea and thereby assist i n  the solution of 
complex research problems. 

C. Subtasks. 

Radioisotopes w i l l  be wed to 

(1) -1 
(a) To s t d y  the value of prophylactic and chemofherapeutlc agent8 

am3 various protective measures which rill alter or Binimiss injurJr aod nortnliv 
from whole-body or partial-body hTadiatiOn. 

(b) To study the ut i l izat ion of radioisotopes in traoer and diagnostla 
procedures. 

(2) Arm W i c a l  Researoh Labora tm 

(a) 
i r radiat ion damage a t  the cellular lwel by means of various h i s toohedad  aod 
biochemical techniques. 

Effects of Ionizinn Rad iatioq. To stMy the early effeats of x- 

(b) Effect of Irradiation on  sin^ le Cell  O m  anisma. To st* Mi- 
cellular organisms i n  order t o  obtain an UnCompLioated picture of oe l l  dsmage 
and possible adaptation t o  irrediation and other streasee. 

( 3 )  University of Ckicaao - Dr. 3. Garrott Allen 

To study injuries incident t o  irradiation, the pbyeiologic and biologio 
effects  following irradiation, and t h e  development of therapeutic method8 t o  
combat irradiation injuries. 

- Lt. Colonel Bernard F. hvll 

To conduct a survey of the toxicity of f l e s h  and edible Organs Of 
animals which have received a fatal  external dose of ionizing radiation. 

(5) National Acadew of Sciellcea - Dr. Webb Hwmalrer 



To conduct a pathologic sttrlp of the central nervous system of 
i r radiated F~ROL~DS and experimental animals. 

( 6 )  Ohio Sta te  IlairersitY Research Foundation - Dr. Mlton A. Lessler 

To study the  effects  of lm-level radiation on the  nueleua, cytoplasm, 
and metabolism of nwleatfd erythrocytes. 

( 7 )  w versity of Pennwlwnia - Dr, E. P. Pendergrase 

To strdy the biologic effects of atomic irradiation in man and animals; 
and to inwet iga te  mthcds of ection of radiation on inammallen tissues, w i t h  
part icular  reference t o  protwtion from the damagbg effects  of atod.0 irrediation. 

( 8 )  Cedars of Lebanon Homital - Dr. Peter F. Salisbury 

To d e b r e b e  the effect.of croes-transfusion between normal animals 
and aniaal~ exposed t o  le tha l  doses of irradiation. 

( 9 )  !&a or UnivareiQ - Drs. V%ent P. Collins & R. Kenneth beffler 

To atudy the effects of total-and partial-body r d i a t i o n  on iron 
metabolism am3 hematopoieeis. 

(10) pav10r h i v e r s i t x  - Col. Joho A. Ishernood & Dr. Vincent P. Collins 

To deeelop ard evaluate a radioactive isotope gamma rey therapy 
w h i n e  for deep, short-rave radiation therapy. 

d .  Other Information. None. 

e. Background and/or Ro~ress .  The A m  Medical Research Laboratory found 
t h a t  pre-irradiation intraperitoneal ioJections of serotonin i n  rats reaulted 
i n  8 SUrWIVUl mb2 O f  M, &tt?X8&& v i t h  p8S8-&nOpXOpiOphe1iO~e 8rd 
sodlun nitrite, vhich produce high methemoglobin levele, Increased the survival 
rata. 
collstrictor property of t h i s  agent causing a transient tlssue 8DOXi8.  
case of the cclpolmds producing wthemglobinemia the protection app8r8 t o  
be cauaed by 8 decreased eupply of' olygcn t o  the t iEsWs which renders thein 
a n d c .  
minoproplophenone ngninst rsdiatlon seem t o  substantiate the concept of a 
relationship betveen tlssue oxygen tension and radiosensitivity. 

Th prokctirc effect of serotonin l a  assuaed t o  reeult  frm th vaao- 
In tbe 

The f iah inga  on the protective actlon of  serotonin and para- 

It vas a l so  reported that intrapcritoneal injections of whole baby r a t  
spleen hceogenates and whole baby moue hanogenates shoved 6- protection 
fram Irradiation. 

Cysteine va6 shown to influence the early ef fects  of x-rays on nucleic 
acid metabolism In  the Intestinal mucosa. 
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Ferritin given before and/or after irradiation tended to hasten death. 

In experiments with triphenyl tetrazolium chloride, investigation of 
different organa and oqygen-consumption measurements showed sane specific 
influences on enzyme activity. 
fell 1; hours after adminiatration. 

I 

The total oxygen consumption of treated mice 

I 
Experiments with glucose shoved that it has a definite beneficial action 

when given in proper amounts before and after irradiation. 

I Experiments in mice shoved that animals receiving lo$ nonlethal burns 
either irmwdiately before or inmediateljr after 720 r totsl-boEy x-irradiation 
died sooner than those receiving irradiation alone. 

Studies of early irradiation effects on the cellular level s h m d  that 
under chosen conditions x-rays produce abnormal mitotic figures in the rat 
cornea. The influence of cyatcine, glutathione, and cysteine-amine on the 
dose-effect correlation in plant and m8mLn8lian tissue is DI8nifested in a 
decrease in the number of mitotic figures when the substances are given prior 
to irradiation. 

Frm studies reported in March it W ~ S  concluded that profound changes in 
the oxi&tive and assimilatory ability of ,E. 
the sensitivity of this organism to x-irradiation. 
this organism does not f o m  succinate as an intermediate in the oxidation of 
acetate. 
in this organism 86 a major pathway for acetate oxidation. 

B are incapable of modifying 
It was concluded also that 

Neither a di- nor a tri-carboxyllc acid cycle appears to function 

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

I n  studies of the effect of irradiation on single-cell organisma an 
attempt W ~ S  made to modify the resistance of an organism to ionizing irradia- 
tion by modifying the phenotype while maintaining an essentially constant 
genome. 
irradiation-sensitive Escherichia 9 B. 
variety of media, giving rise to organisms uniformly resistant to x-irradiation 
but differing quantitatively in enzyme content. 
changes in phenotype induced by adaptation techniques did not appreciably 
alter the sensitivity of this organism to x-irradiation. 

Such investigEtions were performed at the cellulsr level using the 
This bacterium VBS grown on a 

It ME concluded that marked 

Respiration is accompanied by a partial assimilation of the substrate 
undergoing oxidation. 
tion vfille inhibiting or totally preventing anabolim of substrate. Under 
the conditions of these studies neither substrate assimilation nor .stimulation 
of oxidation appreciably influences the susceptibility of this organim to 
x-irradiation. 

The substance 2, k-dinitrophenol mey stimulate oxida- 

An assay of the enzymic phenotype oi this organism necessitated a 
cmpnrison of oxidative activities on several substrates after grovtb on a 
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number of different  media. 
absence of dinitrophenol. 
mechanism f o r  acetate oxidation vhich involves neither a di-  nor a tri- 
carbolyllc acid cycle. 

'Ihtse cmparisons vere made i n  the presence and 
Tat data obtained suggested the existence of a 

A t  the Army Hedical Service Graduate School, w, It was shown t ha t  
dogs receiving a m m y c i n  had a l m r  mortality ra te  than untreated animals. 
Prepubertal o r c h i e c t m  MI markedly protective to  mice irradiated during 
the pubertal O r  postpubertal p r iod .  The mortality ra te  followlng irradiation 
of puberally castrated mice wns restored to that of in tac t  males by the 
administration of testosterone. 
innnature mice sh-d no effect  of the hormone on irradiation mortality. 
Evidence of precocloun puberty i n  testosterone-treated mice was equivocal. 

The implantation of testosterone pel le ts  i n  

Studies on &rovth bo- shcmd it t o  have no e f fec t  on the irradiation 
mortality of postpubertal mlce. 

In  f i e l d  trials in hvnda, thin wall chambers for  a study of beta/garrrma 
dose r a t i o  on surfaces contnminated wlth fission products functioned 8ucces~- 
fu l ly .  

The re la t ive  effectlrcmss of thermal-column radiation on transplantable 
mice tumors ME determined. 

A technique f o r  prcduclng a s t a c d f d  w d  in the abdaainal w a l l  of mice 
was developed; it c m i s t s  essentially of rupturing the mund by mcms of an 
i n t r a - a b d d n a l  ballom cormcttd to a manometer. A pi lo t  ser ies  of animals 
receiving 500 r hole-bcdy x-ray (approximately q o )  immediately prior t o  
voundlng sbovtd no signlficaat difference i n  the normal healing curve from 
unirradiated controls. 

Spleen snd bone- bamgenates vere administered intravenoualy and 
intraperitoneally t o  mice before and after &ole-body irradiation. 
material vas weakly effectlrc i n  increasing survival of the irradiated mice 
if e v e n  intravenously after irrsdiation, but only spleens fran newborn mice 
gave s t r ik ing  bproreuents in r m i v a l .  
destroyed by delay i n  sdainistration of the material, fractionated doses, or  
previous irradiation of the donor mlce. 
recipient  appeared t o  be important factors. A series of irradiated splenec- 
t a n l e d  mice of varloun known ages shoved l i t t l e  difference i n  mortality from 
non-splenectaiizcd contmls, derying any large role of the unshielded spleen 
i n  the recovery of lnadiated e U d I d 6 .  

Either 

The effect could be decreased or 

The ages of both the donor and 

Allen's (MD-93) w r k  for the past 5 years on irradiation lqlury i n  dogs 
has led t o  the follovlng cor~~lusions: 1. Animals die of hemorrhage but its 
p a r t i a l  control by platelet  transfuoions does not a l t e r  the survival ra te  i n  
the  b5O r total-body exposure. 2. Ileutropnia, &ich is profound i n  these 
animala,  offers no wnnm af dlstFnguishing those animals tha t  will survive 
frao those that w i l l  die.  Ibc 450 r animel is susceptible t o  infection 
but  i t s  partial control by entibiotics docs not  offer any great prospect of 
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increasing survival rate,  although there is a s l igb t  increaae i n  survival 
t i m e .  
by frequent transfusions of freehly drawn ci t ra ted whole b l o d  &oes not 
increase survival rate or time and d a s  not lessen hemorrhagic tepdency. 
5 .  The caubination of frequent transfUslm8 of whole blood and of the 
administration of aureawcln, twice daily, enabled 3 of 20 dogs t o  survive 
450 r totai-body x-ray exposure; no controls in this laboratory have ever 
sumived th i s  exposure. 6. It i s  believed that head shielding in the dog 
offers the most effective means yet devised t o  reduce mortality, harten 
recovery, and reduce hemorrhage, infection, and anemia of this spccieo. 
Further st?adles are  being made in order t o  determine what fsctor or factor8 
are concerned i n  this phenanenon. 

tion i n  the range of 50 t o  150 r (250 KW) fo r  therapeutic Burposea on 
several patients shows again that i n  t h i s  dosage it is safe aad cl inical ly  
useful. 

4. The 450 r dog develops a moderate to marked anemia; its prevention 

i 
I 

Collins and Loeffler (MD-428) report that  the w e  of total-body irradia- 
I 

I Haymaker (MD-289) reports observations on 12 monkey brains fruo LOS 
Alamos. After receiving 1,OOO t o  3O,OW r total-body radiation, these 
animals survived for  about 33 hours t o  10 days. 
varied with the irradiation dosage and the duration of l i f e .  
the nuclei of endothelial cel la  of blood vessela of a l l  c a l i b r a  dimplayed 
morphologic evidence of damage. 
cases of relatively brief duration Included acute a r t e r i t i r ,  phlcbiti., snd 
InfLarmatory c e l l  and plaama endat ion  into the arachnoid -8her; i n  the 
animal receiving 30,oOO r the cel lular  endat ion amounted t o  scute aautro- 
phl l ic  meningitis. Endothelial c e l l  changes and acute phlebitis, etc., i n  
the CNS also were praminent, even i n  the animal which survived only hours 
(5,000 r). The choroid plexuses shared i n  the exudative process in all 
cases. 
severely. 

The neuropathologic change6 
In every case 

Conspicuoua changes in the meningca in 

Cells of the epzndymel layer suffered i n  sane cases, occasion8lly 

Granule ce l l s  of the cerebellum mre peculiarly sensitive t o  irradfation, 
and there i s  evidence that  the nuclear changc i n  sqce cell6 i s  irreversible. 
Many oligodendroglia also were affected, as manifested by the positive PPS 
nuclear reaction and other nuclear changes. 
role of oligodendroglial damage in the production of the demyelination 
associated vi th  the axis cylinder necrosis. 
hypophpis were selectively damaged t o  a remarkable degree, i f  nuclear 
pyknosis can be considered as evidence of damage, while alpha Cells i n  E a n e  
cases displayed e peculiar enlargement. 
was drained dry of i t s  secretory material as time rent on. 

A question is raised as t o  the 

&ta ce l l s  of the anterior 

The supra-optico-hypophysial systam 

Nerve ce l l s  of the CNS (excepting granule ce l l s  of the cerebellum) w r e  
largely spared, although the nuclei of Betz ce l l s  in some antaLals shoved 
evidence of selective severe damage. 
PAS-positive. 

The nuclei of eane nerve ce l l s  were 
The study of Purkinje's ce l l s  i s  not yet CCmplCte. 

Lipemia seewd t o  have Increased i n  the noup as E whole. 
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Multiple foc i  of p r l c a p l l l r , ~  leukocytic inf i l t ra t ions e r e  fouod in 
the  cerebral vhite matter of mockeys surviving j t o  5 days, and nlrmerou 
necrotized areas in the w h i t e  matter of 1 enimal which survived 5 days. 
some ways the necrotized lesions resembled those of multiple sclerosis. 

In 

Haymaker is continuing vork on hman brains exposed to  the a t a c  

Lessler (MD-C'Y3) reports that rabbit bone-marrow suspenalone x-Irradiated 

Changes in nuclear r e a c t i ~ i t y  which Mre observed in m, H e c t m ,  

bmb i n  Japan, ard on mouse, dog, and burro brains from Oak Ridge. 

with 100 r shoved higher levcls of oxygen consumption than unirra3inted 6US-  
pensions. 
and Am h i m  immedletely following 1DO r x-irrRdi8tion w r e  s t i l l  obsefrrable 

large number of irregularly shaped c e l l e ,  demagcd nuclei, and sane hemlys ls .  
Immediately following ID0 r x-irradiation the erythrocyks showed increased 
nuclear volmes w i t h  no changes ix! ce l l  volume, but after 24 and 48 hours of 
cold stornge both c e l l  and nuclear yolmmes tended t o  decrease. 

after 9t- 2 hour8 of cold storage. Irrsdlated erythrocyte suspension6 showed a 

Pendergrass (KD-101) r r p o r t e d  i n  March that  he had confirmed in Wilitar 
rats the observation of Lorenz thnt fntravenous injections of bone marrow 
after exposure to  wholc-b& x-radiation produce a significant reduction in 
mortality in mice and @ne¶ ?lgs. Studies of the mechanlsm whereby marrw 
exerts  i t s  protective e f fec t  and of the fate of the injected marrow were 
Inconclusive. 

Since it is ell b o v n  that the yrincipal defect In the cosgulation 
mechanism produced by whole-body irradiation is due t o  thromboqtopenia, and 
the bleeding tendency produced by +nole-bcdy irradiation can be corrected 
temporarily by p la te le t  transfusions, w r k  was being done t o  isolate,  
characterize, and y l f y  the f s c t d e )  in platelet8 responsible f o r  t he i r  
function i n  the coa@atioa prwem, and to  determine whether injection of 
such f ac to r ( s )  might correct the defect. Other work suggested tha t  a heat- 
stable factor  similar to ,  or  the seme as, the platelet  factor l a  present i n  
the brain. 
purify t h i s  factor. 
defect i n  thrmbocytopenic blood in  v i t ro ,  wa8 ready f o r  in.Jectlon Into 
animals m a d e  thranbocftopdc lq x-lrradiation. A l t h o w  other workers had 
reported t h a t  there are no platelets I n  chicken blood, Pendergrass et F&. 
demonstrated t h a t  p l s te lc t s  (200,000 t o  275,000/cu. m. 1 are preseEt In tire 
blood of Leghorn roo6ters. 

A major portion of the w r k  has been an attempt t o  i so la te  e n < l  
The material available, which wuld correct the clott ing 

Follow-up studies of volunteers irradiated 8 t o  10 years ago were 
continuing. 
sents a very sizable amount of material for  documenting the l a t e  changes 
produced by known doses of rad iEt iOn.  

The 2 P control d o p  vepe given 1 dose of 450 r total-body irradiation but 
w e r e  otherwise untreeted; 6 animsls survived (2& survival). 
mental se r ies  23 dog# received the same treatment a6 the controls but were 
t reated also by meme of cro8e transfusion v i t h  a n o m 1  donor dog; 

The material removed vas being stulied and reviewed; it repre- 

(HD-263) studied 1 control series and 1 experimental series.  

I n  the experl- 
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survived (57$  survival). 
cross-transfused group would seem to be statistically significant. 

The difference between the control group and the 

It is worthy of note that cross transfusion was performed by a method 
which differed fran those used earlier, in that the blood transferred betwcen 
the 2 animals was deliberately traumcrtlzed. It is postulated that the factor 
which causes protection against ionlzing radiation is confined in certain 
blood cells, which must be injured in order to permit liberation of the 
subetance into the liquid phase. 

f. 
Laboratory will continue. 

Future Plane. Work mentioned in the report of the A m  Medical Research 
Microequipnent will be developed to measure the 

effects of irradiation on the respiratory activity of mall naers of cells. 
Experiments in microsurgery will COntintW, with the goal of studying irradia- 
tion effects on single cells under varying conditions. 
tissues and normal tissues treated with Tn: vi11 be used to study the effects 
of high energy heavy particles. E. m, strain B, mutates With a definite 
frequency to an irradiation-resistant strain B/r. The ccmparative physiology 
of -these organisms will be studied 80 that the significance of this mutation 
can be described physically eunl biochemlcally. At AHSW, WRAMC, statistical 
data vi11 be gathered for m canparison of the isotopic acid and modified 
Barker methods of determining bound protein. 
strength i n  additional anlmals wounded after whole-body irradiation will be 
canpared with those for controls. Soon to be ccmpleted are observations on 
splenectcmlzed mice, and final reports on beta-gamm dose ratio,on suriaces 
contaminated with fission products and on the relative biologic effectircrass 
of 4 Mev gamna rays. When the outcane of current studies is known, Allen 
will irradiate, with and without shielding, the head-shielded dog vhich ham 
been hypophysectcmized, and Will make marrow studies similar to those described 
in his  report. An attempt will be &e to exteriorize eurgically the uteri 
of pregnant dogs, shielding only the uteri and the fetuses to determine 
whether them prenatal animals can produce a factor that Will protect the 
animal when parts of his own marrow or reticuloendothelial system are shielded. 
Collins and Loeffler will establish the effects of 25O-ICW irradiation on 
symptomatology, peripheral blood counts, and iron metabolism. Zhis #EM 
information w i l l  be obtained for 25 aad 50 r in patients With benign c d i -  
tions and normal hemntopoietic system. 
until a supervoltage unit is installed. 
h- brains thus far prepared in order to write a detailed description of 
each case for subnission to the Japanese collaborators. Sections of moue 
brains will be studied in greater deta i l  and a report submitted to the oah 
Ridge National Laboratory. Representative sections of burro and dog brains 
vi11 continue to be prepared, and a systematic study of them begun soon. 
Lessler will make oxygen-consuuptlon studies of rabbit bone-marrow swpensiom 
subjected to x-irradiation below 100 r. Investigations of adequate techniques 
for metabolic studies of amphibian erythrocytes will be pursued further. An 
apparatus will be constructed and calibrated so that cell suspnsim canba 
exposed to graded levels of beta radiation. e and Amphim erythrocytes 
will be exposed to levels of radiation below 100 r and subjected to further 
cytochemical ana cytophyslologic studies. 
spectrophotcmcter will be extended into the ultraviolet. 

Naturally colored 

Data on time vs. tensile 

Studies already hem Will continua 
H e o r  vill study the mctions of 

The range of the microscope- 
Salisbury's 
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experiments are designed to find the ce l l  type which l a  the car r ie r  of the 
protective substance he describes. 
attempt vi11 be made t o  characterize i t  by dialysis, dif ferent ia l  centri- 
fnmtion,  e tc .  
preceding aerie8 h finnl report vi11 be prepared. 

If such a substance is obtained m 

After detailed exmination oP the pathologic material of the 

g .  References. AW Medical %search Laboratory. "Further Investigations 
i n t o  the Mndificatlon of Redlation Sensltivity Afforded by Cobalt," AMRL 
Report. No. 114, 10 k ~ l l  1953. 

"Studies of X-Ray Irduce3 Hitotic Aberrations," 2. 9. a. s., - 25.186, 1953. 

"Study of the X - I r d l a t l o n  Protaction Afforded by Cobalt," Science, 
=:155-156, Fcb. 1953. 
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Project No. 6-53-02-14 NOT FOR PUBLICATION 
Report Date 30 June 1953 

Effects of Irradiation 

A r q  Medical Research Labmetory 
Fort Knox, Kentucky 

JEfects of Ioniz- Radiation 

BRIEF. 
d a m a g z t h e  cellular level by various histochemical and vital-staining 
techniques, a d  t o  correlate these resul ts  with findings on t o t a l - b w  irradia- 
t ion.  

The aim of this work is  t o  s t d y  the 1st effects of x-irradiation 

PRCQXSS. Stuiies of the protective effect of c0beJ.t (Ca& + &I2, 
F i s h e i i i f i c  C q a n y )  were continued. 
mice and rats i d i c u t e d  that the early s t i m l a t h g  effect  of cobalt on the 
hematopoietic system may be more important than the cobalt-induced polycythemia, 
which builds t~ only af te r  cobalt is  administered fm several weelcs. 
fiaaings are supported by studies of Jpbson d his group, who report 
similar  resul ts  in e w e r a n t s  with P 
kept in mind, however, that interference k i th  cellular resgiration and enzymatic 
activity may a lso  contribtte t o  the beneficial action of cobalt. 

effect  corre?ation in p ? m t  t issue (onion root ce l l s )  and d i m  tissue 
( r a t  cornea) is manifested in a decrease in the nwfber of mitotic figures 
when the substances are  given prior t o  irradiation. Curves for the exact 
correlation have been established. 

Special feeding eqeriments with 

These 

It should be -radiation and cobalt. 

The influence of cysteine, eutathione, a d  cysteine-amlne on the dose- 

E a r l y  effects on the ,nucleic acid metabolism in Nalker Carcinoma and 
M u r p h y  lympllosarcoma were studied in connection with changes of mitotic 
act ivi ty  after x- i r rdiat ion.  
basis for studyin& the effects observe5 by V. Hevesy, i n  which m d i a t i o n  
of the tumor on 1 side of an animal influenced the shielded tmm implanted 
on the other side. 

The correlations found so far w i l l  serve as n 

EUU effects of micro-irradiation on s w e  ce l l s  (sbrfalrage and mellh?, 
follwed by hemolysis) vere stmiid in @hima blood ce l l s  d in ascites 
tmar cel ls .  

Staining techniques were further applied in  the studies of delayed lr- 
r d i a t i o n  effects ~JI single ce l l s  d ce l l  p~oups after irradiation with sof t  
x-ray0. 

strains of animala receiving 0.25 and 0.5 r daily. 
Laag-pericd, lm-intensity eqeriments were continued with difYerent 
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FVIVRE. A l l  wark mentioned above w i l l  be continued. lficroequipmnt 
w i l l  be developed for measuring the effects of irradiation on the respiratory 
act ivi ty  of s d  numbers of cells.  
surgery w i l l  be continued, with the goal of stwlying irradiation effects on 
single cel ls  under varying conditions. N a t u r a l l y  colored tissues (purple 
onfon) and ncuzal tissues treated w i t h  Tiy: w i l l  be used for studying the 
effects of high e n e r a  hemf particles (19 mev-deuterons Of the Berkeley 
cyclotron). 

S e n s i h i t y  Afiorde3 bj Cobslt," N.RL Report No. 114, 10 April 1953. 

- 
!lore detailed experbents in micro- 

-ET. "Further Investigations into the Iilodification of Radiation 

"S td ie s  of X-Ray Induced biitotic Aberrations," 2. Tern. Acad.. E., - 28:1%, 1953. 

"Study of the X-Irradiation Frotection Afforded by Cobalt," Science 
-1 x:155-156, Feb. 1953. 

Effcct of I r r d i a t i m  on Single-Cell Organisms 

BnIEF. The purpose of th i s  subt-&k is t o  stud;r in  single-cell organisms 
the m x i s m  of c e l l  damnee cawed by various types of irradiation, in order 
t o  develop uew of protection from lrrsdiation damage. 

PRCXXESS. I n  order further t o  elucidate the relationship between the 
gross-na of irradiation i n j u q r  and the corresponding pbysiologic s ta tes ,  
a study of the dark phase of photoreactivation w a s  undertaken. When a sample 

Of Of 2537 fresY. lt is observea %let the zbi l i ty  Of such a sanrple t o  be photo- 
reactivated diminishes logarithmically as a function of t i m e .  
of the interval of photoreactivability a t  room temperature is reported t o  be 
from 2.5 t o  3.0 hours, en interval which corresponds t o  the lag phase of 
irradiated cel ls .  A t  the en3 of the laG phase logat5thmic c e l l  division 
begins. 
that c e l l  division predicates loss in photoreactivability. 
from the present s t w  indicate that irradiatd ce l l s  with negligible 
endogenous mtabolism epe capable of photoreactivation for  as long as 9 hours 
af ter  ultraviolet  i r rad ia t im,  while the la& period of such ce l l s  extends far 
0-7 5 hours. 

harvested 3. gs i s  exposed t o  ultraviolet  light ~n the vicini ty  

The duration 

On the basis of these concomitant phenanena it has been s q g e s t d  
Data obtain& 

There is evidence, therefore, that the loss in photoreactivabtllty a i c h  
is associated with the dark phase of photoreactivation is not C a U E d i y  r e h t e d  
t o  the process of c e l l  division. 

mrmME. Escherichia coli, st rain B, mutates with a definite frequency 
t o  an-iation-resistant s t ra in  B / r .  The difference in resistance between 
these organisms has been studied ordy from a phenmenologic s t d p o h t ,  with- 
out reference t o  influences in biochemical mechanisms. The canparative 
physiology of these organism w i l l  be studied in m e r  t o  describe in phYsical 
4 biochemical terms the significence of the mtnt ion  fTm X-irradiaticXr 
sensi t ivi ty  t o  x-irradiation resistance * 
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Project No. 6-59-0&14 NOT FOR FWBLICATION 
Report Date 30 June 1953 

Ionization Effects 

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

B. The aims of this work are (1) to study the value of prophylactic 
and chemotherapeutic agents and various protective measures which will alter 
or minimize inJury and mortality frm whole- or partial-body irradiation; 
and (2) to study the utilization of radioisotopes in tracer and diagnostic 
procedures. - 

Zi3logic a d  Medical Aswcts of Ioniziw Radiation. 
pROmsS. 4 The current technique fo r  determining bound prxin is 

involved, difficult, and time-consining. 
radioactive isotope 1131 to determine total blood serum iodine a d  protein 
bound iodine accuretely and simply. This procedure is ready for the pilot 
stuay. 

Theoreticaily it i6 possible with 

A technique for producing a standard wound in the abdominal wall of mice 
has been developed, and the method of Kobalc and associates has been used to 
determine the tensile strength of the vound at various times after wounding. 
This method consists essentially of rupturing the wound by means of an intra- 
abdminal balloon connected to a manmeter. The tensile strength versus time 
c w e  has been determined in a pilot series of animals; variation frm animal 
to animal I s  disturbingly great. 
inaccuracy in reading the rupture pressure; to correct this a kymograph is 
being obtained so that rupture pressures may be recorded. 
animals receiving 5OOr whole-body x-ray (e.pproximately LD20) imediately prior 
to wounding show no significant difference in the normal healing curve frm 
unirradiated controls. 

Some of this variation may be due to 

A pilot series of 

Beta-Gm Dose Ratio on Surfaces Contaminated with Fission Products. 
During the period March - May this experiment was cmpleted in the field. 
preliminary report MS cmpleted and published. The final report w i l l  be 
submitted in August 1953. 

A 

Treatment of 1rradia.tion Sickness with Spleen Homogenate and Bone Marrow. 
Evidence accumulated here and in other laboratories indicates that unirradiated 
spleens of 5- to 6-week-old mice are much less effective In prcmotine, recovery 
from radiation inJury than spleens of younger mice. 
spleen is given as an homogenate or  a transplant or  is the animal's own 
shielded spleen. This observation, in conjunction with the known maximum 
radiosensitivity of mice aged 30-45 days, led to investigation of the importance 
of the unshielded spleen in survival after whole-body x-irradiation. 

This is true whether the 
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Litter-mate mice of lmwn agc vere 6ub:ected t o  splenectomy, shea 
operation, or  no surgery. 
group receiving 55Or vhole-b&y x-ray, and an unirradiated control group. 
In  Experiments I h I1 l rndls t im w s  performed 1 reek af te r  operation; mice 
of Exper iment  I vere 5 m b s  old at t he  time of irradiation. and mice of Experi- 
ment I1 were 2 vccks. 
m e d i a t e l y  Uter opcrntioa, ages being 5 and 2 weeks, respectively. 
day survival vlu~ obsemd.  
observatlone are  continuing; lZ& rclce have been studied. 

very l i t t l e  par t  i n  the recwery of the totally irradiated mouse (circa  LD50) 
as evidenced by lack of sl@flcmt difference i n  survival between splenec- 
tomized and non-splenectdzed animals. Tnis appears t o  be true at  both ages 
investigated. 
I s  confimed. 

Each of these groups was further divided into a 

In E g r i w n t s  111 and I V  irradiation was performed 
Thirty- 

All planned irrediatlons have been canpleted but 

preliminary results icdlcstc that  the normal unshielded spleen plays 

The lesecr rabiosensltivity of young mice previously observed 

Relative Biolo@c Effecti~caes6 of 4 Hev Camas Rays. Additional groups 
of mice %-ere exposed t o  conventional x-ray in  order t o  obtain a base-line 
response for caupnrlson purposes. 

Sta t i s t i ca l  da ta ,v i l l  be gathered for  a comparison of the 
i s o t o p i c i d  ard modified Barker methods of determining bound protein. 
versus tensile strength In a larvr series of animals wounded after vhole- 
body i r rad ia t ion  vi11 be ccmparcd vith data for simultaneous controls. The 
f i n a l  report on beta-gmma dose ra t io  on surfaces contaminated vlth f i ss ion  
products vi11 be canpleted. 
ccmpleted. 
gamma rays w i l l  be finished in October. 

F'ZPNRE. 
Time 

abservations on the splenectomized mice w i l l  be 
Tbe f inal  report m the relative biologic effectiveness of 4 Mev 

. 
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Project NO. 6-59-08-14 
CEnt raCt  RO. w-93 

mIPZ. The of thFs m k  is to  study hjuries ipcidant t o  IrruUa- 
tion,thc?bysiolngic a d  biologic effects follculng such irradiaticm, azxl the 
development of therapeutic methods t o  ccmbat irredlation IuJurim. 

follawfng ccacluslona with reference to  s t d i e s  m irrablation Wury in tb 
dog: 

FROWESS. Work in this laboratmy between 1948 ard 1953 I& t o  the 

1. AnlnuiIs die of -ha@ but its partid control by pltbtelst ta-8~- 
fusion6 does not alter the survival rate in the 4.50 r total-baly slgasure. 

2. Beutrcrpaaia, vhich is proformd In these MW, offers no a?nm of 
dlstinguiehfng thcae mimale that vill survive f rom thoae that VU die. 

3. The 450 r a u l ~ ~ ~ d  IE susceptible to t r iect im but its partial control 
by antibiotics does not offar any great prospect of iacrearshg survim.l rate, 
&though there is a slight increase in auppival t-. 

Ibc 450 r dog develope a -ate to -ked plania. It. prevantim 4. 
by frequent tranaf'uslcms of freshly &ram citrated wlmle bled doe8 not 
increase survived rate op t ime atd dour not lessen heam~bgic  tgbsncy. 

adminlstraticm of aureaDycin, tvice daily, enabled 3 of 20 dog. to srai+a 
450 r total-body x-ray exposure. Bo caatrola in tbi. -atcry bnve mer 
smived this elpJasure. 

rate of the 450 r dog frca 
the white blool count rud in the platelet C a M t  fm the  ,Ist 2 
ifiadlation a m 6  to  be aa Rroouneed 89 ia the UnWOtected control. BOCOTPy 
ai the Leukocyte platelet counts is cawlate4 betwm the 21.t to 25th pt- 
irradiaticm day. This is in ccmtraat t o  the exRerienCe wi th  3 &g8 vhioh 
sucvivsd 450 r irrsdiaticm aad which vere given frequrpt blood trauehaiolr 
ami dam aur-in (see paragraph 5 ) .  ~n theme 3 snimiln c-hte rSe0rar.v 
oi the m i t e  c m t  and platelet c m t s  did not occur unta after 42 m. 
It is believed, therefore, that head shield- in thc d q  offel% Ute m8t 
effective l~es~s yet devised t o  reduce mrtdity, t o  haaten recur-, am3 to 
rduce W h a g e ,  iafcctian, awl anemia OZ this apecitu. 55.8 p- 
v i l l  be studied fmther beCBUBe a t  present it offers the OnlJ c b n w l  y& 
apparent fran wbich f rui t ful  results BW be urpectsd. 

5. me cuaibination of ftepuent transftxslaw of whole blood am3 of the 
b 

6. Shielding ai the head by meam of ltsd markadly reduces fhe mrtsilltq 
t o  2% or has. H c * c r t b a L ~ ,  the drap in 

aftar 

f 

8 
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Severa l  experiments are d e r  VQJ t o  determine what fact= or factms 
are concerned i n  the improvemat achieved with shielding of the head in the 
450 r dog. 

whether the protective mechanism is the shielded nmrrow within the BU rn 
801pe other ra&mliarn. 
previaus stdies done m partial shielding of the head by Shouse, Warren, 
and Whipple in 1931 srd m e  recently the work cm spleen shielding by 
Jacobson et. al. (University of Chicago). C u r r e n t  studies of the marrow of 
the skuU-'narrlbs in the shielded ami mshielded cmt ro l s  following 450 r 
inclde biopsies of the skuJ.l ani. of the ribs made before and at fntervals 
following total-bcdy eqosure. 

whether t h i s  procedure, vbich has proved so beneficial in sweral other 
species (Jacobson 2 s.), i6 also beneficial in the dog. 
o b s w a t i o a s  On the bme m G T  af the skull and r ibs  in a maZmer SimLLar to 
that of the head-shieJded dog. 

1. The Ut such erperimmt is deslgued t o  determine with certainty 

Suggesting the reasonableness of t h i s  possibility are 

2. !lbe shielding of the spleen in dogs is being s t d i e d  t o  determine 

This stdy incluies 

3. Shielding of the pelvic bares af the dogs that are exposed t o  450 r 
is being m e p e a  t o  determine vhetber this w i l l  give protection sllllFlar t o  
that obtained with s!mu shielding. We, female, and castrated SnimaLa are 
bein8 used. 

nmRF. When the results of the studies l i s ted  d e r  1, 2, and 3 we - 
known, the head-shielded dog vhich h€t8 been hypoplulsectcd.zed w l l l .  be 
irradiated with d without shieldding, and marrow s t d i e s  made similar t o  
those U t e d  under 1, 2, and 3.  

pending the outc~le of the 4 studies described above, an attempt will 
be made t o  exteriorize surgicd& the uter i  of pregnant dogs, shielding only 
the uteri d the fetuaes to detennine vhether these prenatal animals can 
produce the factor or a similar factor that wFU protect the animal when 
par t s  of his wn -ow or reticuloendothelial system are shielded. This 
~hould give a clear cmcept of the likelih003 that a diffusible substance is  
produced in the fetus that VU enabie the edothe l la l  sptem of the mother 
t o  recover at 450 r .  

Several. further avenues of e.x#lmatica are obvious, but the selection fX 
which t o  pmsue cannut be d e  u n t i l  the cutcape of c w e n t  stdies is 
determined. 
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NUJ! F(R PUBLICATICW 
Report Date 30 June 1953 

I Effect of Radiation on Iron Mdabolism 4 Hematopoiesis 

DrE.  VinCent P. C O U h  anl 

Baylor University 
R. Kenneth LOeffler 

Hous ton ,  Texas 

ERIZF. The purpose of this work is t o  s tuiy the effects of t o m -  md - 
m i d - b c d y  radiation on iron metabolism md heumtopoiesis. 

report in issue of Septarber 1952) these iwestigators administered s ingle  
doses cb t o t a b b e  radiaticm of ~rp t o  200 r with 2-M.T radiation. Since a 
2-WP unit  is nut yet available, wcek is proceedbg w i t h  250-Kyp radlatirnr. 
Dwing t h i s  Ist quarter it w m  necessary t o  re-establish the safety a d  
u~efulnc~s Of totaLbcdy radiation of thFa enere, begimkrg at the level of 
50 r ud increasing it exadurlly t o  150 r single exposure. 

The w e  af total-bdy Frraddtrtion in the rings of 50 t o  150 r (250 KVP) 
fix therapeutic purposes on 4 pat iur ts  (nw.liwt n e o p h s m ,  crrcinaaa type - 
possible r e t i c u l w  cell sarccmr; multiple wel~mrj chronic lylsphtic lcukcmir; 
ud WW) EhWed rg.in thrt in this Qsrgc it is both SsPe a d  C l i n i w  
useful. 

pRoQ(Ess. In earlier stdie6 d e r  another contract (MD-302, final 

i 

Iron turnmu? tracer strdies have been res- on patients with a variety 
of blood dyscrasLas d w i t h  normal hematopoiesis t o  determine the variatiom 
that a t  be encountered ud t o  cstabli6h the validity of this method of 
rrttdy$ag bcmemow activity. 

tiru,theprimvv concern na? is t o  establish the  effects of 250-IcIp Frradia- 
tlor upca syqtcmatology, peripheral b l d  C o u n t s ,  anl iron metabolism. 
atrdiea r l r e d y  bew w i l l  contiauC un t i l  the supwol tage  unit is installed. 
It 18 r l s o  p h d  t o  establish the effect Of 2.5 a d  50 r 
peripheral blocd counts, ud ban mctabolism of patieata with benim condi- 
tiaae d xmul he4nrtopoietic EySteaIE. Muunhilc, mu that the therapeutic 
dfect1v-s cb total-bcdy radiation in the 100 t o  150 r range hra been 
est.bllahed, it is expected that mrny w e  paticats w i l l  be treated w i t h  
this technique tha hrve been in the past. It is also expected that this 
dosmge lviy be raised t o  hieer levels in patients requiring therapy of this 
typo ud v b n e  gueral conditian ud haaatopoietic systenis s e a  likely t o  
t a b n t a  such d 0 e . g ~ ~ .  

FWWtE. Sjnce a supervoltage unit will not be available for an irdefinite 

The 

the symptmmtdogy, 
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~ o j t c t  no. 6-59-0a14 
Contract No. MD-289 

NOT FCR PUBLICATIOIi 
Report Date 30 June 1953 

Pathologic S t d y  of Central Nervous System 

D r .  Webb Heymalrer 
American Registry of Patholow 
7th ard frdepehnte Avenue, S. W. 
Washingtm, D. C. 

BRIEF. The purpose is t o  c d u c t  a pathologic sttdy of the central  
nezvous-stem af jn-adiated hmum and aninraLs. 

PFioWEsS. Mcllnhey Bracna fran Las  Alamos. After receiving 1,000 t o  
3 0 . m  r total-bo3.Y radiation (data m source and speed not available), these 
2.- stoviveh fran about.3 l/2 hours t o  Lo de;rs. 

The neuropathologic changes varied w i t h  the Irradlaticu dotrage Bod the 
dura t im  of llfe. 
vessels of all calibers displayed m h o l o g l c  evidence of damage. Cwpicu-  
OUB changes in the meninges in cases of relatively brief duratim h C l U d e d  
acute arteritis, phlebitis 
the arachuoid =shes; i n  the wim9.l receiving 30,000 r the cel lular  eltudstiaa 
amounted t o  acute n e u t r o p u i c  meningitis. Rxlothelial c e l l  changes a d  acute 
phlebi t is ,  etc., in the CIS were also prominent, even in the animal which sup- 
vived - 3 1./2 hcurs (5,000 1). The c h ~ r o ~ d  plexuses shared in the exudative 
procees in aU cases. 
occasionayy severely. 

In  every case the nuclei a f  endothelial cel la  of blocd 

and inflmumtony c e l l  and plasma exulstion i n t o  

C e l l s  of the c ~ e n d y m a l  mer suffered in scab? cases, 

Granule ce l l s  of the cerebellm were peculiarly sensit ive t o  the Irrad5.8- 
tim, and evidence ha8 been obtained that the nuclear Chan@? in 8- Cells I s  
i r revers ible .  Many oligcdendroglia were also affected, a8 manifested by the 
posi t ive PAS nuclear reaction SOa other nuclear changes. 
mrnbers of oliguie&oglia had disappeared f rm the internal capsule. The 
presence oi tm a n t  f a i r4  hrge (nuuzroscopic) perivascular foci of ne- 
crotized white matter (with neutrophil i n f i l t r a t im)  in  c u e s  of 1-S' dura- 
tion raiees a questicn aa to the role of oligoderdcoglial dams& in the 
p r d u c t i m  of the dewelination aasoclated with the axis cy- LWXOEIS. 
Beta cellr, of the anterim hypophysis were selectively damaged t o  a remarkable 
d e s e e ,  if nuclear pyhceis can be coplsidered 
alpha c& in s m e  cases displayed a peculiar enlargement. The s w r a - q t i e -  
hypophysFal Bysten y88 drained drj of ita sec re t cq  material BB tMe w e n t  a. 

largely spared, th& the nuclei of Bete cella in s a w  animals diapbed 
evidence of selective severe dmmge. The nuclei of some nerve ce l l s  were 
PAS-positive. 

In 1 case large 

evFdence a f  demage, w h i l e  

Nerve c e y S  oi the CAS (except- greaule ce l l s  of the cerebellum) w e  

Purkinje's ce l l s  have not yet been entirely studied. 

Lipemia 8- to hwe increased in the gtolp, as a whole. 

Included in the st- of the Loa Alanux mster ia l  were the brains of '2 
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monkeys subjected t o  head Frradiation about 1 year previausly. W the tech- 
nical  work has been conpleted. 

Especlal care has been taken in these 2 studies (i.e., acute and chronic) 
so that leads and technical base l ines may be obtained and short cuts devised 
far the stlay of the material fran other series. 

Multiple foci of pericapFuary leukocytic infiltrations were fd in 
the cerebral white mtter of mx&eys surviving 3 t o  5 days, and nmerou8 
necrotized areas were found in the white matter of 1 animal which survived 
5 r&m. In such fcci, which resembled plaques, the axis cylinders had disap- 
peared but the w e l i n  sheaths were intact though damaged. Moreover, astrocytes 
w e r e  proliferating w i t h i n  and near the phques. Thua , in 8411: ways the 
necrotized lesions bore a resemblance t o  thme of multiple sclerosis. 

A-B Exposed Hwdan Brains f r a a  Japan. Sect ims fran 14 of the 50 cases 
vere sent t o  the b J apanese collrrborators on 16 January 1953, 4 seta being 
retained here. Since that 
time the sectioning of 12 more case8 ha6 been ccmpleted; frau then, 2,390 
sections were cut and stained. 
the stdy on these brains has been canpleted. 

The t o t a l  number of slides coplcern~ w88 7,157. 

It is estimated that  the processing of 6% of 

H m c l r e d  Mouse Brains WaktRidee. A preliminary examination of the 
brains of 41 exDerimental s with 5 controls). frau which 440 slides 
vere cut an]. s&ined by cresyl vioiet ,  Mictated &t 5 had nenlngitis and 
choroid plexi t is ,  1 multiple vascular t h r o m b i  with parenchymal necrosis, 7 
recent petechial hemorrha@s , 8 leukemic inl ' i l tratim, 1 chrcmophobe 
den- of the pituitary gla-1~3. Capillaries of the thdamus were calcified 
ia 10 experimental animals and in 1 control animal. On the basis of these 
observations it l e  considered worth while t o  continue the investigatim of 
these brains. It has been decided not t o  investigate the viscera of these 
mice. 

, 

Seven Dog Brains frau Oak R i a n e .  Celloidin and paraffin sections (2 sets 
each) have been canpleted on the brains of 4 dogs, totaling 377 slides. 
majarity have been stained by cresyl violet and H & E. The sections have not 
yet been studied. 

The 

Twenty Burro Brains frm Oak Ridge, Tennessee. These have been embedded 
but cutting has not been started. 

FVJTRE. E- BraFna. It is plaMed t o  s tdy  the aecticms of the brains 
whichhavethus far been prepared, w i t h  a view t o  writing a detailea descrip- 
t ion  in errch case aad suhltting a repa% t o  the 6 Japanese collaborators 
far t h e w  consideration. A Joint report with the Japaaese u l t h a t e l y  w i l l  be 
written. Moue Brains. 
in greater detai l ,  prepare photogapha and a report, an]. submit this 

planned t o  continue the preparation of representative sections uf these 
brains a d  t o  begin a systematic stlay of than at the ear l ies t  ~ p p r l r t d t y .  

It is planrid t o  stUay the sectlw of mouse brains 

I repart t o  the Oak Ridge Nationd L8boratoI-y. Bwrro 8nd Dog Brains. It is 
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Project Bo. 6-5P.OB14 
Contract No. MD-293 

N d  FCR PUBLICATI(m 
RePC& Date 30 J m e  1 9 3  

Effects of Icnizing Radiation on Eryt hrocytes 

D r  . Milton Lessler 
Ohio State University 
COlwrklUs ,  ohlo 

BRIEF. The purpc6e of this work 16 t o  stuljr the effects of lm-level - 
radiation on the nucleus, cytoplasm, sod metabolism of nucleated erythrocytes. 

PRCGRESS. Metabolic Stuiies. Respiration measurements of red blood 
c e N s n w  vere carried att in a cold-blooded Ringer's solution buffered 
w i t h  NaECO and gassed with lK$ oxygen. No satisfactory measurements of 
oqygen codunrptim were obtained with this  procedure. The problem of a 
be t t e r  nutrient medim fur nucleated red-blocla-cell oxygen-carsumption 
measurements is l.nYler st*. 

on both teased b i t s  of marrw and msrrclw suspensions in Krebs-Ringer phcsphate 
glucose medim. 
both preparations. Marrow suspensioas x-irradiated with 100 r s h m d  a 
higher leve l  of mygm casvmpticn than c w a r a b l e  unirradiated suspensions. 

Oqgen-consmption 1as5urements pf rabbit bone -w %ere carried out 

The ow-gen consvnption level w a s  approxbately the s a e  with 

Cytcchemlcnl Studies. R y t h r a y t e s  of R a m  catesbeiana subjected t o  a 
ser ies  of ald ehyde-ccnrplhg reactions f o l l w z y  the Feulgen reaction were 
stuiied by means of a microscope-spectrophotrphotaneter. Marked changes in  nuC- 
l e a r  react ivi ty  vere fwnd fa l lw ing  100 r x-irradiation. S l m l l m  stul ies  
C a r r i e 3  out w i t h  Ilccturus cnd Anphirrma erythrocytes shoved that changes in 
aldehyde-coupling reactivity of nuclei could be demonstrated imDediately 
following 100 r x-irradiation .mi were s t i l l  observable efter 24 hours of 
cold storage. 

3 species roentioned above) shoved a large number of irregularljr shaped cel ls .  
Nuclei i n  damaged cells tended t o  rcrrnd up. 
f l u i d  of the irradiated samples s h w d  that some hemolysis had occurred 
during the i r rad ia t im.  A f t e r  vashing and 24-hour cold starage, s a  
hemolysis was s t i l l  evident. no further hemolysis WBB observed in samples 
stored 48 hours. Tne rmirradiated emtrols  shoved neither imeguhr ly  shaped 
c e l l s  nor hemlysls. 

cytologic s t d i e s  of 1oc) r x-irradiated nucleated erythrocytes (of the 

Examination of the supernatant 

Cel l  and nuclear velum s t d i e s  vere carried out on irradiated aad UnFr- 
radiated erythrocytes vhich vere apparently normal cytologically. Necturus 
aril Amphiuma erythrocytes shoved a slight increase in nuclear volume im- 
mediately folloving 1M) r x-irradiation, with l i t t l e  change in C e l l  VOlUme. 
Irradiated erytbrccytes stored far 24 and 48 hours in the cold shared 
decreases in both nuclear and cell v o l w  aa ccmperd t o  unirradiated Con-  
t r o b  . 
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FVPURE. O&vygen-coaslmrption studies of rabbit bone-marrcw suspensions 
s u b d e m o  x-irradiation be lm 100 r w i l l  be carried out. 
vestigations of adequate techniques for metabolic s t d i e s  of amphibia 
erythrocytes will be pursued. 

constructed and then calibrated w i t h  3 plaques 80 that c e l l  suspensions 
c a  be exposed t o  graded levels of beta radiation. 

Further in- 

An apparatus for exposing c e l l  8 ensions t o  beta radiation8 w i l l  be 

Rana and Amphiuma erythrocytes w i l l  be exposed t o  levels of radiation 
b e l o w m  r and subjected t o  further cytwhemical and CytophySiOlOgiC 
s t d i e s .  

The microscope-spectrcphotometer w i l l  be rebui l t  t o  incorporate the 
Beck reflecting dcroscope, which w i l l  extend the range of the instrMlent 
into the ultraviolet .  
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Project 110. 6-59-03-14 
Contract No. 1.D-263 

WUi' FCB PUBLICATIC3 
Reporl; Date 30 June 1%3 

4Xk%bsis of M i r e c t  Effect of Radiation 

Dr. Peter F. Selisbury 
C b  of Lebanon Hospital 
Los Aageles, Cdifarnia 

BRIEF. The 8 h  of this S t l l j S  is  t o  determine the effect  of cross trans- 
f n s i o n i i c c n  n m m l  - d eninals exposed t o  le tha l  doses of radiation. 

u h i c h h n v e e n  obsemsd msy Occw 85 a result of a change of the intestiod. 
f l m a  of the i r rdl ia ted d o g .  Nost of the deaths in dogs irradiated with 
450 r are  due t o  infecticns vhich s ta r t  QS the result  of invasion of the blood 
stream by intest inal  bacteria. n e  pathogenicity of the intest inal  f l m n  may 
change for unelplained resons, especinliy when heterogeneous populations of 
dogs are  used d Vhm smh do= are obtained fran city p0md.s. 
e f fo r t s  t o  starr larhize d o p  BS t o  size, immunity, sex, age, and period of 
observation, the result* prduzt  i s  stFU heterogeneous na t o  general 
c iwac te r i s t i c s ,  lntestlne.l flora, an3 possibly other factars. 

PRO3tES. C r m t r o l  Std ie s .  It i s  f e l t  that the chages in the le tha l  dose 

Despite 

Eqxr imcn ta l  S t d i e s .  DOG were selected, prepared, irrdiatxl ,  and 
t reated 08 described in  8 prcviorts rqort, and in  e manner identical w i t h  the 
control do-. W i t h i n  3 hours dter the end of irradiation they were cross 
transfused fran heal* d e  dmors according t o  the technique used ear l ier ,  
but with thc follwing s l m i c a n t  difference. The d o g  received Bmounts of 
b l d  fran the dmcp c o a s ~ s p d i n g  t o  1/8 the b d y  weight of the experimental 
aninal. During the tramfer of half of this  predetermined volume the intake 
opening of the CrO66-transfusim machine w a s  occluded with a c l n n ~ ~  whenever 
16 CC. had flmn thr- it, 50  hat the ccmtinued sucking action of the pump 

chembu by the cem-briven directional valves providd a degree of injury t o  
sane of the farm& e lennts  of the blood. Ten of 23 Frradiatcd and cross- 
transfused animals died ( m d h d i b j  rate 4$). Furthermore, it w a s  very clear 
that the picture OT q e  dead crosfi-transfused enimals at necropsy was different 
fran that ai the cmtrole. A s  ccnpared with the controls, there wa6 a cm- 
spicuous r e d w t i m  of hcrmorrhagic phenancna in the treated animkLs which 
came t o  necropsy. HLetalogic s t d i e s  are i n  progress. 

created. 8 Part- V a C m  d the Cmtinuing S ; l u c e Z b g  of the rubber pumping 

Interprctat im.  It va6 stated in an earlier report that conclusive evi- 
dence vas at hmd 
crose transfusion after total-boS. irradiation. The cross-transfusion pro- 
cedures m which this earlier report vas based were perfarmed with divices 
which had the drawback of a 5 l i & h t  destructive effect on leucocytes and plate- 
l e t s ,  as shown by blood counts. \men the technique waa improved t o  render it 
l e s s  t r a m t i c  t o  t h e  b l c d  cells, these "aLraumaLic" cross transfusions did 
not r e su l t  in reduced a5iai'q or nartality of cross-transfused animals. 
Therefare It WES decldded t o  i d t a t e  the destructive effect of the ear l ie r  
equipment d del ibvately t r a m t i z e  the transferred blood, with the results 

ch prwed the existence of a protective effect  of early 
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reported above. The eaer iencc  here cmi'irms that of other authxs (Lawrence, 
Valentine 6c Dowdy, Leonards ard Heisla') who fourd that " a t r a w t i c "  reciprocal 
bloal trsnefer does not affect the morbidity ar mortality aS tu'cal-ba3y ir- 
radiation disease. It is f e l t  tbat the slrm t o t a l  of the cqxrlence in tllia 
hbara ta ry  (3OeS faz- t o  d a m s t r a t e  the existence of the "cross hans fue im 
Effect" after total -bdy i r rediat im.  These results suggest the follcuing 
hypothesis : 

There is a sSs tance  which is  necessary far the survival. 
of bme-marrcu stem cells;  th i s  substance ie destroyed 
by irradiatim; this substance is contaiaed within c&ain 
farmed elements of the blood (end possibly elsewhere) and 
is released into the mFlieu i n k r i e u r  by -inJu-y t o  or de- 
struction of i ts  carr ier  cel l ;  it should be possible t o  
concentrate and define this material by difYerential 
centrifugation of blood and injections of treated ceUuLar 
blood fractions into irradiated apimaL;. 

FVPLRE. 
m e n t s x  progress t o  find the c e l l  type which is the carr ier  of the pro- 
tective substance. Inancdiately aft- Srradiation, do@ VU be injected with 
v a r i o u  fractions of dog blood; such fractions w i l l  be p r e m e d  by exsanguim- 
tiq dmor dogs, cent r i fy jng  theFr heparinized blood, separating the -zruious 
c e l l  f r a c t i m ,  and applying Ccmti-aUed &pees of hJq t o  the ce l l s  by 
various mthd6 (osmtic, temperature variation). If a protective subatance 
is obtained an attempt w i l l  be made t o  characterize it by dialysis, differen- 
tial centrifugation, ani other appropriate methals. 

In confannity w i t h  the above-menticad working hypothesis, expperi- 

Pathologic r aa t e r i a l  of the preceding series wFU be exsmined in detall ard 
a final report prepared. 

" 



3. PCuuIrrlrNT IYP’M J ~ s l I ? I r A l l l T  
t i  

kpproxinetelr F5Z @.C ~ t o - i c  c -sx l t ies  suffer blast  and thermal burns, many 
exteqsive cnd severe. 
Atomic msfcre .  
methnds, .iF,F?icahle t o  large nu-bere of casualties, are urgently required. 

Thcr is by f e r  t3e most important medical problem i n  
Resent  metbods Gf treatment are  inadequate and improved 

b 
8 1 .  w w  01 I ~ N I C T  IUD o w m i - a  

systevic, i n  experinentel P i m - l s  sad na, i n  attenpts t o  develop improved 
~ r n c t i c a l  retho65 of t h e r c r ,  % ~ l i c F I  c m  be applied i n  handling large numbers 
of burn casualtie?. 

a. u. T \ r  objec+..?irs I s  t o  stxiy a l l  phases of thermal b‘ai-ns, local and 



. . 

marrow damages, which accompany severe burns; trustworthy methods of preventing 
or correcting these are much needed. The a r t i f i c i a l  kidney has been p- 
i n  saving l i f e  i n  t h e  acute kidney fai lures ,  but present model. need further 
development and simplification t o  be applicable to  mass casualt ies or f ie ld  use. 

Combined ant ibiot ic  therapy i s  doing m c h  t o  prevent or control infections 
of burns but pocyaneus infections remdn d i f f i cu l t  t o  handle. 
of i n f e c t i o n s  t o  the toxemia of burns and keloid formation h a s  yet t o  be worked 
out. The causes of burn anemia remain obscure. 
methods of handling compound fractures i n  badly Surned areas; these may be met 
i n  considerable numbers i n  an atomic explosion. 

The relationship 

There are no very practical  

Many of the enthusiestic claims for the great value of ACTH am3 cortisone 
fo r  burna have not been confirmed i n  carefully controlled experimental and 
c l in i ca l  trials. 
f l u i d  108s and edema formation i n  the first 36 hours are not changed by these 
hormones. The c l d n  t h a t  tomologous skin g r a f t s  w i l l  survive permanently when 
applied under treatment with these hormones is not true. The claim that  these 
hormones save life i n  the presence of otherwise f a t a l  burns seems very doubtful. 
There i s  evidence that burn victims fee l  bet ter ,  have early re l ief  of pain and 
better appetites when given these hormones. Ilkh work remains t o  be done before 
the place of ACTH and cortisone i n  burn therapy can be scientifically established. 

Preliminary resu l t s  of leaving burns exposed t o  a i r ,  without dressings or 

The claim tha t  no replacement fluFds are needed i s  fa lse;  

loca l  medications, show t h a t  they heal as rapidly and cleanly, wi th  less dis- 
comfort, and ear l ie r  ambulation, as cases treated wi th  local medications and 
dressings. 
but may be wklely applicable t o  atomic burns, since most victims w i l l  be burned 
on only 1 side of the body - t h e  side exposed to  the atomic flash. 
surgical cleansing of the burned area and systemic antibiotics t o  prevent 
infection may be all t h a t  i s  needed i n  the milder cases; replacement f luids  and 
control of pain a l s o  w i l l  be needed i n  more severe cases. 

This Ikxposure method" i s  not epplicable t o  circumferential burns, 

An initial 

Tissue cul ture  methods have been very useful i n  defining the optimal 
nutri t ional conditions f o r  the growth of new epithelium from normal, burned, 
and transplanted sk in .  
of burning SS. heat and radiation, and the effects of drugs i n  impeding or stimu- 
la t ing  epi thel ia l  growth. 

It i s  also possible by this method t o  measure the effects 

b. Auuroach. The Surgical Research 'hit. w i l l  establish the principal &my 
investigation c l in ic  fo r  the study of thermd burns, a t  the Brooke Army hbdical 
Center. The m a x i m u m  feasible number of burn casualties w i l l  be transferred to  
this hospital for  study and definit ive treatment. Emphasis w i l l  be given t o  these 

(1) The losses of body water, electrolytes, proteins, n d  the formed blood 
elements w i l l  be related t o  tha time a f t e r  injury and the s ize  and sevarity of 
the burns. 

(2) The s h i f t s  of body water, electrolytes, and proteins between the circu- 
la t ion,  e x t r s e l l u l s r  spaces, and intracellular spaces, i n  relation t o  time and 
severity of injury, w i l l  be determined. 
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(3) The amounts and types of fluid replwements t o  restore ornotic am3 
Attempts will be hemodynamic balance t o  the circulation will be determined. 

made to  develop general rules of fluid replacemant, which may be used when 
large numbers of casual t ies  preclde making laboratorp examinations. 

( 4 )  Clin ica l  trials or the flexposure methcd,n for  the local treatment of 
skin burns, w i l l  be pushed at  high priority, i n  order t o  develop it as a 
possible mthcd for dealing w i t h  lrage numbers of atonic burns. 

( 5 )  The coctrol of bran infections by antibiotics a d  other masures will 
be investigated, i n  order to d e t e r d m  the choice of remedies, optimum dosege, 
and route of administration, sad t o  develop appropriate t r ea tmnt  dirlrectives, 

( 6 )  
determine t h e b  advantages, l i d t a t ions ,  and dangers, and t o  formulate directives 
for t h e h  use. 

(7) 
measure, will be evaluated in human ewes. 

( 6 )  

The use or AGTH d cortisone in severe burns will be investigated to 

The use of large hornlogous skin grafts, as a temporary life-saving 

The optimm time a d  conditions for autologous s k i n  grafting, especially 
in the  "expome method," rill be determined. 

continuous intragastric feedin@, rill be investigated, t o  determine proper 
timlng, formlee, amounts, Rnd influeme on c l i n i c e l  recovery, 

( 9 )  High caloric nutrition of severe burn cases, both by parenteral and 

(10) The causes of toxemia, renal failure, and l iver  and bone marrow damage 
in burns nil1 bo &died, t o  deterrdne how t o  m i n i r i m  end correct these serious 
complications. 

the treatment of the acute kidney f a i l u r e  i n  burns, and as e research tool  t o  
determine w h y  the toremias and kidney damage cam. 

(11) The a r t i f i c i a l  kidney will be used, both as a life-saving measure i n  

(32) New dreeeines, drugs, and i n a t m n t s  for the evaluation, management, 
treatment, and rehabilitation of themal burn casualties will be inveatigated, 
as requested by the Surgeon General. 

c. Subtasks. 

(lj Arm Wical Service Graduate School w i l l  attempt t o  develop dresshga 
f o r  therm1 burns which will hnve midmm or  no adherence t o  the burn surface 
and t o  newly grafted or growing epithelium, and will evaluate methods and combina- 
tions of treatments developed elsewhere, t o  asaese the* vdne f o r  the manegement 
of Arag' burn casualt ies d for large nurbers of atomic burns. 

(2)  Columbia Wwrsity (Dr. Mward L. Howss). The proteolyuo enzymes, 
notably co l l a~enases  and pseudmollsgenases, elaborated by the  c los t r id ia l  
bacter ia  (Q.-w, QL sDommnes, and Q. gietolvticum), a i l l  be oomentrated, 
purif ied,  and tested for their  value for removing slough from deep thermal burns. 
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Wthods f o r  the production of enough of the most promising enzyme, t o  make 
c l in i ca l  trials possible, w i l l  be developed. 

(3)  University of Cincinnati (Dr. A. Altemeier). The control of burn 
infections wi th  proteolytic enzymes and combinations wi th  antibiotics sill be 
evaluated, with special attention t? nocymeus and t h e  more resistant gram- 
negative bacteria. The relationship of infection t o  mar and keloid formation 
will be investigated, in order t o  minimize unsightly scars and contractures. 
Attempts will be made t o  develop practical  methods for  handling fractures wi th  
overlying severe thermal burns, s w h  as m a y  occur i n  atomic explosions. 

( 4 )  Massachusetts General Hospital (Dr. Oliver Cope). The histology, 
physiology, chemistry, and physics of the local  burn and its exudate will be 
studied t o  determine the basic derangements and t o  develop rat ional  local therapy. 
Promising new topical applications w i l l  be evaluated d new ones devised. 
use of homologous skin grafts as a life-saving measure will be investigated. 
Wtabolic s tul ies  using radioactive tracers w i l l  be made. 

The 

(5) Northwestern University (Dr. H. S. Allen). Comparative c l in ica l  
studies of the "exposure method" and closed methods of treatment of burns will 
be made, w i t h  emphasis on pressure dressings. The time%ourae for  natural 
recovery of t h e  circulating protelns and formed blood elements, as related t o  
the size and severity of burns, w i l l  be determined; attempt w i l l  be made t o  w e  
t h i s  information t o  formulate general rules for transfusions and protein replace- 
mrnts, when casualties are too numerous t o  be followed by laboratory examinations. 

miversi ty  of Texas - Medical Branch (Dr. T. G. Blocker. JrL). ( 6 )  To 
conduct c l in ica l  research on burns and related problems. 

(7) Yale University (Lk. H. S. N. Greene). The physiologic environment 
provided by the anterior chamber of the eye w i l l  be carefully s t d i e d ,  t o  
determine what factors make homologous skin transplants grow there, whereas 
they generally f a i l  t o  survive i n  other regions of the body. Attempts w i l l  be 
made t o  separate and study the epidermis, f ree  of dermis. Simultaneous trans- 
plants i n  guinea pigs w i l l  be made i n  the anterior chamber of the eye and on a 
denuded skin surface, i n  the same animal; reasons for differences in the survival 
of transplhnts i n  the 2 s i t e s  w i l l  be sought. 
skins, and both embryonic end edult skins,  will be employed. 
duplicating, i n  the burn wound, the factors favor* the survival of transplanted 
skin will be considered. 

Both homologous and heterologous 
The possibil i ty of 

(8) St. Vincent's Hospital (Dr. L. U. Rouaselot). Cl inical  evaluation O f  
t h e  oroteolvtic enawes. notably streptokinase and streptodornase, for the 
contkol of infection a& removk of slough and debris Prom burns aad infected 
wounds w i l l  be made. hlethods of application t o  assure prolonged and intimate 
contact with the burns and wounds w i l l  be developed. 
and photographs (in color) w i l l  be made a t  frequent intervals. 

made t o  determine the cause of death with high plasma nonprotein nitrogen (over 
100 mg 8 ) .  
kidney, and heart) t o  determine the electrolyte and fluid s h i f t s  within these 
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t issues ,  since over-all e1ectroQt.e &dies do not appear t o  reflect the 
changes i n  these t i s sues .  It i s  hope3 t o  obtain Q bet ter  understarding of what 
i s  takicg plwe i n  them, hefore the Frwess become irreversible, as this m a y  be 
the k e y  t o  prevention of burn desths. 

(10) University of Pennwlwnis (h. Julius Conroe. Jrtj. 
nature of the d i r e c t  end reflex effects of hea t  and products of conbustion 
applied t o  the upper and lorer re?p€rirstov passages; t o  devise and u t i l i ze  
methods for  the early dingnosis of der,qe t o  the lower respiratorg tract; and 
t o  determine t h e  benef ic id  or  deleterious effects of cer ta in  methods of t reat-  
ment. 

To define the 

(11) The Jefferson ’ledlcd P O l h E 9  (Dr. John H. Gibbon, Jr.1. To deter- 
mine the  value of a mechanicdl heart-?- epparatus i n  ths  treatment of pulmonary - ~. 
edema following bmns of t h e  r e s p i r a t q  tract .  

(12) 
on burns of t h e  respirs toq trxt, w i t h  special reference t o  pulmonary edema, 
leryngospesm, and the influeme of drugs. 

(13j To define the sequence 
of Fhysiolo& events fo l l3a i -g  respiratory t rec t  injury, as a basis for appropri- 
ate therapy. 

University 3f Pemsr lvde  (Dr. C a r l  F. SchnidA. To conluct studios 

.w Univsrsity (Dr . J E ~ S  I,  iRittsnberaerI. 

out studies on urea, 
para-amino hippmete, insulin, crd ra3ioactive sdium (26 clearances i n  burned 
a n i m a l s  a d  b a n s  m d  t o  correlste these studies with renal blood f lm and 
urinary output, i n  d e r  t o  debmine the extent of renal dysfunction following 
thermal injury. 

To “7 (Uj Baylor 0dvers i tv  (LT. It. E. DeSakey). 

(151 Aos tn  Univss ib  (Dr. Pm~!ham S. 7dkerL. 
i so l a t ion  f rm b e c t s r i d  cmmes of enzpms hydrolyzing proteins, nnk2Gpo~sac- 
charides, s n ]  collagen; iuvestkation of hellostatic action of stapblccoccal 
prccoagulase in miml eurgev. 

To conduct studies on 

(16) Lhiverrits of r iashiwton School of :Isdicine (Dr.  J. Thomas Pavne1. 
To conduct e study of thermel effects on cutaneous and systemic l ipids.  

(17; b i v e r s i t v  of TemesFee (Dr. James D. Hardy). A c l in i ca l  and labora- 
t o ry  study of t h e  c?.use of d s t t +  i.1 therm1 burns. 

(18) University of I l l inois br. Mfred .%hillerl.  To study the effects  
of vasoactive substmces r e l ee r4  f ron  burned skin  on the cutcnoous circulation 
of i n t a c t  snlmals. 

(19j Southwestern Med sCh@.?l, Ihiwrsity of Texas (Dr.  Ben 3. Wilsonl. To 
conduct studles of extrscelluler m d  to ta l  body water exchange rates following 
thernal  i n j w  end other treme. 

r 
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(20) University of Texaa Medical 3ranch (Dr, Panerat). To condust tissue 
culture stdies in relation t o  thermal hjwj and epithelialization. 

(21) Universitj of California School of Medicine (Dr. W i L l i c u u H .  Muller, Jr.) 
To conduct s t d i e s  on the enzymatic debridement of wounds. 

d. Other Infarmation. None 

e.  ~ackgrolold a x i /  Progress. Progess  i n  burn therapjr is  sumparized by 
Lugroved ne thds  of reswcitnt ion ard better ccrntrol of invasive 

and lethal-icfection have C u l m i n a t e d  in the saving of maay l ives  otherwise 
iost 88 a resul t  of extenshe burns. 
salvaged confront the surgeon with new problems and opportunities, inclwLing 
control of infection and cross-infection in the hospital from patient t o  
patient 4 ir#roved meens of separating the burn eschar end of repair of 
full-thickness burns, especially those invoiving m c l e ,  tenilon, joint ,  and 
bone. The last problem has been under stua;. on c l in ica l  mterial a t  WEAH. 
It would appear that wheri thermal inJmy extends t o  deeper structlrres controi 
of infection, debridement, and suitable fgaftin& afford a good weight-bearing 
limb that is m r e  funct iond than a prosthesis. When a majar Joint is  
destroyed furrion is required.. 

The seriously burned patients now being 

Allen's extendd w e  of a b e s s i n g  made of cellrrcotton with fine-mesh 
gauze attached corfinceci him that it does not meet reputcwnents. A &ge 
number of burn cases, m o s t  of them children, were treated by various regimens; 
he opposes treating by formula. 
upper respiratory infections ccanplicated menagement of burn children, Blvl 
reduced nutr i t ional  s t a t e  t o  a low point. A neu feeding, high in f a t  ard 
carbohyckates 
nutri t ional s t a t e  at  the mst rapid r a t e  observed. 

Frequent cwes of children's diseases and 

offering the usual amounts of protein, re-esteblished the 

Further studies were carried out by Canroe in l igh t ly  anesthetized animals 
t o  determlne the existence of: 
t rac t  and b) lover-respiratory-tcr-upper & lower-respiratory-tract reflexes, 
ini t ia ted by thenaal or chemical t r a m .  To date, the onlx positive evidence 
obtained was a f la t tening of the pressure-folume curve (decreased canpliance) 
of the lung thorax following i s jury  localized in the qper respiratory t rac t .  
This m,y explain Uf f i cu l ty  occasionally encountered in inflating the  lungs 
d man af ter  intubation. 

a) uyper-respiratcay-to-l~~respiratory- 

Amng the chemical substances liberated by heat dmage t o  cats, C a r o e  
stated that, serotonin (5-0~-~yptamine)  results from ljjsis of platelets  or 
from clot  formation. I n  the i t s  injection into the right auricle or 
ventricle leads t o  bradycardia or even cardiac arrest ,  apnea, anrl kup- 
tension. 
the distribution of pdmomry and coronary c i r c a t i o n ,  a d  the afferent and 
efferent fibers running in the vagus nerves. 
obtained by doses of serotonin as 1%' as 2 m ~ g  /K. 
b o  produces increwe in right ventriculnr pressure and intense bronchocon- 
s t r ic t ion,  end constriction of smooth m&cle elsewhere in the body. 
eeemed likely that clot  formation in the pulmonary circlllation would lead to 

These are ref lex effects, with the receptors lying somewhere i n  

These profound effects can be 
Injection of serotonin 

r~ 
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local. l iberat ion of serotonin with profound reflex cardiorespiratory depres- 
sion and bronchoconstrictim. There we6 teste6 the anti-serotonin effect of 
2-methyl-3-ethyl 5 amiilo indole. AX '&e abwe effects, however, were con- 
fined t o  the ca t .  Serotonin has different effects in the dog. 

Cope d e v i s d  an a i r - C o n d i t i ~ -  appratus which m i n t a i m  the a m  or l eg  
of a pat ient  a t  a controlled teqeroture and huniaity and permits observation 
of r a t e  of healine of the dmor s i te .  Whole blood versus plasma as the 
colloid therapy of choice VPS :-est& by the radioactive c h r d m  methcd in 
3 pat ients .  It w s  thou@ tht the p15s of red cel ls  destroyed in i t i a l ly  by 
the hurn i s  probabb not mer 10 t o  I$ of the expected nca?llal mass for these 
pat ients .  
trasts sharply with -;he Later need ii infection develops. 

This mirrirvl  nee3 for red ce l l  replacement soon after injury con- 

He is critics- current practices regmi- the need for 
SCdiUm aS B pZYL Of fluid theraFj. 

Dei3dey conclded frm t e s t s  on 5 severely burned patients that gJ.omen&x 
f i l t r a t i o n  rites :end t o  be a d  or increased. 
elevated rote occurs aurin& the early acute phase of adequately t reat& 
p i t i e n t s .  

As before, data a w e s t  sa 

'The possibilit.? that the factors coacerned in incompatibility following 
t r w f e r  of alien tissue i n  rabbits are not v i t a l  factors continues t o  be 
e-xplord by a. hetnc. Pr-ts of tissue isolated f r o m  the bcdy my be 
sub,iected t o  strenuwa in-vitro treatnent without impaFring their ab i l i t z  t o  
s w i v e  trsnsfer. Both-p-d W e s h i n g  and Lmersion i n  fat  solvents vere 
founrl t o  a l t e r  trsnsp1mtab;lit; reactions. 

11- followed 15 pntients vhose burns exceeded 15% of t i e  b d y  surface, 
5 of vhm died. He presentel evidence tiwt f luid and salt therapy can be 
excessive. U d f f  present therap;. dlnost every patient whose burn exceeded 
255 of borljr surface wined vel& aming the lst few d a y s ,  1 as much as 23 
pounds. 
iiovnd &erne but of edeun b distant a r e s .  The kidneys cannot be "forced" 
t o  excrete a desired mluue cf urine. Approxim&te~v 1 f 3  of the Subject3 u!&ni 
fested n r t e r i a l  l ~ c r t e n s i o n  buring the 1st  10 days. Overloading of the 
circulat ion ad/= possible renal denz?~ are considered possible causes. 
inves t iGtor  syGests 5erlOuS reservations to  a propam that eqdoys tihole 
b l o d  as the Bole colloid infused; 1 patient with a hematocrit of 71, ir- 
ra t iona l  while receivhg vhole blood, kprwed when p k m a  was administered. 

This resulted frrn f iu id  retention not cmly in the form of burn 

'fie 

These cme s t rdies  of s p e c i a l  interest were present&. Patient J. S. 
furnished a s t r w  emzple of the fact that it is possible t o  overload the 
circulat ion OZ a h u b  young truck dr ive r ,  even when the fluids are orlminis- 
tered chiefly by the orzl route. 
recwerJ  from w h e t  vas tb-t t o  be a terminal ccnna follming the intravenous 
administration of ura 1.5 liters of 0.35$ sodium chloride. Patient R. J. 
w a s  irrational when admitted t o  the hospitd,  but on the 2nd day he became 
1st w i l d & -  excited, h t  mniacal, snd then lapsed into C n a a ;  bcCQuGe the 
henatocrit YM 57, in the presence of a well-sustained bloorl pressure, he Was 

Patient  J. H .  exhibited a remarkable 
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In StwlyinE reveisibi? -leCi:rolyte imbalance in shock, Janes Walker had 
found a difference i n  chloride content of a given tissue, depend- upon 
whether analysis was done on fresh wet tissue or upon similar t issue dried for 
water analysis end then subjected t o  chloride analysis. 
the l a t t e r  ranged fron 53 t o  
wet t issues.  

CUoride recovered frao 
of that recovered frcm canparable samples of 

In  h i s  recent tes’is burned, untreated r a t s  shared an increase of lh?$ in 
t i s sue  chloride mer n o i d  v-dues in the s t e r n  medius muscle; brain 
chloride content increcsnl 255; other axseas shared increases or decreases 
which m y  or m y  not have been reiaked t o  direct  heat injury. 

; J d t e r ’ s  newly 4 years‘ w o r k  w i t h  ?he a r t i f i c i a l  l;idr.ey m s  sumnarized: 
clinical experience w i t h  a toiral of 209 patients on the a r t i f i c i a l  kidney 
denonstrated its g e n t  value as an aijunct t o  conservative umgement of 
renal insufl’iciency. 
The cmditionfnz fe.ctor that determines t h e  depee of renal tubular aegenera- 
t ion  procluced by ischenia and h m q i a e n t  is the functional s tz te  of the 
kidney a t  the mment when the  C c G b i n e d  insult is given. 
report. 

A t  tlmes extrarenal d i a s i s  is a life-saving procedure. 

Tliia wes a final 

Progress was reported by Wilson in refining and adapting equipment for  
determinations of radioactive s u l f u r  and deuterium oxide as a mew of 
evalwtinG extracellular Md t o t a l  b@/ water exchange rates  following thermal 
and other t r a m .  

G h a t  w a s  considered a preventable canplicetion in 31 burn patients studied 
by SRU w a s  hepat i t is  which appeared related to the administration of plasma, 
rather than pJ.asw eqmnders, in early shock therapy. Three deaths resulted 
from th i s  cause. 

Septicemia vas p r o v a  bx positive blocd cultures in ll cases, 1 of uhich 
More a t t en t im  is being given t o  frequent blocd cultures r e s d t e d  in  death. 

during the  e a r l y  postburn period. The relatively high incidence of septicemia 
in severely burned patients s h m  clearly that invasive lnfection has not been 
eliainated by the use of antibiotics and that unexplained deaths majr be 
at t r ibutable  to undiasosed septicenias . 

The use OS “spl i t - sp l i t  th icbess”  grafts in  very extensively burned 
patient8 doubled the 8mount or sdln ayailable for skin coveraee. Such g r a f t s  
“take” very well and appear t o  be an important contribution t o  the management 
of such cffies. 

In recently burned patients a decrease in the serum sodium concentration 
remains the most s t r iking and consistent chemcal abnormlitjr. Although the 
explanation is not yet clear, dilution seems the wst l ikely cause. Contrary 
t o  expectations, hi@ concentrations or Urimry  SolUtes are the r d e  even at 
a time when the baiy is riddlng itself Of the f lu id  load impcsed during early 
f lu id  management. 

Patients who have m increased quantity of circulatlllg Cortisme or ACPI 
characteristicalJ.jr show increesed potassiun3 end decreased SDCliwn cOncentration8 
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in sa l iva .  
the converse is true, it wa8 discovered. 

men p r d e i n  catabolism rates  W e r e  s t d i e d  in 19 normal6 aDd coTIysLesc- 
ing pat ients  by the use or  1131-Labeled. hmm serum albumsn the uriae e- 
cumulation was faster than plasma degradation. This discrepancy led t o  the 
postulate that elbumin is stored in sane deput other than the extmeUular 
rhid -- preswmlly some organ depot. 

f . Future PLana. These studies w i l l  continue. 

In the presence of a decreased quantity OP cortisone or Am, 

E .  ~:eferences. Progress reports of investigators; reference following SRU 
report. 
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ProJect No. 6-59--12-21 NCXC FCR PUBLICATION 
Report Gate 30 June 1953 

Thermral Burn6 

Sulgical Research U n i t  
Brooke h q y  Medicnl C e n t e r  
Fort SemHouaton, Texas 

tech- for the care of persmnel exposed t o  thermsJ. radiation and b-. 

PR-. Clinical Studies in Thermd InJurles. D u r a  the early months 
of 1 9 B 7 3 p a t i t n t  load was heavier than a t  any previous time. Many patif!ntS 
were edmitted 3 t o  4 weeks after la jury with large, e;ranuhting w a d s .  
is hoped that the nuniber of recently burned patients can be increased even 
more. 

BRIEF. The purpose of th i s  s t d y  I s  t o  evaluate, develop, atd perfect 

It 

of mer 500 records of burn patlents treated a t  
incidence 88 indicated. 

CCMPLICATIONS m 602 BIRISS 
SWGICAG RESEARCH UNIT 

HEPATITIS 

SOFT TISSUE UCUNDS 

FMCTURE? 

SEPTICEN! 

CHONDRITIS (ears ) 

AMPUTATIONS 

CWllEAL ULCER 

-ITIS 

GAS1ROlXlTSTINAL 

NEUROSUP,CICA.L. 

GENITOURINARY 

~OMBOPHLEBITIS - - - -  

a 

5 10 15 20 25 30 
Nmer  of Cases 
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Hmologous serum hepatit is  developed in 2 additional patients not included. 
Of the 31 patients in whom hepatit is  developed, 3 died. In each instance the 
disease appeared to  be related t o  the administration of plasma in early shock 
therapy. 
of burn shock, the death of 3 patients fran hepatitis is particularly deplor- 
able. 
member of t h i s  Unit, who mfartmately did not see the patient uti1 after  he 
had received several units of plasma. 
death, 

In  view of the proved efficacy of plasma expanders in the managermfllt 

The last patient who died of hepatit is  was treated in Korea by a farmer 

This muat be considered a preventable 

Septicemia, proved by positive b l o d  cultures, was observed on ll occas- 
ions. 
result ing in septicemia and acute endocarditis. 
paid t o  obtaining frequent b l o d  cultures during the early poetburn period, 
particularly in deep, extensive burns. Quite pmsibly the "toxic syndrme" 
so frequently observed af te r  such burns represents in rea l i ty  septicemia that 
often remains undiscovered becauae of rai1U-e t o  takc frequent blood cultures 
The relatively high incidence of septicemia in these sexerely burned patients 
shows clearly that invasive infection has not been eliminsted by the use of 
aatibiotics,  that  unexplained deaths may be attr ibutable t o  undiagnosed 
septicemias, end that never-ending w a r  on b a c t e r i d  imra8ion must be COndWted. 
~ m c i n  and erythrmycin were each wed on 1 occasion in the treatment of 
septicemia with apparent success. 

Death in 1 patient w a s  d i rect ly  attr ibutable t o  invasive infection 
More attention is being 

The problem of acute gastrointestinal ulcers has been reviewed in the 
reference list.& belou. 

Burn Deaths. 3'r"rcn July 1950 un t i l  Februsry 1953 more than 500 burn pat- 
ients were treated by the Surgicnl'Research Unit; 27 patients died. 
followFng the causes of death Indicate the poetburn days on which deaths 
OccUrred: 

numbWS 

Three cases of respiratory burns (1, 1, and 1) 
NFne cases of f lu id  and electrolyte imbalence (1, 2, 3, 3, 3, 4, 8, 

9, a d  13) 
Six cases of fulminatin& infection (7, 11, 18, 19, 31, anrl 65)  
One case of gastrointestFnal ulcer with hemrrllage (13) 
Three cases of hepatit is  (76, 78, and 80) 
Five cases of death due t o  miscellaDeous causes (1, 7, 9, ll, snd 84)  

( c d i a c  arrest ,  brain InJury, ctc.) 

It was possible t o  construct a probit line for the 1.5- t o  & y e a r s  age 
grow in accordance with the method of B u l l  and Squire. D r .  C a r l  M o y f f  of 
S t .  Louis recently undertoo& a similar s t d y .  Although the analysis is not 
ye t  complete, apparently the conatants of thie probit line w i l l  not differ 
mater ia l ly  frm those calculated by the other workers. Interpretation im- 
poses serious problems, and it is p h e d  t o  review these burn deaths. 

A i r  Evacuation. During the past 6 months, 9 cr i t icdl ly  burned patients 
were evacuated by a i r  by th i s  Unit from va r iow 21 installations t o  Brooke 
Arnlv Hospital. 
Much experience haa been gained in air evacuation but ear l ier  conclusions have 

A t o t a l  of 1;w hours was spent in the air by staff members. 
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not been altered mater idly.  

Miscellaneous Clinical S t d i e s .  The Universal Protective D r e s s m  and 
the b m n  dressing devise3 at the Surgical 3eaearch Unit continue t o  be Fa- 
7a . lwbLc .  
grafts in very extensively burned patients. 
t ing  of thick sp l i t - th icbese  skin (20 50 25/1000 of ea inch) w i t h  1 of the 
drum dermatomes ani then Purther spl i t t lng this skin while it I s  s t i l l  
attached t o  the dermatome drum. 
far skin coverage can be doubled. 
remarkably vell. 
ordinery split-thickness waf t s .  
t r ibut ion t o  t h e  managemnt of severely burned patients and w i l l  be explored 
fur ther .  

Experience '- s lued  vLth the use of "spLit-3plit thiclmess" 
This technique involves the cut- 

In  this m e r  the amunt of skin available 
The spli t-spli t  g r a f ~ s  "take" and swvive 

In time they becaae practically Fndistlngu1shabI.e frm 
This would appear t o  be an important con- 

Metabolic C h m g e  s after Wur . Ccmplete metabolic balance studies are  
perf 0 A e a r 4  weeks of iqjury and throughout con- 
valescence. 
pharus, and magneslm. BeLances are computed on the basis of intake and all  
routes of output, incldm urine, feces, and exudate. 
snalyzed for hemoglobin, hematocrit, white blood c e l l  count, t o t a l  eosinophil 
c m t ,  t o t a l  proteins, A/G ratio, sodium, potassium, chloride, calcium, phw- 
ghorus, and V e s i u m .  If possible, these bloai s td ie s  are perfarmed dalb 
during the lst 2 weeks, then a t  veekly intervals. 

They inclule data on sodium, potassium, nitrogen, calcium, phoe- 

The blooj. I s  a l so  

Results: To date,  4 patients have been studied thoroughly from the time 
of Wury u n t i l  h?aling was  cmplefe; 2 others were s t d i e d  a t  a time when they 
had large open wounds end severe malnutrition. Three patients are 
balance studies. 

Ofl 

Correlation of the c-hanges in various mineral balances is being d e .  
The data on cdclum, phc-aphow, 
as t o  the source of the increased nitrogen los8es after injury: 
derived from the breakdm of tissues simFlar in compO&itlon to muscle. 
conversion factors emplm~ed In predict& theoretic balances of nitrogen based 
on other miner& may not be as valid in the fgossiy & n o d  conditions after 
a burn a9 under less  abnormal corditims. 
which cannot be analyzed v i t h  th same degree of accuracy &s the urine and 
stool,  may further ccarplicate the 3nslysis. 
t o  date, there can be no doubt tha t  the exudate contributes substantidilly to  
the over-all metabolic balance md that collclusions which exclude the exda te  
must be viewed with caution. 

nitrogen metabolism leave l i t t l e  doubt 
they w e  

The 

The variable of the burn e w a t e ,  

3n the basis of s t d i e s  completed 

A s t r i k i n g  feature of the bcdy's response t o  severe burninti is the 
oxidation of large mounts of body fat. The data on b d y  f a t  are derived 
from the  complete metabolic balances. In  4 patients it w i l l  be wss ib l e  t o  
compare body f a t  data derived frcm bkSance studies and periodic h e a v  water 
d i lu t ion  s t d i e s .  It is ho?ed that the use of both methods w i l l  shed li&t 
on the val idi ty  of each. 

Gross a b n o W i t i e s  in calcium wtabolism were obsemed in several 
severely burned patients. In SUE patients the serum ca lc im levels, 
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corrected for serum plasm protein cincentratioas a t  the same time, were much 
belov the n-1 range, a d  in sane, the serum calcium levels were so lou t h a t  
c l inicd tetany would be expected t o  occur. Despite these filrlbgs, tetany VBB 
observed in only 1 patient-an infant who also had a severe nretabolic alkalosis. 
Further atudies are indicated. 

Since the last report, 2 patients who had "lower nephron nephrosis' were 
obsemed; they constituted the lst instances of t h i s  canplicatioa. 
shock theraw was a factor compon in both. One patient remained mucic; in 
the other, the urine flow increased after insti tution of an energetic fluid 
regimen. When the 
serum ? O t a s s i u m  increased t o  7 mEq per liter, extracorpcrreal hemodialysis was 
carried out, and caused a temporary decrease in the serum potassican. !The 
patient died on the 5th pO8tbUrn 

Inadequate 

The l a t t e r  again became anuric on the 3rd postburn day. 

of pulmonary edema. 

In recently burned patients a decrease in the serum sodium coacentration 
remains the m08t  s t r iking ard consisteat chemical abnormalitv. It has not 
been possible definitely t o  a t t r ibute  this t o  abnormal sodium distribution, 
sdium sh i f t  into cel ls ,  or dilution of the extracellular f luid.  Dilution 
appears the most likely explanation because of the follaring: (1) the s e m  
sodium usually decreases a t  a time when the sodium balance is strongly posi- 
t ive  and sodium excretion i s  not excessively hi&; (2) the serum sodium 
appears t o  decline a t  e. time when the patient is allowed access t o  large 
quantities of water not containing electrolytes; and (3) recently burned 
patients appear unable t o  excrete water loads in a normal manner. 

For the Ut  3 t o  4 days af ter  Fqlury, the patients who were studied 
excreted urine a t  a concentration approximstbg the maximal concentration 
obtainable by normal. kidneys. Contrary to  what might be anticipated, high 
concentrations of urinary solutes are the rule wen a t  a the when the bocty 
is ridding i t s e l f  of the f lu id  load imposed during early f luid management. 
Patients who were treated with amounts of f luids that appear excessive, in 
retrospect, aod who responded t o  the  fluid load by a dramatic diuresis, failed 
t o  elaborate urine of lesser concentration than the plasma. 
shed additional. l igh t  on the studies reported by Baynes.and D@&y on renal 
function after burns. 

These observations 

Growth h o m e  w a s  administered t o  2 severely debili tated patients who 
The data are inconclusive as t o  whether had large granulating burn wounds. 

grovth hormone causes increased anabolism. Continued studies are  plenned. 

Plans for  Future Study. 
by the methods presently in w e .  
data and periuiic estimation of total  bcdy water and extracellular f luid.  
selected patients, the t o t a l  u r m y  solute concentration will be &a@ by 
freezing point depression measurements. 
hormones assays cau be performed. 
data have now been assembled so that  in the future specific reg- of therapy 
can be employed. 
in an effor t  t o  hasten convalescence. 

In the acute phase, continue3 studies are pLanned 
This includes complete metabolic baLance 

In 

It is hoped that urinary antidiuretic 
In  the chranic p-e, sufficient baseline 

Growth hormone, forced feeding, and V i t a m f n  Bu mqy be used 
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Determination Of Blood Volume, EXtracellular Fluid Space, and Heavy Water 
Equilibration Times in Dogs Acutey Depleted Of 5 t o  15% of the Total Exchange- 
able Body Pot RsEim ( w i t h  the Department Of Physiology). 
exchangeable body potassium by meam of the a r t i f i c i a i  kidney, hypotension 
developed a f t e r  6 t o  10 hoiVs of diak'sis. 

la dogs depleted of 

This Iwoteneion could not be 
correlated with blood loss , chenge in-body welght,-& electrocardiographic 
changes; nor could the blo& pressure be rettmed t o  nomat levels by discon- 
tinuing the dialysis ami reeorting to blood transfusion. 

It is believed t h a t  w i t h  potassim depletion intercMIIpartmentBL shifts 
in borly water might occur as a result  Of changes in the permeability of the 
c e l l  membrane. 
osmoticallj. active nor completeiy diffusible. 
intracel lular  scdium is c q i e t e l y  diffusible end osmotically active. 
intracel lular  depletion of potassium is foilowed by an increase lo intra- 
cellular scdim. Since the sodium is CwieteJy diffusible and since concen- 
trations of sodium anl potassim m either side of the semipermeable membrane 
become more nearly equal and smce intracellular potassium depletion impaFrs 
processes of the c e l l ,  it is believed that there is an iflcreaae in cationic 
exchange across the Cell uunbrane. A s  a result Of this  increased interchange, 
it is theorized that there is alteration in the diffusion of water between 
ce l l s .  This theory i s  potentiated by clinical  stralies which have revealed 
that, in intracellulrv potassium depletion, there is an increase of intracellu- 
lar solium end hydrogen im cmcentratica. 

It is a s s m  t h a t  iDtraceUuar potassium is not entirely 

The 
It is believed, however, that  

Results. Ln 4 po tas s imep le t ed  dogs studies were corducted on blood 
volume, using T-ltfL'4~ on extracellular fluid space, wing sucrose; and an the 
equilibration t i m e  of deuterium oxide. 
a d  12 hours after depletion of approximately l+ O f  the animal's t o t a l  ex- 
changeable body potn8sI11~. After lncamprete evamation, it appears as though 
the blood volume and c x t r a c e l l w  truid space do not change Signiiicentiy hut 
that there is a 6lguLiict~lt Lncreaae in equilibration time i n  potassium-depleted 
dogs. 

'These studies were done 2 weeks before 

Renal Functian in PatiQtS w i t h  Chronic Renal Discass befme aad after 
ui ysis w i t h  the ArtUlcCbl lciQey . There exists no definit ive exidence that 
8ialysis in eucb patients does aay m e  than relieve the patient symptcmrtically 
by vi r tue  of a ch.nge in chanietries and eiectrolytes. 
that renal function tes ts  are iarproved af ter  the use of the a r t i f i c i a l  kidney, 
then the r a t i m a l e  for dialyzing patients who have chronic renal disease would 
be mre secure. 
phenolsulfonphtbdcin clearances before and af ter  dialysis. 

If it can be s h m  

It is planned to continue t o  perform urea) creatinine, sod 

Effect of Desoliycortlcosterme Acetate on the Electrolyte ConCeXItratiOM of 
~ c r m c l n  S d i v e .  Salivary determinatims of sodium and pota68ium c a n  be used es - 
i d i c e s  of adrenal cort ical  steroid activity. Patients vho have 89 increased 

potass im ead decreassd sodium concentraticas fn salivva. 
w i t h  decreased q m t i t i c s  of circulating cortisone or ACT6 shw increased 
sodium and decreased potassium concentrations i n  saliva. 

quentity Of cFrcuLatlPg C W ' t l s m  QT ACm CharacteriEtiCd&)' EhW inCreSed 
Conversely, patient8 



It has also be- observed that maintaining nonoala on lov sodium die ts  
w i l l  lead to  2ecreesed solim and increase& potassium sdivsty  ccmeatre- 
tiom. 
cortex t o  produce DCCA which in turn eccounts for the salivary findings. 
However, it had never been proved thet the administration of DOCA w i l l  affect 
salivary electrolyte concentratiori; this s t e  UramFned sodium and potassium 
excretions in saliva befare, during, aud af te r  administration of this sub- 
stance. 

It is thought by some that salt res t r lc t ion  stiParlates the adrenal 

nMwer Rates of Iodinated Albumin in Burncd Patients. Hwnen 6erwn 
albumin labeled with radioactive iodine appears wen suited for use aa a 
tracer in a study of the r a t e  of albumin turnover in burned as against normals 
in an effort  t o  elucidate the mechanlsrms of the severe protein loas seen in 
the acute postburn patient. TO date such tracer doses have been administered 
t o  7 nozmal and 6 convalescing burn patients. Lugol's solution is given in 
order t o  block the uptake of degraded radioiodine by the thyroib. W e  rub- 
j cc t s  were foLloKed for approximately 14 deys with daily blood semples in 
addition t o  ccerplete 2bhour urine collections. Daily in-vivo measureuents 
were rpade with a sc in t i l l a t ion  counter. 

Analysis of plasm disappearance rates  iPaicates that in dl Results. 
of the subjects, w i t h  2 exceptions, the half-l ife of the isfected EQUIP dbumin 
is 7.7 days w i t h  a s t a d a r d  deviation of @. 
showed longer half-lives of 9.3 and 10.3 Cays. Urine data indicate that the 
appearance r a t e  of the degraded radioactivity haa a half-time appr-tely 2 
days faster than the disappearance r a t e  of the material frlln the plasma. 

The exceptions were in nornula ed 

The external radioactivity measuremnts obtained on these patients yielded 
resul ts  scmevhat d i f f icu l t  t o  interpret .  Disappesrsnce ra tes  of thli radio- 
act ivi ty  88 measured In vivo could not be carrelated direct ly  w i t h &  of the 
rates obtained fran tE =e or p h m a  detenninatlozw. 
were due t o  the fact  that the measurements were being made of an "ertmded 
source" of radioactivity as ccmpared t o  measurements usually made oyer a 
relatiyely smaller source, usuaUy considered a "point source.* Preliminary 
analysis of these data indicated a relation as yet not clearly deflaed (4 
previously unsuspected) between 2 parameters of an Lwerse square relation- 
ship. 
exactly controlled conditions, the situations met cl inically.  

The d i f f icu l t ies  

Stul ies  are now underway ut i l iz ing a "phautm" which simulates, umdcr 

Several additional groups w i l l  include burned individuals who are in 
relatively acute stages and chronic- ill and c~mrahsc ing  patimts. 
Because of possible variations in the Iodinated albumin fram lot t o  lot, it 
w i l l  be necessary t o  stuly several normal patients 88 cmtrole.  

Tbyroic? Function i n  Burns. Recent work has s h m  the presence in the 
blood of the iodine-containing amino acid, tri-iodotbyronine, sward t-8 
nore potent than thyroxine in calorigenic action. 
t o  be a brealrdcrn product of thyroxine. 

the l iver  might be im- is unknown, a l t h o i i  there is reason t o  believe 
plicated. An answer might be obtained by sdding I labeled -0- t o  
the perfusate of an isolated l iver  preparation atid examining the effluent srd 

This material is belitncd 
The s i t e  of deiodination of t q V r W l n C  

WL 
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b i l e  for evidence of deicdinated products. Chrapatographic techuiques have 
been worked out for identiflcation of 8- of these materials; perfusion ex- 
perlments w i l l  be carried out 600U. Methods are being established t o  deter- 
mine t o t a l  exchangeable sodium and potassium using isotopes of these el-ts. 

U r W j  Peptides in the Urine of B u m  Patients (continuation of Nature of 
UnidentFfied Nitrogenous Materials in Urine of Burn Patients).  The remaining 
p a r t  of the project, concerned vith the excretion of purines end pyrimidines, 
will be continued a t  N.W;S. The purpose is t o  determine how urinary peptides 
i n  burn patients d i f fe r  from those in normals and w h a t  correlation can he ~. ~~ _._ ._ _ _  
found between output and proeposis . 

Results. The peptides were fractionated by making the dinitruphmyl 
derivatives and fractioreALng, e c c d i n g  to  Woolley. 
explored qualitative differences betveen normal urine and that of burn patients. 
lhese differences were fcnrnd: 
not found in normal urine; 
4-5" and does not contain the glycine aod 2 other unidentified amino acids 
t h a t  

Paper chrm&.ograpi~ 

(1) 1 of the 2 peptides from 'fraction 3" is 
n o d  urine y ie lds  leas  peptide In "fraction ( 2 )  

found in th l s  frection of urine from burn patients. 

Measurement of the Rates of Protein Anabolism and Catabolism by the use 
of S35-Labeled Methionine is proceeding along 2 lines. 
of labeled methionine fnto rabbits Is being done under control editions. 
Radioactive l w e l s  are determined for the circulating albumin and globulin 
proteins.  
between protein synthesis and brealrdovn vhich occurs in the nurmal control. 
Estimates of the rates  of anabolism and catabolism are then ca l cu la td ,  a d  
vi11 then be compared t o  the rate6 of anabolism cstabolism calculated for 
t h e  same animal d e r  experimental conlitions of trauma. A control series has 
been finished. In addition t o  blood samples, urine must be collected t o  com- 
pare r a t e s  of excretion vi th  fluctustions in  the bl- levels, providing a 
valuable double check. 

In t revenm injection 

The r i s e  d f a l l  of such levels with time represents the balance 

The 2nd phaae involves injection of the labeled amino acid into humans, 
both nonmls and those who have received extensive trauma, such as bums. 
rates of protein anabolism and catabolism in  the normal q d  traumatic s t a t e  
are c o q a r d .  
1st t e s t s  t h a t  the t o t s 1  ra te  of metabolism is shifted markedly towsrd  the 
anabolic side w!&en masad by the  ::ardatick of radioactive methionine. 
is hope3 tha t  problem of nutritim, such as the Isrintenance of: positive 
nitrogen baLanc? a f te r  exkemive t r a m ,  vi11 be clarified. 

The 

lqiections of mwth hormone after trauma bave shown i n  these 

It 

3tMy of Protein Catabolism Rates by the use of I13'-Labeled H w  Serum 
Albumin in some ways is s u p p l m t  t o  the eat imat tcm of over-all protein 
metabolic rate8 througb the use of 7 S 5-labeled mthionine. It d i f fe rs  fron 
the sulfur st*+ in that the protein catsbolism i s  more c1eerQ differentiated 
frcm protein anabolism. 

Results. Rates of a l b h  catabdism have been cdlculated by precise 
c w e - f i t t l n g  techniques applied t o  the graphic the-course of plasma radio- 
ac t iv i ty  for 19 human suhJecta for about 2 weeks. About half have beenawrmal 
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controls, the others C O n B i S t ~  in the main of convalesctng patients. 
ratea of albumin deeadation for  the 2 group6 reveal no significant atatis- 
t i c a l  difference, the combined mean r a t e  shoving a half-l ife of 8.0 days 
w i t h  a 1% variation among individuals. 

The 

The r a t e  of accumulation of radioactivity in the urhe was followed 84 
a double check agaLnet the r a t e  of loss of rd ioac t iv i ty  in the plesma. 
'Jrine accumulation is f m t e r  than plasma degradation, shoving a half-life 
of a c c w t i o n  of 5.4 -6 w i t h  a coefficient of variation of 4$. This 
unexpected discrepancy led t o  the postulate that albumin i 6  stored in sooe 
depot other than the extracelluLer f luid - presumably 6 0 1 ~  organ depot. 

of 
Of 
- 

Externnl Countin& of Aadionctive Iodine as a bleasure of Absolute Uptake 
Ii3'-Lsbeled Compounds. "he ccuventlonal chemical estimates of the ratea 
alburmin depadatiun with iodinated human .serum albumin based on urine and 

plasma samples 
Apparatus is bein& constructed t o  minimize the fluctuations resulting from 
experimental technique. It is hoped t o  develop an exact procedure for relating 
external counting t o  absolute quantity of radioactive material vithin the body. 
The number of plasma and samples necessary for patient study w i l l  thereby 
be minimized. 

are being canpared with thme obtalnable by external counting. 

E s t i m a t i o n  of the Mean L i fe  of the Red Blood Cell using Radioactive 
Chromiun. 
burm, th i s  procedure vas devlsed. After a volwne uf red c e U  hae been tagged, 

To help discover the  causes of the anemia &ch occurs after severe 

the cella are  replaced In t circulating blood of the Wividual .  The sub- 
sequent excretim of the Cr9' into the urine 16 a measure of the aging aod 
disintegration of these tagged circulating red ce l l s .  By ut i l iz ing probit 
analysis, the mean l i f e  of the red c e l l  

(1Jhe mean l i f e  of a group of cel la  which may be close t o  100 d&ys can be 
determined by probit extrapolation after a relatively fev days; (2) it permits 
estimating factors of increased or decreased c e l l  Fragili ty when these factors 
may be present for  cnly a short tinre. 

be determined after 
weeka of measurLng urimqf chramium excretion. TbcB prolriaes 2 

A protocol is belng drawn Q? t o  tea t  the red c e l l  l i f e  in dogs mad- 
varying coditiom?, such as splenectmy. Hunen s t d i e s  w i l l  compare the red 
c e l l  .Life of the normal w i t h  that  of the early post-tramatic indivldUd. 

Volumes of Distribution of Inulin, Sucrose, Ihiosulfate, D e u t e r i u n  Oxide, 
a1~3 T-lt124, a& of the To ta l  Exchangeable sodium and P otsssitrm in the Iimmal 
State and in Thermal Tram. 
the volume of distribution of any particular substance applfcable to the 
measurenent of extracellular space can be emressed idependmtl.y of the con- 
centration of the infusate and the r a t e  of Wecticm. 
investigator derived an equation for the calculation of t h i s  volume vhich ha6 
given results (with sucrose and thiosulfate) of the same adex' of e t d e ,  
despite wide ranges of concentration of the infurrates .Pa/.. ra tes  of i n f ~ i o n .  
A planimetric technique has also been developed for t h b  PUWrme. 
it is applicable t o  situatloPs in which the ra tes  of intUsica aod COllCentrStim 
are slover (&/or lover) than a maxirmnn vhich appears t o  be characteklStlC 
of any 1 species. 

New work campriaed the study of me8118 by which 

Physiology SectiCdl's 

A m a t 4  
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Duplicate determinations of the volumes o f  distribution of T-1&4, 
inulin, sucrose, thiosulfate, and deuterium oxide in 10 nopmRL Mividus l s  
were compieted. 
the methods. 

This @oup of runs ser'ves 88 a check on reproducibility of 
Precision prwed to  be g c d .  

t r a t ion  of potassium in the bath. 
equilibration curve are done several days before dialysis.  The dialysis is 
comiucted for 6 t o  8 hours, during vhich p e r i d  about 8 t o  20$ of the t o t a l  
exchangeable potsss im i s  renkmed. A t  the end of dialysis, a repeat space 
study end deuterium oxide equilibration curve me obtained. m e  dog is re- 
turned t o  the cege and repeat studies are done 24 hours postdialysis. 

A control space study and deuterium oxide 

The resul ts  appear t o  M i c a t e  quite definitely that the depletion of 
potassim (by analysis 88 described in the 1952 aanual report) w i l l  result in 
a marked lncreaae in the rate  of water equilibration. This conclusion is 
based on only 2 depletions, plus 2 dialyzed controls. However, the changes 
were so defini te  and reprolucible t h a t  there appears t o  be l i t t l e  doubt of 
t he i r  va l id i ty .  Additional runs are plEmed, a d  ea effort  w i l l  be d e  t o  
determine the length of time such an effect can be demonstrated. This infor- 
mation appears t o  be of rea l  importance t o  the understanding of the pqYsiolo- 
gic syndrcmne of "chronic shock" and of hypokalemic s ta tes .  

FVPURE. Work will be continued as Mica ted .  - 
RGFEREACE. Xeiss, 5 .  e t  al., "Terrenwcin in  the Treatmslt of Peritonitis." &.!.A. E. a., 6 4 : 5 ,  1 3 2 7  
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Project NO. 6-59-12-21 

B m  Therapy 

NIX FCR PUBLICATIOII 
Report Date 30 J me 1953 

A n v  M e d  Sv Gracl School 
W a l t e r  Reed Amy Hedical Center 
Washington, D. C.  

BRIEF. The aima of this work s r e  t o  develop dressings for thermal burns 
which- have minimm or no adherence t o  the burn surface ami t o  mly 
g a t e d  ap g W h g  epithelium; t o  evaluate methode and C c m b i a s t i O n a  0: mth& 
developed elaewke; and t o  88sess t h e e  value for the management of Army 
burn casualties 4 for the treatnrnt of large nunbers of a t d c  burns. 

f - ~ @ m s h o t  wounding ruad a8smiated circumferential full-thickness 
burns of this extremiw was  subjected t o  repeated skin tgdthg procdures 
elsewhere which were wuccessfu l .  He shwd evidence of an e s t b s t e d  40- 

pRo(;REss. A 22-year-ald d e  officer vith ccw~ound f h c t u r e  of the left 

p d  weight. loss. Cultures of e-te revealed Stephylococclle aurw resis- 
tant t o  the other antibiotics but sensitive t o  &lr awciu. cm- 
enterhalimentation v i a  plest ic  tube with a high protein, high vitamin, high 
caloric f d  a d  E t y c i n  therapy against the Mection c w t e d  ~n 
complete smfacing of the granulating areas in 1 Eitage. 
united sufficiently t o  perxiit limited ambulation. 

L o g m ~ p e n n i t  c r i t i c a l  stlay of the i r  possibi l i t ies  f m  raps sepuestra- 
t ion of burned eschar. 
bones i n  the i n s t m e  of compouDa fracture complicating burns is bein& 
iwestigsted.  
microorganism resis tant  t o  other druge are evaluated 88 they are developed 
t o  the stage of c l in ica l  trial. m e  such agent, erytbrmycin, has recently 
been subjected t o  l a b d E t O I y  and c l in ica l  trial. 

The fracture had 

FUl’W. The availabil i ty of proteinases developed by Altemeier and 

The  feas ib i l i ty  of FntrsmedulLary fixation of lctlg 

Hew antibiotics for the control of suppuraticpl caused by 
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Project  Yo. 6-59-12-21 
Contract Yo. W - L ? 5  

Tye.-tment of Burns 

ET. ~ T Y T  S. Allen 
'Jor%?nestern University 
C ~ C ~ O ,  ni. 

- BRIEF. The prpo"e is t o  neb comprotive c l in ica l  studies of the "expo- 
sure method" and clossd methrds ?f trestrrent of burns, with emphasis on the use 
of pressure  dressings. The t iue -co lase  for natural recovery of t h e  c imulat ing 
proteins and formad bloed elements, as related t o  ths size and severity of 
b u r n s ,  w i l l  be determined; attempt will be made to  use t h i s  information t o  
formulate general d e s  fur transfusions and protein replacements, ?:hen the 
number of camnl t i ss  1s t m  large to  fol low cases by lahoratory examinations. 

Draw the qaarter s m i n g  31 f.lerch, 66 burn casss were hospi- PROXESS. 
te l ized .  
thlckness bums. 
children b s c a ~ ~ ~ s  of the high k i d e x e  of upper respiratory inf.ections and acute 
contagious disesses, rhic!~ fiave beea especially troublesome. 

This pmq~ d l d  3ot show a9y unusual incidence of shock or whole- 
M s  perid paved very d i f f icu l t  for management of burns i n  

The study of c p n  fractures 83d whole-thickness burns i s  being completed. 

The n w  burn drerrslng fir- been used on a l l  t y p s  of cases during the past  
6 months. 
submitted. 
t he  f i n e  mesh gnue, whlrh makes it inpossible for t h i s  dressing t o  become 
effective. 

Unforttmstsly, i t  dws not f u l f i l l  require~nents which irere originally 
Part of ths d i f f i c u l t y  is due to  the fact  t ha t  the  cotton is next t o  

The  attempt W M  d e  t.o :ollon various outlines for shock therapy on burned 
pa t ien ts ,  but it h a s  h o m e  EpFe-ent that one cannot uniformly use a formula, 
par t icu lar ly  for the chi ldren.  
problem. 
with the  futility of rsl..piry u p  a formula fo r  their  manegement. 
because of their p e n t a r  Slocd ~olurne, it i s  f e l t  t h a t  there  is a possible expan- 
sion end contrsetiua of blnrd v o l m  xMch has compensated for  over- or  under- 
treatment. Such a coripnsgtin by chFldrsn is not poss ib le ;  therefore it becomes 
necessary t o  proprly t r e a t  children for burn shock by observing them f o r  c l i n i ca l  
s igns which can be ensib correlatal with urinary output, etc .  It has not seemed 
log ica l  t o  make then, t w n s  corrfma to  a formula, disregarding the veriations i n  
types of b w  and the variatlms of the indivilual's response t o  a burn. It has 
not seemed r lgh t  that  BO much relimce i s  given to f o r d a s  i n  treatment of burn 
shock. 
shock therayp in the m n t  of a catestrophe. 
or  r e l i m e  upon f d a ,  1s B pact ica l  appromh t o  t h i s  problem. 

?urn shock i n  children is a very d i f f i cu l t  
llnpone rho has t r e s t d  l a g e  numbers of childrer, becomes impressed 

In many adults, 

Thls applle8 not on17 t o  !.he isolated c iv i l ian  injury hut t o  prOp03ed 
It is not believed tha t  formula, 
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R o j m t  No. 6-59-124 
Contract Bo. AD-190 

NGT FOR PUBLEATION 
Report Date 30 June 1953 

Burns Involvina the b S D h a t 0 I - Y  Trac t 

Dr. Julius Comroe, Jr, 
Universitp of Pennsylvania 
Philadelphia, Pa. 

m. The purposes are: t o  define the nature of the direot and ref lex 
effect6 of heat and products of combustion applied t o  the upper and lower 
respiratory passages; t o  devise methods for  early diagnosis of damage t o  the  
lower reapiratorg tract; and t o  determice the effects of certain proposed 
nethods of treatment. 

PRCliW. Reflexes fr om the ResdratOm T r a c t  t o  Other Parts of the 
Besubs tm Trac t. It has bsen shown t h a t  54IEtrgptamine, a chemioal released 
during the disintegration of platelets,  can p r d m e  reflex bradycardia, -0- 
tension, apnea, and bronchocmstriction when placed in contact with special 
receptors me poesibillty of 
lmal  l iberation of t h i s  mater id  as a result of thermal i n j w  was consi8ered. 
S h e  then 5-OH-trpptaPrine has been injected intravenously rapidly In man t o  
determine whether similar effects would be produced by it In man. They were 
not. In man, apparently, 5-OH-tryptsndne stimulates oarot ld and aortic chemo- 
receptors t o  a much greater extent than it does the thoracic chemomeptors, 
and hyperpnea and hypertension predo&ate--iustead of apnea and hypotension, 
a8 i n  the cat. 
in the  lung of man leads t o  serious reflex disturbance. 

the p&Onq Or cdonarg C h u l a t i o n  of cats. 

It is still not known whether local l iberation of this substance 

Bronchologists and anesthesiologists believe (from c l in i ca l  impressions) 
tha t  s l ight  injury t o  larynz leads not only t o  lerp~gospssm but t o  bromhospaem 
as well. It has been reported from this l a b o r a t m  that intense t h e r d  i n j n ~ u r p  
t o  the  trachea and lower respiratory passages p r d w e s  a t  least temporary 
bronchial obstrmtion. 
the upper and lower respiratory t rac te  in such a way as t o  avoid damage t o  nerves. 
This .a8 acconplished by a 1ongitUainal incision of the 1- just  long enough 
t o  permit insertion of 2 soft  rubber tubes, 1 pointing upnssd toward the 
and the,other pointing downward t o w 4  the lungs. 
out: 
volume curves) a d  viscous resistance of the lung-thorsx were measured d 
b) irritants were applied t o  the loner respiratorp t r ac t  while the resistance to 
the flow of air through the uppr trsct was areastred. 
l o a d  seimals, no evidence has been seen of e a h ~ q  obstructkm. However, 
h i t a t l o n  of the upper respirat.org t r a c t  has prcduced reflex flattening of t h e  
pressma-volume curve of the lung-thmex (deoreased c o y l i m e ) ,  presumably 
h a u s e  of iffireased tone of the thoracic macles. 

Recently in ca t s  and dogs, it proved possible t o  separate 

Two vocedures were carried 
a) irritants were applied t o  the  upper tract while the colllpliance (pressure- 

To date, in Lightly chlora- 

This meY exPlai= the diffiaule 
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met 
has been @-passed by the prwcedure of intubation. 

EOM anesthesiologists in inilating the lungs even after laryngospasm 

A t r a c h s a l  divider WRS introdwed into dogs in smh a way tha t  Sir stream 
To date, the inhalation of irritants 

It is realized tha t  

t o  t he  2 lungs was completely separated. 
i n to  1 innervated lung has not been followed by any demonstrable airway obstruo- 
t ion in the other lung, which a l s o  has i t a  nerves intact. 
anesthesia sag be depressing pulmonary reflexes; the effect  upon airney resiatanee 
of inhalntion of lsild Irritants in  man i s  t o  be studied. 

3 t o  the 
A cuvette oldmeter has been obtained for continuous & g e r _ R e s x i r a t n  *-=A. 

aeasurewnt of a r t e r i a l  oxf@ saturation. A control box has been designed and 
constmcted end a l i s ton  G l i f i e r  has been obtained t o  p e r d t  recording of the 
arterial 02 saturation on the 6 channel Crass EB;, simultaneously with blood 
pressure ud r e s p i r a m  anasnrsments. The oximeter is being calibrated. 

In arder t o  test for the 
preaeaor or abaenoe of fumtiming pulmonm stretah receptors the animal was 
put into a body plethpmgraph wi th  the tracheal cannula conneoted to the outside. 
Respiration was recorded on a r a p l d l ~  moving paper. 
b h e s  of water) waa then created fnslde the box by suotion. 
s i s t e n t l y  slowed the resplratorp rate for 1 breath. 
c u t  or  blocked with proealna, this effeet was not observed but would return 
following rearral of the block. 

p h o t 8  of ? h e r d  InhrY uuo n l u n e  Reflexes. 

Negative pressure (about 2 

If the  vagus nerves were 
This manewer con- 

Follmhg the delirery of steam to the respiratory t rac t ,  8 of the 8 tests 
on di f fe ren t  ca t s  shord that  this  responae WEB no longer obtained, thus indicat- 
inp t ha t  beat injury had LnactiraM the p a l m o m  st retah reflex. 
7 oats ,  emplqing & by the 
lead t o  any change in the Bering-Breuer pulmonq stretoh reflex. 

Ten t e s t a  in 
technique and at  the same pressure, did not 

Ufscts on Inna Comllame. Determination of the slope of the lung complisnce 
o w e  waa a t t o q t e d  warning  the intrathoraob venous pressure at  the moments 
of apparent mro f lw obtahed a t  ead-expiration and ed-inspiration. 
volume and pressure changes bet.een these 2 points could be obtained and charted. 
Steamlng deolrased temporarily the slope of the lung compliaace curve. 
of steam m a  imreased 
aspirat ion f r o m  the traehea a d  larger broMhi. 

The obswed  changes in lung compllance may resu l t  from complete regiond 
closure of b n o h i ,  o b s t m t i o n  by edema, and/or changes i n  pulmonary blood wlw.  
The appearaace of these changes in a matter of aeconda after stearaing and the i r  
immediate k s j r m e s n t  would seem to  point tonard aomplete olosure of some b r o ~ h i  
as t h e  pri- effffit. Thls poosibfUty was demonstrated by deteraining the 1- 
oompliame o m  wlth and wlthont a rubber catheter advanced into a bronchue. 
There was a -ked flattening of the curve in the latter oass, with a return t o  
normal following removal of the cathetar. 

Thus the  

T h i s  erfeot 
the appearwe of froth and decreased by i ts  effective 



In  a f e r  oases, the preaaure-uolnme loop was measured during quiet breathing 
intrathoracio venous pressure; volume ohange before and aiter steam (pressure 

in thoracic volume). 
after the Inhalation of steam. This may be attributed to browhocoastriation 
&/or airway obstruction. 

A large inorease i n  the area of this loop was observed 

gee of Fadotracheal Tu bea. Further studies have been done, supplying air 
or 02 a t  lor flows t o  the lower respiratory t r a c t  through the traaheal cannula 
(Meltzer-Auer technique). 
tube and t o  use lo r  rates of flw, hyperinflation of the lungs occltps, along 
with an increase in intrapulmowry pressure and i t s  attendant oardiopulmowry 
effeots.  
tory t r a c t  because tracheal edema rill severely U d t  the s ize  of the traoheotow 
tube; further emroaohment upon the h a y  by a motion tube or an q g e n  oatheter 
aay lead t o  w r i n f l a t i o n  of the lungs. 

miless great oare is taken t o  introdwe a very amall 

This danger i s  a real one In patients with burns of the lower rsspira- 

m. gmphaaia rill be placed on the prodmtion of severs enough heat 

It is planned t o  evaluate aerosols (antifoam agents, 

injury to the lwer respiratory t r a c t  t o  prodme some pulmonary edema end a 
decrease i n  arterial 02 saturation (measured continuously by a aurette oximeter, 
recorded ae desoribed). 
bronahodilators, vasoconstrictors), positive pressure breathing, apd asphat ion 
as therapeutlo measures. 

It is hoped t o  study the effect of inhalat im of hot air saturated with 
water vapor and sild respiratory irritants upOn unanesthetised man. 
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Project No. 6-59-12-21 
Contract 110. (Navy Contract) 

BOT Fa PWLJCATIOli 
Keport Uate 9 June 1953 

Thermal Burns 

ET. a v e r  Cope 
kss. Cen. Hospital 
Boston, Fqbss. 

E D .  The objective is to study the local burn and i t a  e n d a t e  in order 
t o  determine the basic dsrangemnta a d  t o  develop loca l  therayp. 
s u n  grafts as a temporary life-eaving measure are t o  be investigated end metab- 
o l i c  stxdies,  using radioactive tracers are  t o  be made. 

Romlogoue 

PXCGRESS. (Semiannual report t o  31 December 1952). The studies are 
divided in to  4 aspects: the wourd, shockj metabolism, and infection. 

A. The Womd. 

Effect of Temuerature and Humiditv an the Rate of Wound Hem . T h i s  
is a basic project directed toward a solution of the problem of the open versua 
closed treatment of the burn round. A presumed dventage of the closed therapg 
is tha t  the bandege protscts the wound from constant baoterial  contamination. 
The nourd, horrever, is maintained w a r m  and moist by the dressing, ami these 
conditions encourage bacterial  generation and growth. 

The open therapg, on the other hand, exposee the wound t o  oontinual 
These bacter ia l  contamination; but the wo- is cooler and tends t o  be dry. 

la t ter  conditions should tend to l imit  bacterial  growth. 

The temperature and numidity of the wound should also d f m t  the r a t e  
of ep i the l i a l  generation and sjread. 
t i o n  of ep i the l ia l  c e l l s  end their  spread over the surface of the wouad. Coolneas 
and a w i n g  of the wound w delay c e l l  multiplica5ion and spread. 
m o t h e s e s  are correct, the advantages of 1 mathcd over the oteer may be oauoeled 
out by t h e  disadvantages and the 2 therapies may be equal or  nearly equal in the 
long run. 
the  bedside which controls temparature and humidity. The arm or leg of a patient 
on whom a donor site 
chamber and the r a t e  of healing s t d i e d .  
wounds end free of clinical infection. 
ep i the l i a l  regeneration. 

A warm moist nomid may SM the multiplioa- 

If theae 

There HBB devieed here an air-conditioning apparatus t o  be used at 

has been mede can be maintained i n  the &-conditionlug 
These wounds are controlled surgical 

The observations, therefore, relate t o  

Wourd H e a l b  i n  Patients with Cushinrrls Disease . Exeessive adrenal 
c o r t i c a l  ac t iv i ty  induced by ACTH has been found by others t o  d e w  fibrous 
healing in animals. 
reaction in patients with arthritis treated by ACTH and cortisone and uncontrolled 

In this study there was noted repessed i n f l a n r m a t q  
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infections i n  patients w i t h  Cushingls disease, a disease due t o  exoessive 
adrenal co r t i ca i  hormones. There has also been noticed an wcasional florid, 
i n f lma to ry - l ike  reaction i n  the healing surgical r o d  in a patient rho has 
been relieved of Cuahing'a disease by resection of' an adrenal omtical adenoma. 

A steady stream of Cushing's disease cases t c  t h i s  c l in i c  suggested 
the advisability of observing wound healing during the phase of active hyper- 
cortinism and comparing it with the pos tadrena lec tq  phase when the  disease 
i s  i n  abeyance. 

E. Shock - F l u i d  Therapy. 

Whole Blood Versus Plasma as the Colloid Theraw of Choiog. 
question is  being investigated from 2 angles: 
viscosity of high hematocrit blood on blood flow, and b) a better laborat- 
mthod using radioactive chromium t o  deteraine the  red c e l l  mass aal the need 
f o r  red c e l l  replacement. 

Thia 
a )  t h e  e f fec t  of the  rising 

a )  The hematocrit of the whole blood rises as a r e su l t  of a burn. 
If whole blood rather t h a n  plasma is used as the collcid replacement therapy 
of the  burned patient, the high hematocrit i s  maintdned or further elevated. 
The viscosity of the blocd varies direct ly  w i t h  the hsmatocrit. 
in experimental and human burns. 
viscous blood retards blood flow. 
increased viscosity it m u s t  be recognized tha t  the more viscous blood w i t h  i t s  
high hematmrAt has a greater than normal owgen-carrying capacity. 
permit greater oxygen u t i l i za t ion  by the tissues and although the blood f l m  
was reduced the tisaues might receive t h e  same munt of oqgen. 

T h i s  was tsue 
It remained t o  be shown whether the.mcro 
Even i f  the blood flow is retarded by the 

This could 

I n  burned dogs there was measured the blood flowing out of the 
severe3 i n t d  jugular vein. 
reduced and also the oxygen u t i l i za t ion  from each CC. of blood was increased. 
These experiments do suggest that the 2 effects may cancel each other out, 88 
f a r  as oxjgen u t i l i za t ion  is concarned, but they show such variation t h a t  it is 
not possible t o  conslude whether l i i h  hematocrit blood is good, bad, or indifferent. 

'The b l d  f im at the m e  viscou~ blood W irdaed 

The blood flow methbd i s  full of loopholes. The organ chosen, the  
brain, may not have been a good choice, 
identical, apparently controlled circumstances. 
organ, perhaps using another method for t h e  measurement of blood flow, needs t o  
be examined. 

The flow of blood was variable under 
The circulation t o  another 

b)  The use of radioactive chromium introduced by the Harrrard B i o -  
physical Laboratory in the measurement of the red c e l l  mass has been confinned 
here t o  be the most accurate method available. 
indicated tha t  not more than 18 of the red c e l l  mass i s  hemolyzed by an exten- 
sive hot water burn. These observations tend t o  confirm earlier ones tha t  USSd 

Rperiments i n  burned dogs 
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the  dye volumes nethod F& a r e  a t  varimce v i th  those of Evans, u s i n g  the P32 
red ce l l  measurement. 

The blocd volume of monpre dogs mas determined before and after 
severe t h e r m a l  burns 
memared difference i n  blood volume has been used as a measure of erythrocyte 
destruction. 
upon the  severity of the burn. Meht dogs subjected t o  50% body surface burn 
( imers ion  i n  r a t e r  a t  F5O C. for 33 seconds) showed an average erythrocyte 
destruction of 8% of the original red c e l l  volume; 3 dogs sub ected t o  50% 
body surface burn (immersion i n  ra ter  a t  8 5 O  C.  for 3 minutes 3 showed an aver- 
age erythrocyte destruction of 39%. 
des t rmt ion  of muscle f a r  nore severe than tha t  usually observed i n  chence 
thermal burns L7 humans. 
dog i n  L t o  6 hours end is f e l t  t o  be comparable t o  the Rd-degree burns 
commonly observed i n  c!mnce thermal burns i n  humen beings. 

Probably t h e  red cell destruction caused @ severe thermal burns 
i n  humans is of the order of msgnitde of 8 t o  loth of the or iginal  red c e l l  
volume. Determinetions nf the red cell volume in burned human p a t b n t s  are 
being done by the Crg erythrqte-ta&ng technique developed in t h i s  study. 
A r a the r  larp series of deterdnations i n  normals md i n  burned patients sill 
be needed before conclusions can he dram. 

i n j e c t i o n  G f  Cr3'-tsgged red c e l l s  and the m a x i m u m  

The m a r l r m v l  erythrocyte destruction has been found t o  be dependent 

Tine ?-minute immersion causes a deep 

The -3-second immersion ia l e t h a l  for an untreated 

The chromiulr nethcd has a l s o  been used c l in ica l ly  i n  9 patients 
with extensive burns. 
t h e  burn i s  p o b e b l y  not mar  10 to  12% of the expected normal mass for these 
pat ients .  
shock therEFp of the burned patient would therefore seem t o  be minimal but more 
pat ien ts  noed t o  be studied. 

)?ere agdn the w s s  of red c e l l s  destroyed i n i t i d l y  by 

The need for &ole blood or red c e l l  replacement i n  the i n i t i a l  

This ne96 for red c e l l  replacevent in the 1st hours after injury 
son t r a s t s  sherplp m i t h  the l a te r  need for red c e l l  replacement os  infection 
develops i n  t h e  -OUX?E. 
l o s t  rapidly end trenendous voluws 0: whole blocd are needed. I n  pa%ients 
with extensive i n f e c t &  -ou?ds as much and more than 500 CC. of whole blood per 
day may be r e p i r e 5  f r y  1 nr m r e  seeks a t  a time. 
of more pat ients  i s  being cwrisd r u t  as laboratory t i m e  and f a c i l i t i e s  permit. 

I n  t h i s  l a te r  phess, after 48 hours, red ce l l s  m a y  be 

A continued detailed study 

Memo Velum p.qd Veed for  F l u i d  Theram - Radioactive Sodium Versus - Thiocyanate i? the :basupnent of Extracellular Space. 
extsnsivo observetions re re  done i n  patients comparing tho rise and disappear- 
ance of edom volule. 
expanded Fora b r i s q v  m d  t n  a ver . te r  volume than the thiocyanate space. 
fu r the r  observst1rn.s th ie  h$s not proven t o  be correct. 
still mennure  t h e  s e m  SFBCC. 

Using both methods, 

?'le l e t  iTression was t h a t  t h e  radiGfmthe ?odium space 
? i th  

Differences mere due t o  lahoretory diff icul t ies .  
The two ions apparently 

. I* ,.- 
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Edema Volume and Need f o r  Sodium i n  the Sncck Therapy of the Furned 
T h i s  new phase, a re-investigation of the need f o r  scdium i n  shock pat ient .  

therapy of bmned patients, mas inst i tuted because of the high m o r w i t y  ra te  
i n  burned children treated under the present concept and i n  order to t e s t  t h e  
views of pediatricians e t  this hospital who are authorit ies i n  f l u id  and electro- 
l y t e  therapy of c h i m e n .  Some workers have f e l t  t h a t  large amounts of sd im 
in the form of sodium lactate  f o r m  the crucial  element of the shock therapy of 
hurns. 
the normal concentration of extracellular f luid i n  an amount equal t o  the 
expected burn edems volume. Bun edema is  an obligatory edema. 
give a volume of f lu& equd t o  the volume of burn edema would result i n  dehydra- 
t ion elsewhere i n  the  body. Failure t o  give an amount of sodium equal t o  t ha t  
i n  the obligatory burn edema flould resu l t  i n  sodium depletion elsewhere. 
amount of salium in excess of t h i s  would cause a higher t h a n  normal concentra- 
t i on  of sdim i n  hoth the burned and unburned parts of the body. 
has been that  survival of the burned patient i n  the i n i t i a l  hours after i n j u r y  
depends not so much upon *hat  happens i n  the burn wound as upon the unburned 
t i s sues  and organs. Healthy, normal action of these organs should depend upon 
the maintenance of a normal environment, which i n  turn should deperd on giving 
that  mount of sodium needed t o  mair.tain t h i s  normal state.  

The investigator's view to  date has been that sodim should be given i n  

F d l u r s  to 

b 

The belief 

The pediatricians believe too much sodium has been given. They point 
out tha t  the sodium given ' ' 9  theram must be excreted l a t e r  through the kidnays 
(a minor portion by the meat  glands) as the edema of the burn wound is resorbed. 
In some patients t h i s  edema resorption takes place rapidly a f t e r  the 36th  hour 
and when the edema volume i s  large t h i s  presents the kidney with the enormous 
problem of excreting all of t h i s  sodium. The sodium is a t  isotonic concentra- 
t i o n ,  a concentration too great far the kidney to  excrete. 
f a  excrstion and flooding of the patient is  prodwed. 
children have proven a most d i f f i cu l t  problem, achowlcdgedly more d i f f icu l t  
than the burned adult. 
t o  examine more c r i t i ca l ly  t h e  need for sodium as a par t  of f luid therapy. 

&tra mater is needed 
Extensively burned 

LY extensive ser ies  of experiments is getting under w a y  

C, Intermediary Ibtabolism. 

The w3despread changes i n  intermediaq metabolism of t h e  traumatized 
patfent continue t o  be emphasized. 
cortisone i n  the therapy of shwk, reference i s  made t o  the 2nd ar t ic le  l i s ted  
following t h i s  report. 

For a discussion of the role  of ACTH and 

Observations on the prolonged elevation of metabolic r a t e  encountered 
i n  the severely burned patient, i t s  re la t ion t o  the wasting of the patient, and 
the ro les  of the adrend  and thyroid have been published. The ebb and flood of 
the eosinophils in the burnsd patient and the i r  use i n  c l ln i ca l  menagement have 
also been described i n  print .  . 

PAttfarn of m i n a r y  Steroids. &e. bwis Engel and Ira ?lathanson con- 
t inue their  aollaboration i n  this stldy. There is  an i n i t i a l  burs t  of 
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17-ketosteroids which usually ceases i n  7 t o  10 d a y s ,  the level  returning t o  
normal f o r  the remaincler of the i l lness  and convalescence. There i s  a continued 
rise i n  the corticoids and, surprisingly enough, in the. estrogens. 
has n o t  previously been described. 
compared n i t h  those i n  several patients w i t h  Cusking's disease.  
comprehensive analysis and comparison with Gushing's disease w i l l  be a big atep 
toward understanding t h e  role of t h e  adrenal cortex i n  burns. 

T h i s  latter 
The findings i n  the burned patient w i l l  be 

The proposed 

The Intermedim Nitrogen Ratabolism (e reoriented and expanded project). 
A s  ~i part  of the steroid analysis end a s  a check on the .%-hour urine emretion, 
the urine of the burned p t i e n t s  was analyzed f o r  both creatinine and creatine. 
It was found t h a t  the burned patient excretes large quentities of creatine, a 
substance not present i n  the urine of the normal person. 
not previously been described, but has been confirmed I n  a l l  extensively burned 
patients thus far tested. 
nitrogen metabolism. 

This creatinuria has 

It obviously stems from an important derangement i n  

T h i s  finding has been extended in to  an analysis of the urine of burned 
patients fo r  the various amino acids. 
a greater than  normal quantity of t h e  few nonessential amino acids and of an 
equally great quantity of essential amino acids, none of which appear i n  the 
urine of normals. The excretion of both nonessential and essential  amino 
acids is larger t h a n  would be expected from the increased nitrogen excretion of 
the burned patient. 
emreted i n  the urine greater then normal, but there i s  an abnormally great 
concentration i n  the parti t ion of t h i s  nitrogen of nonessential and essential  
amino acids. 

There was demonstrated an outpouring of 

Therefore, not only i s  the t o t a l  amount of nitrogen 

The following is an abstract of a paper for  the American Society f o r  
Cl inical  Investigation: 

Seven hospitalized patients, extensively burned, were placed on nitro- 
gen balaices and t h e i r  urinary amino acid excretion studied bY paper chromato- 
graphy. The qualitative and quantitative aspects of t'nis amino-aciduria appear 
t o  correspond to  the severity of the burn. Though the greatest amino-aciduria 
coincides w i t h  the period of greatest nitrogen Zoss, it i s  out of all proportion 
t o  the l a t t e r  and suggests t ha t  i n  the negative dtrogen phase of burna the 
nitrogen-containing components are not excreted proportionallr. 

The amino-acidturia has been studied in 3 patients with active Gushing's 
disease i n  order t o  elucidate the role  of the adrenal hormones i n  producing the 
increased excretion i n  the burned patient. 

These exciting findings ied to  a study of the t o t a l  nitrogen ps ru t ion  

It seems cer tain t o  yield important information regarding the upset 
of the urine of the traumatized patient and of the patient with Gushing's 
disease. 
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i n  nitrogen metabolism going on as a r e su l t  of the trauma and the role of the 
adrenal cortex i n  t h i s  regard. 

The disposition of the S35-tagged amino acids i n  the bcdy fluids and 
The parti t ion of the tagged amino acid is 

It i s  hoped t o  
various t issues is being measured. 
8180 being quantitated i n  the patient n i th  Cushlng~s disease. 
determine again the role of the adrenal cortex i n  affecting the amino acid 
dist r ibut ion i n  the body. 

D. Infection. 

The 1st  ac t iv i ty  i n  t h i s  f ie ld  i s  t o  document the bacterial f lora  and 
t o  carry out repeated b l o d  cultures i n  some of the more severely burned patients. 
The 2nd project i s  a p i l o t  study of the uee of a high* bactericidal agent, a 
mercurialated cholesterol compound believed t o  of fer  much promise i n  certain 
types of infection. Being f a t  soluble, it can penetrate the membranes of bac- 
ter ie .  Vercurial compounds, however, are  potentially toxic t o  the organism i f  
absorbed i n  excessive quantities. 

F-. ?ark w i l l  be continned a s  indicated. 
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&end Dy sfmrtion followinp Thermal Injury 

Dr. Mlchael Dewey 
-lor miversity 
Amaton, Texas 

- BREW. The purp=se rf this work is t o  study urea, para-amino hippurate, 
insulin, and. rediocctlve sodium (24) clearancee i n  burned aniaals and humens 
and t o  correlate  these date with renal blood flow and urinary output, i n  order 
t o  determine the e x t e n t  of renal dysfunction following thermal injury. 

bldded i n  t h i s  report is a summgry (as of 28 February 1953) 
of recent renal function atu3ies f n  severely burned patients. 
s tud ies  on 6 severe4 burned patients, glomerular f i l t r a t i o n  ra tes  tend t o  be 
normal or increased. 
within normal limits. 
As i n  previour, work here, data obtained suggest an elevated glomerular f i l t r a t i o n  
rate &wing the e a r l y  scuta phase of adequately treated burned patients. 

There haa now been standardized the equipment necessary for  performing 
w i t h i n  this laboratoq determinations of the whole blood volume. 
u t i l i z i n g  radioiodinated buman serum albumin end a Texas well-type counter, is 
no11 i n  satiefcctory operation after i n i t i a l  difficult ies.  The Radioisotope 
Lsboratory, Veterans Admipistration Hospital, Houston, gave technical advice. 
This report  also includes renal function studies of 6 patients who received 
1000 CC'S of PVP dni ly  for n total of  6000 CC'S. In 4 out of 6 instances de- 
creases  i n  the T u p  were o b e e d .  It i s  believed that  these decreases are 
transitory, but t eir cl inical  significance remains t o  be determined. 

PROCRESS. 
I n  these 10 

Determinations of renal plasma flow are  for  the most par t  
h i m 1  tubular emretow capacity fa normal o r  elevated. 

This technique, 

Additional stulies on magnesium metabolism suggest t ha t  magnesium may 
replace potassium within the cell. 
of magnesium intravenously demst re ted  a consistent gradual rise i n  serum 
potassium from an average of 3.77 mE9/L to  L.06 mFq/L a t  24 hours. 
35% of the Injected magnesium was retained a t  the end of U. hours, a major por- 
t ion  of t h i s  being w i t h i n  the cell .  Clinical s tu l ies  confirmed the relat ive 
r a r i t y  of nmgnesium deficiency and emphasized the r i g i d  control t o  which the 
eerurn level of t h i s  ion is subject. rnermagnesemia was obsemed in 2 instances 
associated with the renal retention. 

h e l v e  patients given 1/10 gram per kilo 
I 

Approximately 

I 
I 
I 
I 
1 

F-. It is bellwed that the pattern of renal functional. response i n  
the adequately treated eeverely burned patient i s  now well-established, and 
furthermore the OecurreIlce of iacreased ra tes  of glomerular f i l t r a t ion  I n  the 
eucaesafully treated burned patient i s  assumed t o  be beneficial, favoring high 
levels of winery fluw. Revioua work here and elsewhere adequately demonstrated 

€2 

IL 1 Washington National Record Center 
Oflice of the Army Surgeon General 
Record Group 112 
Accession #: /j.77.- > i  [ ' , < ,k )  



t h a t  ol iguria  associated w i t h  sh-k, as a physiolO@ entity,  1s characterized 
by redwtion in glomerular f i l t r a t ion  rate, r e n d  plasma flow, and tubular 
function. It is well-established tha t  t h i a  redwtion i n  renal function is 
primarily associated w i t h  a reduction i n  circulating blood volume, the correction 
of which is followed by an increase i n  renal function. 
however, correction of circulating blood volume m y  not be followed by improve- 
ment i n  rena l  function and it is conceivable tha t  the propsr us8 of a ganglionic 
blocking agent such as hexamethonium might relieve the renal vasospasm and thua 
improve rena l  function. It is recognized that  t o  be of benefit t h i s  agent, m u a t  
be applied during the early hours p08tinjuq- before anoxia of sufficient degree 
has occurred t o  interfers  with tubular function and a f t e r  blood volume has been 
repleced. 

In cer ta in  instances, 

It is hoped t o  gain information with regard t o  t h i s  concept. 
I 

I 

Using the multiple blood volume technique, frequent precise determinations 
of t he  t o t a l  circulating blood volume, t he  t o t a l  circulating red c e l l  mass, and 
t o t a l  circulating albumin are carried out  at frequent i n t e r v a l s  p o s t i n j q .  It 
is hop& t o  establish the normal response of the  M y  t o  injury with regard t o  
these factors end t o  determine what effect, i f  m, the  addition of plasm sub- 
s t i t u t e  t o  therapy has on t h i s  fundamental physiologic response. ! 

It i s  planned t o  evaluate the c l in i ca l  effectiveness of cer ta in  dextran 
frections, prepared under the  direction of N E ,  d t o  compare their  effective- 
ness w i t h  tha t  of the current dextran containing a broad span of molecu lar  
weights. 

i 
I 

I 
I 
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HOT FOR PWLDCATION 
Report Date 3 June 1953 

Wracellular and Total W Uater Exchange b t e e  folloriqg 
Thermal Wun and other h a m  

h. Ben J. Wilson 
Southestern Wkal School 
Universib of Texas 
Dallas, Texas 

-. The objective is to condmt stm3les of ext race l lubr  and t o t a l  boas 
water emhange ratee following thermal i n j q  and other trauma. 

Progress consisted mhlr of refinement and adaptation of e q u i p  
mnt presently available for  determinations of rd ioaa t ive  335 aad deuterium 
oxide; iu the development of suitable d i f f e ren t id  and integral  equations t o  t+ 
employed In  corpputing the mltiphase equilibrium c m e s  for the determination of 
transcapillary mement  of extrezellnlar rater, total bcdy rater, and intra- 
vascular water; and l a  the training of technicians. 

from blood were checked m d  fomd t o  fumtlon satisfactorily. The falllng drop 
apparatus has been completely rebailt fo r  greater aaoaraay. A apechl rmn ha8 
been construated E r the apparatus, and other improvements made. 
determination of Ss5 has been d i i l e d  using a Geiger-&iller ( G S - 6 )  waler a d  
a Q-gas flmmeter so tha t  10 t o  15 samples of aerum q be util ised for the 
determination of the distribution-quillbrlum c m e  for each patient. 

Relidnarg deterahet lons of the d i s t r i b J ~ o n - q u i l i b r h  o m s  for S35 
M i c a t e  that  ii iroa 100 to 200 microcuries of ~ 3 5  ere  injected intrarenousv 
i n t o  an lndlridual, the c m e  @ssb takes the form of a 2-phase iunotion. 
The i n i t i a l  rata is r e p u  and tends t o  assume an asymptotic form in  about 1 5  t0  
20 mbutas. The 2nd e l m  myuptotlo phase of the curve laey represent loss from 
the intravascular f l d d  i n  the form of w r e t i o n  of urine, intraoellulsr  entry, 
or extracellular extravascular pooling or exchange, or to a leaear degree, d m q .  
The transposition of the movement of sxtraoellular watsr, uti z h g  the Shgle- 
phase exponentid partion of the c w e  for distribution of S3y(sheats, G. c., 
aad Uilde, U. s., 
of the  e- for distributhm of deuterium oxide (Fogelman & &, 
1952), will reqpirs n d m b b  integratlon, solvlng In eech instance f o r  the 
constant of intagratlon n d  then  changing the equation to  m q n e n t i a l  form. 
The solution l a  in progress. 

PROZWhS. 

The lyophilizing and dis t i l l ing  t ra in  sgstema for the separation of water 

The method for 

I. of p s i o a .  u:687, 1950) ana the pre-a-totia rorn 
&$!:94, 

FUT[IRG. The ph88  are t o  observe the internal ra tes  of water em3- 
pat ien ts  aulfering from shock due t o  hemorrhage, severe salt-water def ie i t ,  
buros, d other trauma. Whenever possible, each patient w i l l  serve as his om 



oontrol following the institution of theram aal careotion or the pbsiologia 
derangements rhioh m a y  exis t .  Correlative obaermtions are to be &e upon 
the therapeuth effeatireness of intravenous a d t  solution and rhoL blood in 
restoring t o  normal the altered exchaage rates  which mqy obtain in ahook duo 
to  burns, eto. 
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Plasrr! Volrnas Expand ere  
6.BASlC FIELD OR SUBJECT I- 

'!a. REQUIRCMENT AND/OR JUSTIPICATlOW 
t i  

Intravenous flulde t o  expand the circulating blood rolumb would be ureently 
required in large amunts fo r  atomic oseuslties. Uhole blood and i t a  cel lulsr  
elements cannot be stockpiled became of ehort atorage l i f e  and insufficient 
mapply. Phcnaa, elbumln, and other derivlrtiver are a l ro  subJeot t o  llmltatione 
of etrpplJ and possible tranrPlieslon of haPologour rerum hepatitis. 
M e ,  effective, cheap plsams volume expandere vhich can be rtockpiled in large 
quantitler are urgently needed. 

Stable, 

21. BBTF aF Pgm Am, CWECTIVL 
8 .  - Brief .  The ObJeCtive 18 t o  bYe8timte the C b a r a C t d . . t i C r ,  pfy.8iOlO@C 
effect#, rraietz, and efficiency of the gelatino, OqpOQwlatirU, dertraas, and 
p o l p i g 1  pyfiolidoner and t o  develop new sad more effective plaemci volume 
erpan4ars. 

I n  the event of atomlo warfwe a mas8 of oasusltierr rufYerlng *an shock 
incident t o  burno, woundn, and hemarrhqe would present an l ~ ~ o d l a t e  problem of 
profound nmgnitude. !i!he w e  of blood an& blood derlnrtirer t o  bxpand the c i r -  
cnhtlag blood volume in the treatment of rhock is a well-erbblished principle. 
Available eupplier of blood and blood derimtirer t o  m e a t  t h i s  emergmcy would 
be ln8ufficient. It 10, therefore, lxperatlve that there be developed 8 suitable 
product or product6 which can be rrtockpiled for w e  80 plaom volume expanderr 
in an eu~mgency. 

The idem of preparing and ut i l iz ing  rolutiaae of ccapounde or lPsteriai 
h ~ I n g  the Colloldrml and omotic ~ h a r a c t e r l s t i c s  of pla- io not Jlbv, but no 
ocmpletely aat i r iectary plnemer volums expanderr have been found, The dlffical- 
tier hvolre the selection of a foreign material that will provide the desirable 
obarsc ta i s t lo r  of humM plaams and be cunpletely metabolized without pl?oduclng 
toxic QF allergic rsactlanr.  
ala0 hre r\lfilcient s tabi l i ty  t o  p e t  atorage, dlrtrlbution, and sdministra- 
tlan under rarlow environmental and srmsrgency clrcumBtances. The avallabi l l ty  
and coot slao require coneideration, 

To be practical, a plarnra volume expander rhould 

Bevsral potential  plasma expsnders, notably dextran, PVP, and rarioue @a- 11 ti-, a 3 ~  arailable but there are many Meolred problame connected with each. 
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clinloal gatianta, for rhook, an4 far i t a  effeots on patient6 vlth livae and 
Iddney dieearor. W i l l  btwelop a n ~ l y t i o  mothode for dextran in body tlreues 
an4 fltlidr. 

(4) U r a F e l t j  oi 1- - Dr. S. N. B-th ViU. in in 
haurrb@o dock the offoots of plaeaa expanders an cardiac output, UT- 
blood flou, renal functlaur, arterial urb ~d~ulus blood prerrurer, blood ~ ~ l m r ~ ,  
b* vator, body weight, appetite, and the caqpoeition of the blood. Animcr'ls 
w i l l  be follaped 8t loart 2 wee& t o  determlns rater of return t o  normd. 
latar the effectlvenerr of the planma expmderr in dshylrrtion and environmental 
rkese w i l l  be inveutlgateb. 

( 6 )  Ohlo State Unirersilq - m. R. It. Zollinger w ~ l l  do c ~ ~ t ~ ~ a t i v e  evalua- 
tione of the phmm erganbre in p t i e n t r  for the treatment of .hock due t o  
trsma, brana, or Bsororrhrge. Obrarratiolle w i l l  be aadb of clinioal r e a p w e ,  
local and myrtaric resotlaas, and effects m blood prearure, p&.aa v o l m ,  
cardlac output, plamm oenotic preeeure, blood coagulation, blood riroorrity, 
blood flov, hemolyrlr of red cella, Hbey functione, electrol.yte U c e ,  and 
acid-bare balance. The fste of the infweb expandrrr will be Inmrtl@sted- 
retention in the clroulstiaar and atorage in the retlculo-sndotheUal v a t a n ,  
m b  =tea and mleoulrrr elzoo excreted through the X b y .  

(7) Unirerrity of Wirconlrin - ~ k .  J. V, w i l ~ a a e  wi l l  invertigpte the 
distribution of molecular rizer in oaeparcial irrtra~enaue gelatin eoluticxu by 
dstenriniw redlmentation rater  Qnd oomtantr in the ultrscentriibge. W i l l  
develop a quicker lasthod tban the 1 week now required. Will detarnine the 
changer In molecular eicer of gelatine in rolutian which occur d.urln@ rtm'We. 

( 9 )  Hatiorrsl Aosds~iy of Sciencer (Dr. B. D, LBVrs80n) w i l l  r m e  as a 
canlira1 inforaration office far all phaser of the plaepa axpandare progmm, 
v o r i d i n g  %p-to-the-minute" infarmation to  inreeti@toae , Eationml Research 
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(21) -m UniVOrml ty  - p.ol B. BO--. TO dst- the relatianship 
betreen molecular r i t e  and, Shvvtzaa ac t i r i tT  of bdrolyrim f rac t lom of dsx- 
tran and carrelatloo r i t h  l o n k o p d a - p r o ~ c i ~ a &  capaoity. 

would ct2nai.t of chemical Ibaruramont of rate of dirappeorsnce frap blood 
8- a8 tolerance dsvelopr, the moaauremmt of dirappeamnce rate in 
~r& rerlrtant by ropoated in jec t lam of bacterial  pyrogslu, plum a rtudy of 
the effect  of so-cdlod reticula-endothell blocbrde cm thir . tolerance.  

It Will be detaminsd 
if tolerance me10pm far asrtraa'r shwartpan LLltlTlty 68 It boor far the 
.diriQ O f  OW b a C t e r i 4 3  w&Ctm. ShOUd tolsosnoe d b ~ ~ 1 0 p J  rPrthar 8tudiO# 

(23) Emory University Hospital - Dr. J. Szegsenwol viU study the effect of 
plasma expanders upon embryonic tissue in cultures in vitro. -- 
d Other InfOrnration. None. 

e. Background d / o r  Progress. Detailed stdies of the metabolic effects of 
dextrcm were begun at AElsGs in d e r  t o  widen the mope of knowledge concerning 
th is  plasme mibstitute. Liver function, hematologic effects, and influences 
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upon electrolyte and intermediary metabolism were measured; no effects  wool 
electrolyte or intermediary metabolism caa be demonstrated. Definite changes 
in the globulins w e r e  ahrrm by biochemical and electrophoretic measurements. 
Seccmlwy effects qpan the flocculation aod turbidity tests of l iver  Arnctiona 
w e r e  Been. 

Blout concentrated on the preparation aad study of the physicochemical 
properties of polymers of D, Galanine; 7$ egcams of polymer were prepared. 

have to be revised t o  take into account the small amoMts of halogen acid 
adduct which may (in effect)  neutralize the amine initiators . 

meliminary elrgeriments indicate that poly-D, L-alanine with molecular 
weigbt >l5,OOO may be water-insoluble in contradiction t o  published reports. 
Means are suggested for rendering it water-soluble. 

Observations indicated that the polymerization procedure used t o  date w i l l  

I 
I 

Eirich reported a new method of maswing diffusion constants was faurd 
promising, in conjunction with molecular weight measurciments, for a relat ively 
quick anb pertinent characterization. The light-scattering instrument haa been 
recalibrated as regards the wave lengths used. 

The copolymers with methacrylic acid showed pecul lar i t ies  a t  high and low 
acid content. Both types exhibited a reduced tendency t o  difArse through mem- 
branes. C o n t i n u e d  work on the kinetics of PVP polymerization in the presence of 
hydrogen peroxide and amwnia indicated the action of the RnrmMia seems t o  be 
011 the peroxide, with the moncuuer joining the complex. 

Rousselot stulied oxypolygelatin by Infusing l2 patients with 500 or loo0 cc 
of t h i s  expander; 30$ of the v o l u ~ ~  infused is los t  during the infusion, in 20 
t o  40 minutes. Only 15 t o  30$ of the Volume infused is retained a t  the end of 
6 hours; 6&$ of the OPC administered hae been excreted. The rapid excretion 
d consequent poor volume maintenance is due t o  the low average molecular weight 
of the aaterial. Frap the c l in ica l  data the molecular weight derived w a s  
33,000; that determined by fractionation and osmotic pressure measurements was 
30,000 t o  32,000. 
plasma volume expander because of its low molecular weight. 

It was therefore concluded that Bax te r  jS 23- is a poor 

Splenic t issue of chick enibryos 10 t o  li days old was cultivated in v i t ro  
by Szepsenwol in a medium containing dextran, oxypolygelatin, or pow%- 
pyrrolidone in various concentrations. 
growth. 
reaction of splenic t issue t o  the effect  of P W  seem t o  be m r e  intense than 
that of enbryonic muscle and l i ve r  tissues. 

O n l y  W P  seems t o  have some effect wan 
In its presence abnormal c e l l  divisions of various types appear. The 

Studies were made by V a r s  of the relat ive effectiveness of polymeric glucose 
(DuPont) as a plasma eqmxler i n  dogs subjected t o  hemorrhage with M i a t e  re- 
placement. The present material gave a satisfactory response w i t h  respect t o  
blood pressure maiptenance, hemodilution, and +hour post-infusion BVI With 
the present material the excretion r a t e  was quite rapid, suggesting that improve- 
ment can be made by preparing a polymeric glucose of larger average molecular 



weight Plssma volume (T-1824) data were ah0  obtain& and ccapared w i t h  
eiauLlar observatiune upan dextran, 5$ albumin, and rallne controlrr. 

f Future PLaaS. The work w U  be contlnued 88 indicated. 

6.  References. Progrtae regorte of inetallation srd i m s r t % g a ~ a .  
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? Plasma Substitutes 

HlooKEss. I. Intramenaus Adminbtraticu of' Palymarl c Glucose t o  Man. ipine 
patie- been given 550 ml. of polyllleric glucose 
(E.I .  DaiPont De rSeawur8 a d  Coo Lot do. IE-1704-2-305 ~ ~ ) s o l u t i a n ,  by welght 
in uotonic m ~ . )  mety were chosen a t  randam and had various laedicd candi t iw.  
The only criterion used w88 the ability of the patient t o  tolerate the iafused 
voltone, salt content, and any possible untouard reaction. They continued t o  
receive their other medications and IloFmal feedings were maintained during the 

intrevenouely . 
I 

h a 6  Of the i n f u a i O a r e m  

a) Prior t o  the infusion the patient's temperature, blood pressure, and 
pulse were taken at intervals adequste t o  establish a base line. The skin wa8 
inapected tor prtseme 09 rashes, and an intradermal injection of 0.1 CC. of the 
P W  solution WBB nrde OD. the flexor surface of the forearm. The region of the 
in t rademal  reaction was watched for 20 minutes befare start- the infusion 
~ n d  reactions gradeti f rcm "0 t o  4 plus". 

t 

b) AJ.l intravenous soluticlDur were set  up 80 that the inArsed solution 
couu be altarsd from PMG to 
needle. 

dextrose in water at w i n  through a single 

L 9 

C )  Aiter allowing the 55 D/W t o  run in to  assure proper y h e m e n t  of the 
needle and smooth flw of the intrgvenaus apparatus, the infusion of PMG was 
begun . 

a) Routinely, approxinnrtoly 100 CC. of FWl were infused oyer 8n, eetimated 
20-minute period. Temperature, blood preesure, and pulse were checked a t  10- 
minute interval0 during t h i s  t ime.  At the end of this period the PbG infusion 
wae stupped and the !j$ D/W allowed t o  run in  at a slower rate. Over the next 
30 minutee, while the D/W was aUawed to  run in, temperature, blood pressure, 
aad pulse ani general c l in i cd  status were determined a t  l5-minute intervals. f 

e) If there was no significant change during this period the rensirder of 
the PMG solution (approately 45Occ.) was a ~ ~ ~ e c i  t o  run in continuously. The 
m i o n  rate varied iran 2 -)+ cc /minute. PIO effort was d e  t o  maintain the 
same exact rate In a l l  the patients, but i n  general each received his infusion 
at a steady rate. The evaluations PBObed continued. All observatioas were made 
by the saane exaninera 

12 1 



f) Follovjq,  the inArsions the patients temperatweer , blood pressures, 
and pulses were checked a t  3O-minute intervals for the nexk 2 hours, and then 
at &hour intervals through the night. 

6 )  The patients w e r e  followed for 96 h w s  for appearance of rashes, undue 
temperature elevation, and any change in clinical status which migbt be 
attributable to M. 

Results. a) Skin tests were done in 6 patients prior t o  infbian.  In no - 
patient was any reaction noted. A t  the end of 20 minutes the iqjectiun site was 
recognizable, but there w a s  a caaplete local absence of pain, pnrrit is ,  erythema, 
or swel.l.ing. 

b) In 3 patients, a temperature elevation of about 1.2% was noted during 
the infusion ar immediately thereafter. However, these pati'ents had occasionally 
been febri le  due t o  their basic disease process; the elevaticm was w e l l  within 
their diurnal variation. 
in i t ia l  6 hours varied less than 0.4%. In  no case did blood pressure or pulse 
vesy significantly. 

In the remaining 6 patients, temperatures over the 

e) No patient ewerienced any other obJective change i n  clinical status 
dur- the course of the Infusion; frequent questioniug revealed no subjective 
d i scmor t  

d) One patient develmed m i l d  generalized urticarial reaction with pruri t is  
36 hours after receiving PMO. Bcwever, he was also receiving penicillin sad 
s t r ep twc in  durlng t h i s  time. Skin tes t  with PIG at th is  time ahowed an ll-mn. 
zone of erythema end swelling but no local pruri t is  or worsening of generalized 
pruritis. Unfortunately this gatient had not been skin-tested prior t o  the 
infusion. The p m i t i s  and urticaria disappeared within 24 hours after dis- 
coatinuing antibiotics and antihistamines. Another patient canplain& of 
prusi t is  i n  the buttocks and upper thighs, associated with what  he described as 
a 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, ead the 
subjective canplaints had subsided. 

A t  this point, tbe series is obviously too s m a l l  for definitive impressions, 
but it seems that the incidence of M i a t e  reactions is low enough t o  warrant 
continuation of the study. 

~ L - W J Z I  ~n infusioa was prepared by mixing 500 a. of 
SL-b02) with 500 ail. of 4.6 PVP-Wcrose, K-26 (Scheuley 272~5). 

808 ml. of th i s  solutim was administered intrmwuly t o  a patient over a 
perid of 75 minutes. Vrlne, stool, blood, sxn3 ea-lred breath eamples were 
collected. The plasma vol- w s s  determined by the Evans blue dye method 
inanediately before and sfter the infusion and again about 12 hours later. 

D u r i n g  the Ist 24 hours folkwing the infusion, 5% of the administered 
PVP was excreted' in the urine. About 37'$ was excreted during the Ut 5 hours. 
D u r i n g  the 2nd dqr (24 - 48 hours), an additional @ was excreted in the urine. 
On the 3rd w, another 3.5% was excreted. By the end of 5 deys a total  of 7% 
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of the administered PVP had been excreted via the kidneys. 

(Dr .  Robert Warner of New York University measured the W P  content of the 
same urlne 6pecimens by a chemical method and found that '75% of the administered 

recovered by radioactivity lpeasurementrs .) 
> material was excreted in 5 dfurs. This chemical value compares to  the '(3 

There w a s  an apparent increase in p b m a  volume of 350 ml. iranediately 
af'ter the conclusion of the infusion (or about 85 minutes after the start of 
the infusion) A t  12 hours, the plasma volume w a s  equal t o  the control value . 

The initial. urine semples were sligbtJy blue in color, indicating same 
slight excretion of the Evans blue dye in quantities roughly praportimal t o  
F W  content of the urine. 
w i t h  the dye method in the presence of PVP requires further study. 

The significance of the plaema volume measurements 

These final data concerning the excretian of K-26 PVP differ from pre- 
liminary data in which the $ excretion was calculated from the values supplied 
by the manufacturer. A s  measured by Dr. Warner and this laboratory, the actual 
PVP content of the YVP solution given was about 1 6  greater than the value 
sqpplied by the mnulkcturer. This fact, along w i t h  minor radioactivity inter- 
calibration differences between the laboratories, accounts for the lower value 
of the K-24 PVP excretion 3iven above. 

I11 . Stuiies w i t h  Endogenously Labeled Human Plasma Protein . There is 
very l i t t l e  information available cancerning the metabolic fate of human 
plasma protein after infusion into a recipient in the form of whole bloob, 
plasma, ar any plasma fraction. Methods which involve separation of the 
various protein fractions of the plasma by chemical procedures may conceivably 
alter the protein so that it differs frm the native material that circulated 
in the biood and, on infusion into a recipient, may exhibit an altered metabolic 
behavior. This reservation also a lies t o  methods that label a p b m a  protein 

by which to  determine that the labeled protein Z'raction behaves in a biologi- 
c a l l y  identical fashion to  the native circulating material. An attenpt is being 
made t o  investigate th i s  problem by in-vivo leibeling or the plasma protelns In 
the human w i t h  C1')-ILabeled precursors. Thus there can be l i t t l e  question that 
the label 16 attached to  the protein in a physiologic manner, and that its 
subsequent biologic behavior is not altered as a result of? any chemical manipu- 
lation. Several prelimbary experiments have been peflarmed. Several patients 
were given radioactive carban-labeled acetate, glycine, or methionine and the 
radiotxtivity of the* plasma proteins measured over a prolonged period. 
dditlon, the activity of the albumin and the globulin fractions w&8 measured 
aver the stme period. There is a characterustic rate of change of 6 ecific 
activity a the serw proteins ater the acininutratian a either clg -acetate 
or &cine; the albumin fractlone cmsistently seemed t o  turn mer more slowly 
than the globulin fractions Fractionation 01' the plsama into the alpha and 
beta lipoproteins indicates that the protein component or these fractions turns 
over at approximately the oame rate. Further exploration of this  p r o b h  is 
in  progress. 
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DEVELOfUFNT PROJECT CARD (NEW PAOJ 
1. PROJECT TITLB 

Blood an d Blood Derivativy 
6. B A S l C . P I B L D  OR SUBJECT I 

u n 5  

Basic W i c a l  Science Investigations, Authorized AU-6 
0. COGNIZANT AClNCT __. ---. ... r ( R  L m  CONTIACTIV. 0. NO. 

I The Surgeon General, DA 
0. DlRCCTlNC ACRNCT See below 

Traumatic wounds and shock are among the most important types of casua l the  
suffered i n  wartime. Treatment almost invariably requires the use of whole 
blood or blood derivatives, such as plasma or albumin. Bleeding and intravas- 
cular c lot t ing are  important complications of traumatic wotads and ehock, and 
are frequently the cause of death i n  these cases. Among problem inherent in 
blood transfusions and the admlnistration of blood derivatives are tranafueion 
P reactions, lower nephron nephrosie, and homotlogoue 
s e a m  hepatit is .  It is essential  tha t  research be condmted t o  solve some of 
these problems and t o  develop means of combating hemorrhage a d  intravasotilar 
c lot t ing . 
a. Brief. The objective is t o  study blood and blood derivatives with emphaels 
on the i r  therapeutic use i n  traumatic wouds and shook, aad t o  investigate nay8 
of reducing or eliminating transfusion reactions and other w&sb-tible eifects 
of these materials. Techniques w i l l  be devised fo r  frmtionating, preserdng, 
a d  storing these materials. 
investigated. 
intravascular c lot t ing and methods rill be developed t o  promote c lo t t ing  aad 
t o  prevent intravascular thrombosis 

The basic mechanism of blood c lo t t ing  w i l l  be 
S t d i e s  w i l l  be conducted t o  elucidate the fmtors involved in 

Recent trends i n  surgery show an increasing use of blood and blood deriva- 
t ives  i n  the treatment of a l l  types of wounds and especially in shock. 
has placed an increasing load on the blood banks and has also increased the 
number of cases of transfusion reactions and complications From plasma euoh as 
homologous serum hepatitis. This increased use of blood and blood derivativee 
made it necessary t o  devise weys of preserving blood for longar periods aad led 
t o  m a n y  attempts t o  separate the formed elements from plasma. 
directed toward techniques of fractionating plasma into Its components are highly 
important in order t o  increase the available supply of these materials lq 
separating the various constituents and thereby permitting longer storage and 
better preservation of whole blood. It is urgent t ha t  research e f for t s  be pushed 
i n  order t o  provide adequate blood and blood derivatives in the event of ma88 
casualties from atomic warfare. Burns and radiation injury which represent a 
large Dortion of casualties from atomic explosions also require t he  Uberal use 

This 
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organs incident t o  ionizing radiation. 
portion of the casualties which occur from both conventional and atomic warfme, 
and hemorrhage and intravascular c lot t ing are important complications of these 
injuries.  If i s  therefore extremely important t o  investigate the basic mechanism 
I n  the  processes of blood clot t ing and t o  devise means of preventing intravascular 
thromboeis . Recent investigations have shown tha t  many heretofore unrecognized 
factors  are operative i n  the blood clot t ing mechanism; many new preparations are 
admated both t o  promote clot t ing where hemorrhege i s  a problem and t o  prevent 
intravslscubr clot t ing where intravascular thrombosis is  a l ikely reaction. It 
i s  essential tha t  these basic mechanisms be worked out and tha t  the new prepara- 
t ions be investigated fur ther  In order t o  develop better methods. 
a lso  Indicate tha t  it may be possible t o  separate, preserve, store, and l a t e r  
reconsti tute f o r  use t he  various elements of blood, such as red cel ls ,  white 
cells ,  and various fractions of the plasma. These important leads must be followed. 

b. Detailed studies w i l l  be conducted on means of separating the 
various elements of blood and developing methods for preservation and storage, 
and for  the s te r i l i za t ion  of plasma t o  inactivate the virus of homologous serum 
hepatit is .  Investlgatione w i l l  be conducted on the basic mechanism involved i n  
the  process of clotting. 

Traumatic wounds represent a considerable 

Recent effor ts  

Amroach. 

The ultimate aim i s  t o  provide adequate amounts of blood and blood deriva- 
tives whlch can be eafely administered t o  patients requiring these materials. 
It is a lso  aimed t o  c lear ly  elmidate the many factors involved i n  the blood 
clot t ing mechanism and thus t o  develop methods for reducing hemorrhages and 
eliminating the common complication of intrclvascular thrombosis . 
C. Subtasks: 

(1) Massachusetts Ins t i tu te  of Technologg - Dr. David F. Waugh 

To investigate the structure of the f ibr in  c l o t  and the effect of ionic 
strength, pH, eta. on t h i s  clot .  
clot accelerators and inhibitors and the i r  modes of action. 

To determine the quantitative effects of various 

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

T h i s  study is directed toward the isolation, purification, and determina- 
t ion  of the properties of rrccelerator globulin and antithromboplastin. Attempts 
w i l l  be made t o  prepare both of these c lo t t ing  factors from plasma i n  the purest 
possible form. 

(3) Wayne Universitv Collwe of Madicine - Dr. Charles L. Schneider w i l l  
study problem related t o  the h i t i a t i o n  of blood coagulation with particular 
reference t o  platelets  and the p la te le t  accelerator, the factor  i n  platelets  
which Influences the interaction of thrombin and fibrinogen. 
which can be regarded as being fai r ly  specific will be emphasized. 

Those activities 

(4) Purdue Uriiversitz - Dr. Edah T. Mertz 

Thia s t d y  is directed toward the isolation and puruicat ion of pro- 
f ibrinolysh, f ibrholyein, and anti-fibrinolysin, and toward determination of 
the physical and chemiaal properties of these substances. 
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(5) Bayme HosDital & DisDenSarg: - D r .  Ancel U. Blaustein w i l l  study the 
e f fec ts  of heparin, dicumarol, tromexnne, and Linkvs compound 63 on the t issue 
changes i n  experimental f rostbi te  i n  animals. 

Harvard Medical School - Dr. Herrman L. B l w a r t  w i l l  study the 
"autocatalytic factors" i n  the pathogenesis of intravascular clotting. 
purpose i s  t o  obtain under controlled conditions, and using new precise analytic 
methods, quantitative data on autocatalytic accelerators In  the in-vivo clot t ing 
mec hanism. 

(6) 
The 

(7) PennsTlvania Hospital- Dr. Jerome M. Waldron w i l l  study the clot-  
accelerating properties of orally ingested fat .  
mechanisms and thrombotic phenomena, i n  particular, the antiheparin effect  of 
oral ly  ingested fats, w i l l  be studied i n  humans, since bleeding i n  irradiation 
injury cases i s  supposedly due t o  an increase i n  circulating heparin. 

The re lat ion of f a t  t o  hemostatio 

(8) Harvard Medical School - Dr. Benjamin Alexander 

This study i s  aimed a t  the purification of prothrombin, thrombin, and 

I f  purification methods prove satisfactory, the chemical and physio- 
AC globulin, and an investigation of the i r  properties and interaction i n  isolated 
systems. 
logic properties of these components w i l l  be studied, Qshg radioisotopea. 
Antihemophilic globulin w i l l  be assayed by 2-stage prothrombin consumption t e s t e  
on hemophilic blood. 

( 9 )  1,krcy Hosnital. Baltimore, M. - D r .  Charles E. Brambel w i l l  study 

The counteracting 
anticoagulant drugs, such as dicumarol, tromexangand Link compound 63 (cumopyran), 
and drugs tha t  counteract the effects of these compounds. 
drugs include ora l  synthetic Vitamin K and an intravenous V i t d n  K emulsion. 

(10) Presbyterian Hospital, Chicago, 111. - Dr. John H. O l w h  

To evaluate present methods and t o  attempt t o  develop new methods for  
measuring known (and possibly unknown) coagulation factors of the blood 
with a hope of finding some rel iable  means by which intravascular clott ing can' 
be anticipated. 
postoperative patients, undergoing major surgery, and obstetr ical  patients 
during the pre- and postpartum periods. 

This study w i l l  be done i n  normal individuals, pre- and 

(11) University of Virginia - D r .  Alfred Chanutin 

The effect  of aging of red ce l la  on the i r  enzymes, and other organic 
and inorganic constituents, and adsorptive properties m i l l  be studied. 
effect  of storage of plasma on the alpha and beta globulin components w i l l  be 
determined. 
elements and the effect  of the formed elements on the specific enzyrnes of plasma 
will be studied. 
deterioration of red ce l l s .  

The 

The changes i n  plasma proteins i n  the presence and absence of formed 

Attempts w i l l  be made t o  develop procedures fo r  p e v e n t h g  

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

Blood w i l l  be collected from normal group 0 donors i n  various preserva- 
t i ve  solutions, stored fo r  0 t o  35 days, and transfused t o  normals of group A or B. 
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The disappearwe of donor's erythrocytes from the circulation w i l l  be measured 
by accurate different ia l  agglutination techniques. The kinetics of destruction 
of preserved erythrocytes w i l l  be analyzed mathematically by the shape of the 
disappearance curves. The respiratory ra tes  of the preserved erythrocytes will 
be measured i n  manometers a t  the t i m e  of transfusion and the resul ts  compared 
with in-vivo survival. 

Maasurement of the net gain or def i c i t  of the normal reoipientIe 
erythrocytes w i l l  employ calculations based on simultaneous CO~nt,8 of t o t a l  
erythrocytes and inagglutinable cella. In the a m  t e s t s  measurements of the 
changes in plasma volume af te r  transfusion will be made by the caloulation ai 
t o t a l  c e l l  volume with c e l l  counts, hematocrits, and Ashby counts; these 
observations w i l l  be spot checked with estimations of c e l l  mass by P32; pWma 
volume w i l l  be measured by the hematocrit and c e l l  mass and checked with the 
in j ec tion of T-18%. 

(13) X a l  e Dniversitg - D r .  J. H. Mlstone w i l l  study the isolation of pro- 
thrombin activators, and platelets. 
the fractions and the i r  purified derivatives t o  detect unsuspected impurities. 
m i f i c a t i o n  of prothrombin w i l l  be continued with 2 objectives: 
isolation and crystall ization; 2) c lar i f icat ion of coagulation thearg. hogress 
w i l l  be followed by t h e  electrophoretic end solubili ty tes te ,  by comparing 
specific act ivi t ies ,  and by functional t e s t s  f o r  contamination. 
be kept for a possible additional factor, dis t inct  from prothrombin, kinaee, and 
~ c c  essory thromboplastin. 

Electrophoretic analyses w i l l  be made of 

1) ultimate 

A lookout w i l l  

(14) University of Pennsvlvania - Dr. I. S. Ravdin w i l l  t r y  t o  lengthen the 
storage life of preserved erythrocytes, leukocytes, and pla te le t s  of blood, by 
separating them from plasma Search w i l l  
be made for  the optimum preservative f lu ids  f o r  resuspending these c e l l s  t a  
preserve them in storage. The viabil i ty,  characteristics, and c l i n l c a l  value 
of the stored c e l l s  w i l l  be determined a t  various intervals of atorage lq 
biologic t e s t s  of the infused cells.  
pensions a t  high pressures (several hundred atmospheres) and low temperatures 
(-3% t o  15%) w i l l  be assessed. 

immediate centrifugation a t  4' C. 

Preservation of whole blood and c e l l  sue- 

(15) E m  Mawr H o s D i t a l  - Dr. 1. M. Strumla 

(a) Considerable work has been done on the effect  of leucocyte suepen- 
d o n  and extract therapy on the regeneration of bone  CUTO OW of rabbits following 
depletion ty severe t o t a l  body irradiation. 
leucocytic extracts only to  find that  crude preparations a r e  more effeative. 
of these preparations intravenously w i l l  be attempted. 

An attempt had been made to  pur* 
Use 

(b) The causes for the deterioration of the ce l lu la r  elements of whole 
blood i n  storage and transport w i l l  be determined 
enzyme studies I n  natural and a r t i f i c i a l  substrates. Attempts w i l l  be medo to 
slow the metabolfc aging and destruction of-blood ce l l s  t o  a dnlmum lq hpl?o- 
the preservative f luids  and ty other mans, s w h  as dewra t ion ,  lower storage 
temperatures, adjuetment t o  optinamn pH, and control of enzymatic ac%iVity. 
Results w i l l  be assessed by following the viabilitrr of the preserved ce l la  &I 

cellular,  metabolic, and 

y i t ro  a d  
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(16) Harvard University - Dr. Carl W. Walter w i l l  continue a stwig on 
preservation of human erythrocytes a t  -10 t o  -15% i n  order tha t  current blood 
bank storage time may be prolonged, perhaps indefinitely. 

Med ical Research and Develooment Board 

It is proposed t o  study thoroughly the commercially available plarstic 
blood containers for adaptability and su i tab i l i ty  fo r  military medical ins ta l la -  
tions. The i n i t i a l  phase w i l l  be t o  t e s t  300 plastic blood containers-from each 
of several commercial houses, in each of 6 military hospitals in Zone of Interior.  
Recommendations from these hospitals rill be the basis f o r  developing an ideal 
plast ic  bag for military use. The second phase w i l l  include the transportation 
of whole blood i n  plast ic  bags t o  an overseas theater fo r  use in military 
hospitals i n  the theater zone of communication. 
consideration of overseas shipments of whole blood i n  plaatic blood containers 
t o  medical instal la t ions i n  the combat zone. 

(17) 

The final step w i l l  be the 

(18) 

(19) 

(20) Research Foundation, State University of New Pork - Dr. Benjamin Burbank 

bnox Hill Hospital, New Pork, N. Y. - Dr. Allen H. Minor i s  t o  conduct 
studies on the preservation of platelet  concentrates. 

%ryophylic” bacterial  contaminants of blood. 
Universitv of Mchislan - Dr. Abraham I. Braude w i l l  conduct studies of 

w i l l  investigate the effects  of ul t raviolet  irradiation on blood coagulation. 

(21) Yale University - Dr. John P. Peters w i l l  study the measurement of the 
volume of the circulating blood and extracellular space and the rate of turn- 
over of serum proteins. 

(22) Rassau Hospital - Dr. Eric Haldane Ponder will study changes in struc- 
tures of red cell8 during storage. 

(23) B a y l o r  University College of Medicine - Dr. Russell A .  H u g g i n s  w i l l  
study the pbysiologic responses t o  plethora. 

d. Other Infarmstion. none. 

e. B W A S ~ ~ O U I ~ ~  a n c ~ ~ o r  ~romess. B ~ U W ~ W ~  found that enzar, a purified try-pain 
preparation, when given intravenously accelerates the deposition of‘ intravas- 
culm C l O t 8 .  Trypein-induced tbronibi may be blocked by heparin but not by 
dicumarol 

Branibel, f’rosn stadia on a small seriea of dogs, noted that preanticoagula- 

2) Recovery rate seater  in 
mount of t issue loss greater in animaLs that 

~ e m ~ ~ ~ h a g e  not a necessary consequence of anti- 

t ion  in experimental f ros tb i te  has sorme interesting possibi l i t ies :  1) Severity 
of leaion6 is not ae great as in  control animals. 
the preanticoaguleted group. 
were not preanticoaguhted. 
coagulation preceding cold injury. 5) 
eff ic ient  antiddce has been described --Vitamin K1 emulsion intravenously 
adminiatered 

3) 
4) 

In event of hemcirrhage, a potent and 
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Mertz regarted that bovine profibrinolysin (plasminogen) fran an ammonium 
sulfate precipitate of serum could not be activated by any of a series of 
proteolyeic enzymes. Hawever ,  if bt treated w i t h  chloroform, the serum frac- 
tion could then be activated rapidly W i t h  trypsin. me technique of cbloro- 
farm treatamnt foUwed by a proteolytic enzyme has been extended in  preliminary 
teats t o  inclub 10 different enzymatic activatars. Of these, onlg bovine 
fibrinolyrin (plasmin) caused activation, and this did not have an activation 
Influence c q W  t o  that of trypsin. An extension of the chlarofonwtrypsin 
method t o  activate the prof'ibrinolyain in serum appears t o  shw promiee as a 
new method of assw fix flbrinOlySb. 

The presentation of human platelets frozen in the presence uf glycerol was 
sttldied Fa vitro by M i n a r .  Glycerol has been fd t o  mitigate the iqjurious 
effccts 3 G i n g .  under the canditions studied to  date, this  protective 
action ha8 not been sufficient t o  warrant in-vivo studies of preserved plate- 
lets . -- 

Ravdin concluded after in-vitro teats that this general procedure represents 
a practical method for preeervTiig cell-reslauee l e f t  after plasma remuval: 
1) Collection and early should include collection into cold, d e -  
quately acidified anticoagulant of isotoaic or slightly hypertonic concentra- 
tion, followed by iutnediste chilling in an ice-vater bath, with occasional 
mvenu?tnt t o  promote uniform cooling, and by cold eentrirugatlon. '2) During 
atarege and necessary tramsportstion the sediment& cells of aeld€fied whole 
blood should be kept as near Oo t o  lo C ae po8sible. 
mately 80 - 8% of the total  plasma for recentrifugatian. 4) Addition of a 
@EMU volume af concentrated glucoee solution t o  *or 
ride not mare than 1.0 gmper 100 cc of the 
the concentrated ceUg a t  00 t o  10 C. 

3) R e m o v a l  of approori- 

cold cella to  pro- 
storage of 

f Future Plane. Work w i l l  continue as indicated. 

g. Referencesb Progress reports of lnveetigatars. 
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m. In addftion t o  ourrent work, sttrdies r i l l  be resumed on the trans- 
h e i o n  aurdval  of normal blood rrfored IJCD, U.S.P., solutione. Blood volume 
naaurementt~ r i l l  be perfeoted end rofined. Stadicsn on the h e m o w  mechani8m 
in pemiaiane anemia ~ f l l  ba axtendad. 

- - 

102 



Project NO. 6-54-01-09 
Contract BO. rnub NOT FOR IuBI;ICnIm 

Date 30 June 1953 

Dr. John P. Peters 
Yale University 
NewHamn, Cann. 

-0 BRIEl? The objective is  ta study the measurement of the volume of c i m  
lating blood and extracellular space and the rate of twpover of 88rtllp proteins. 

PROGKESS. 'phe assembling Eprd control of all the aipparetus for masure- 
Wt of isotopic activity has been completed and contrpl wrk on measnremeplt 

made to simplify measuremeat of blood vohum with chrprniun-tegged red cells; 
rmasuramants have been made on a number of normals and a few patients with 
heart failure wore  ami after d ~ ~ v e r y  of edema. ~easummnts of the 1131 
albumin space and its decay have been done on normals and on 1 o r  2 pathologic 

Of radioactive C h l W d U m  d ha8 be= cafiied Out. Attempts h8W be= 

cases. 
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Project NO. 6-59-10-08 NUL? F'OR PUBLICATION 
Report Date 30 June 1953 

TranSfUs ion React ions 

A r w  Med Sv Grad School 
Walter Reed Army Medical Center 
Wa€jhington, D. C. 

BRIEF. The objective is the prevention of transfusion reactions and - 
reactions due t o  blood and plasma fractions. 

PROGRESS H e r e d i t a r y  RonSpheTocytic Hemolytic Disease Extensive labora- 
tory -were carried out on the 4th patient w i t h  this disease. Histologic 
stuiies of the spleen in co-operation w i t h  the AFlp revealed important dif- 
ferences from hereditary spherocytosis. 
delian daminant ur due to'inheritance of a recessive gene from each parent. 

The hereditary mechanism m a ~ r  be mn- 

I . Accurate methods for clinical hemoglobinometry have 
Laboratory. Plans have been approved by SGO for the 

operation of a hemoglobin reference facil i ty t o  laake mailable t o  all Armed 
Forces clinical laboratmLes stable and accurate hemoglobin standards. 

Solutione of' cyanmethemoglobin w e r e  shipped t o  Armed Forces laboratories 
in l p ~ q y  parts of the wor ld .  The solutions were used t o  test their 8pectT.o- 
photometers a,nd were then returned. The solutions underwent no deterioration. 
The standards of hemoglobinometry in most of the laboratories surveyed were 
unsatisfactory. Capper sulfate solutions as a color standard were found not 
t o  be satisfactory for standardization of the Coleman Jr. spectrophotcuwter. 
The multiplication factor greatly magnified eny small errors of calibration 
of the instrument. It has been decided t o  use cyanmethemoglobin as the 
stamiard. 

. 

Erythrocyte Metabolism. More observations of RBC glycolysis in patients 
w i t h  reticulocytosis have been attained. Erythrocyte glycolysis is dependent 
largely on the degree of reticulocytosis. Plans for study of hemolysis occur- 
ring during descent f'rosn high altitude in Peru are coupleted. 

Change 8 in  Red C e l l  Dimensions. Methods are being surveyed and set up to  
determine the shifts of water, inorganic phospharus, and potassium in ami out 
of red cells. 
corpuscular volume of the erythrocyte w a s  abnormally small, tended t o  became 
nannal during resuscitation, and became and remained small again w i t h i n  1 or 
2 daye. 
of patient8 in  the Surgical Service, Walter Reed Army Hospital, has been 
rrPdertaken t o  lesFn the mechanism and physiologic implications of th i s  shif t  

In casualties studied in Korea it was noted that the mean 
, 

Thane reported similar changes after adminietration of ACM. A study 

\ of w a t e r .  

The Use cff !l!ra118fwioa in B a t t l e  Casualties. During the last several 
The BWSM meny LabaoFataoFiea hava been etudyine Cr51 erythrocyte tagging. 



new methai has been adapted t o  the o t d y  of the survival of transfused red 
ce l l s  and the quali ty control of stored blood. Special e uipment has been 

tagging experiments under field conditione with a minimum of labor and tech- 
nical  assistance. 

designed and adapted for  carrying out a wide variety of C r  91 erythrocyte- 

Confirmatory experiments have been carried out in  relat ion t o  dynamics 
of erythrocyte tagging, post-transfusion disappearance characterist ics of 
cbrmium-tagged erythrocytes of fresh and stared blood, and the application 
of the method t o  red c e l l  viRbility studies i n  vivo. In  addition skly of 
chromium toxici ty  t o  erythrocytes in vivo a i n 3 v ’ I t r o  has been ini t ia ted.  

Intensive study has been made of severe ba t t l e  casualties i n  Korea t o  

-- -- 
learn w h a t  harmful effects may resul t  from massive transfusions of stored 
whole blood. 
hemoglobinemia, merkalemia,  c i t r a t e  intoxication, lack of white cel ls ,  
p la te lets ,  or c lot t ing factors in stored blood. 

No harmful effects were found tha t  could be attr ibuted t o  

Blood Volume Strvlieo with Isotopic Tags. Good correlation was observed 
between Cr5l survival and Ashby survival in severe hemolytic s t d i e s .  

Cr5l disappearance i n  normal s a j e c t s  seems t o  follow a relat ively re- 

Further study of Cr5l in patients undergoing splenectomy has been per- 

Cr51-tsgged cells injected into subjects of incompatible blood type are 

producible curve. 

formed. 

immediately destroyed and no Cr5l act ivi ty  is detected in the blood a f t e r  
t h i s  despite the fac; that hemoglobin (presumably labeled) is released in to  
the plasm. When CrJLlabelcd hemoglobin is injected, however, radioactivity 
is detected and disappears i n  proportion t o  the hemoglobin disappearance. 

I 
I 

1 1 

t b’ 

I 
t 

Transfusion Reactions due t o  Leukocyte Incmrpatibilitz. One patient with 
leukocyte antibodies for other human leulrocyten, presumably sec- t o  many 
transfusions, has been characterized bj agglutination am€ complement-fixation 
studies. Additional patients w i t h  multiple transfusions have been tested arid 
no antibody found. 

Leukopenia8 due t o  drugs (e.g. chloramphenoid) ha--e been studied with the 
offending drug added t o  the system and no agglutinins have been found. 

Prodiiction of Leukocyte Agglutinins in Animals. Anti-hurnan leukocyte sera 
of all c e l l  types shared no specificity.  H i g h  potency anti-guinea pig leukocyte 
sera were prepased. 

Agglut b i n s  against narmal leukocytes ; granulocytic, acute lymphocytic, 
and chronic lymphocflic leukemic ce l l s  have been prepared. 
no specificity of c e l l  type. 
worked out for  checking the specificity of these reactions. 

These 6era shw 
quantitative camplement-fixatim tests W e  been 

Potent anti-guinea pig leukocyte sera were made ’by a prooess of repeated 
innnunizat ion. 
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The Universal Donor, Its Re-evaluation- A laboratory and c l in i ca l  re- 

evaluation of the universal donor w a s  continued. Blood group 0 donors were 
chosen by screening the 0 bloods from the WRAH Blood Bank for  an anti-A 
agglutinin t i t e r  of l e s s  than 1:256. These bloods were then tested for  im- 
inune a n t i - A  and anti-A isohemolysins. Those b l W  that had Immune -/or 
hemolysin titers greater than 1:256 w e r e  used. 

One of the 6 recipients Infused w i t h  such bloods e erienced a mild 
c l in i ca l  reaction accompanied by a temperature of 1010 9 12 hours postinfusion. 
The fever subsided within 4 hours postinfusion; there w a s  a gradual reduction 
in hematocrit from 42 t o  33 over a 5-dsy period w i t h  a correspond- reduction 
in hemoglobin and t o t a l  red count. The donor had an immune anti-A t i t e r  of 
1 : k O O  and an anti-A isohemolysin titer of 1:8. None of the remaining 5 
recipients experienced any c l in ica l  or laboratory reaction. Accumulating 
evidence indicates tha t  the cixculatory blood grow sas t ance  of the recipient 
may play an important role  in his protection frm transfused incompatible anti- 
body* 

The significance of the stimulation of isohemolysins and innnune iso-mti-  
bodies in military personnel by routine vaccinations was presented t o  the 
CoIlnnission 0x1 Immunization, AFEB. 
tetanus toxoid routinely used by the Armed Forces contain blood group sub- 
stance A, a potent antigenic substance in the production of m e  anti-A and 

It has been found that cer ta in  samples of 

a t  1-A h a l y s  in 

A study of the effect  of purification of tetanus toxoid on i ts  blood 
group substance A constant w a s  Init iated.  Ser ia l  dilutions of a standard 
anti-A serum were allwed t o  react w i t h  constant amounts of the tetanus tox- 
oid. 
t i t e r  measured and c a r ~ a r e d  w i t h  the initial t i t e r  of anti-A. 
w i t h  NIH the "contamination" of tetanus toxoid w i t h  blood group substance A 
I s  being studied. Since a single Injection of as l i t t l e  as 0.01 mg. of the 
purified blood group substance is antigenic in W-$$ of humans capable of 
being s t w a t e d ,  it is recamended tha t  manufacturers be required t o  use 
culture m e d i a  f ree  of hlood group substance A .  

Standard type A red c e l l  suspensions were then added and the agglutinin 
In co-qeration 

Histochemical Methob in Blood Morpholog. Glycogen w a s  found af ter  i) 
days in  survived platelets  prepared by d i f fe ren t ia l  centrifugation of human 
blood preserved in sequestrene and stored a t  4-6' C. 
with the findings of Rheingold and Wislocki (Blood, - 3:641, 1348) 
the Bauer-Feulgen method platelets  do not contain glTcogen. 
found t o  pers is t  for  3-4 days in survived manulocytes. 
positive granules persist i n  stored pla te le t s  far as long EB 8 days. 

Tinis is in disagreement 
that  by 

Glycogen was 
The periodic acid 

The Sudan Black B method of Bloam and Wislocki w a s  used in the study of 
sudanophilic granules of stored leukocytes. 
prepared from heparinized bloa3. and stored a t  4-60 c .  i n  phosphate buffered 
sal ine w i t h  dded glucose. Positive stalnlng reaction w a s  found t o  pers is t  
a f t e r  3-4 days' fitorage. 

Leukocyte concentrates were 

1 

Photomicrographic f a c i l i t i e s  for transmitted light and phase contrast 
have been se t  up and standardized for  b k c k  and white and color work. This  
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w i l l  provide 8 mans of documenting the comparative morphologic appemance 
of blocd ce l l s  by the various histochemical techniques 

Comparative studies on copper- and iron-deficient dogs involved a study 
of blood and bone marrow smears and peripheral values, i.e. t o t a l  red c e l l  
count, hemoglobin hematocrit, t o t a l  white count, differential ,  p la te let ,  and 
reticulocyte counts. 

Contrary t o  published observations that the anemias of copper and iron 
deficiency are indistinguishable, it was found that copper deficiency la dogs 
produces an anemia characterized by decreased numbers of red cells, w i t h  the 
maintenance of re lat ively normal red c e l l  values (W, KHC)o 
marrow of copper-deficient dogs there is evidence of a defective maturation of 
erythroid elements. 

Th the bone 

Sprue. Plans for hematologic and metabolic studies on t ropical  sprue i n  
Puerto Rico were formulated. Arrmgements for a conference of sprue e q e r t s  
t o  be held i n  July a t  AMSGS were completed. 

Alterations of the Blood Coagulation Mechanism D u r i n g  Recovery from 
Severe Wounds. 
be further characterized by study of patients undergoing elective surgery 
(study of 10 patients for  the 1st ' I  postoperative days failed t o  show changes 
i n  prothrombin act ivi ty  similar t o  those observed i n  the  battle Casualty), such 
study w a 8  discontinued. 

Since the changes observed in the battl; casualty could not 

The coaguLation data coliected i n  Korea are ready to be a\lbmitted t o  The 
Surgeon General. 
new coxpletion. 

The f i n a l  report on hepatic function following wounding is 

The following t es t s  have been s e t  up and standardized for c l in ica l  or 
research purposes: c lot t ing tune in silicone, anti-thrordbin, two-stage pro- 
thrcanbin, prothrombin canversion, labile factor determination, and stable 
factor determination. 

Hemoglobin Catabolism. Studies on the  mechanism of clearance of herno- 
g l o b i n r a m  the plasma have continued. Eqerimenta on normal rabbits show 
that following a single rapid injection (hemoglobin tolerance t e s t )  the hemo- 
globin disappears in lojprithmic fashion whether renal excretion of hemo- 
globin occurs or not. Continuous intravenous infusion o f  hemoglobin solution 
a t  a colnatant r a t e  in the  normal unanesthetized rabbit for periods ug t o  b 
hours share that the r a t e  of hemoglobin clearance is remarkedly constant i n  
individual animals for periods up t o  4 hours. After 3 t o  4 hours the rate of 
clearance may increase or decrease depending upon the rate of addition of 
hemoglobin t o  the  plasma and the t o t a l  dose of hemoglobin administered.. A 
dog w i t h  an explanted kidney has been prepared so that rem blood flow C a n  
be altered and its effect  on hemogLdbin clearance studied as wel l  as the 
effect  of hemglobin on the kidney 

A 8twy o f  the benzidine method for determ;lnin& plasma hemoglobin which 

The use of 
included some characterization of the substance i n  plasma which interferes 
w i t h  the pseudo-peroxidase reaction of hemoglobin waa cosnpleted. 
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alcoholic benzidine solution (Ham’s method) gives excellent recoveries. 

Iron Metabolism w i t h  Fe59. Study or Fe39 iron metabolism using k’e>’J 
tracer technique has been made in a vmrety 01’ c i in lca l  c o n d i t i m ,  including 
aplast ic  anemia, hemolytic anemia, and hemochromatosis. 

Ergthrocyt;e Mcv S-. A study of the changes i n  erythrocyte s ize  
following major thoracic or abdnmil surgery has been Initiated. It in- - -  
ciudes serial determination postoperatively a. mean c e l l  volume, mean c e l l  
hemoglobin concentration, a d  plasma and erythr-e potassium and phosphorus 
concentrations. Data are incomplete on the 1st d patients, but small decre- 
ments i n  M=V w e r e  found postoperatively i n  ;ri patients.  

Hemolytic System of Pa. ‘ihe t i t r imet r ic  versene uethod for quintit&- 
t lve  ca ueteruuacion and the  t i t a n  yellow procedure far quantitative Mg 
determination have been selected as the best available. 
d i f f icu l ty  in adapting them t o  whole blood, though they work well w i t h  plasma. 

There has been-scwe 

Transfusion Freeze Drying of Unmodified Whole Blood. A progem was under- 
taken t o  learn whether it is possible t o  freeze unmcd iffed ci t ra ted blood ir~ 
such a way tht viable red ce l l s  can be returned t o  the unfrozen state. 
has been done only when a very thin film of blood on a th in  glass tube m a  
abruptly plunged into l iquid nitroGene The blood became v i t r t f i d  (passed 
into a sol id  s t a t e  without formation of ice crystal.s), wa-s held a t  the ex- 
tremely law temperature unt i l  it w a s  t o  be thawed, then the tube w a s  plunged 
lnto warm saline. The red ce l l s  did not hemolyze. 
the tubes w a s  dried from the frozen s ta te .  Thus far the red ce l l s  could not 
be recomtituted without complete hemolysis. 

This 

The blood on some of 

FvpLlRE. Work w i l l  continue d o n g  the l ines  indicated. - New phases of - 
investigation are  outlined in the order followed above. 

A 2nd p i lo t  study w i l l  test a set of instructions for  set t ing up an 
accurate method of hemoglobinomtry in c l in ica l  laboratorles using cyan- 
methemoglobin solutions of precisely knm concentration * 

Standard hemoglobin solutions and instructions on hemoglobinometry 
w i l l  be provided for  all laboratories of the fumy. 
t o  the A i r  Force and K W y .  

The same w i l l  be offered 

The studr of patients here and in Korea will be continued, meesuring t h e  
erythrocyte size, electrolyte content, w a t e r  and  hemoglobin content, and 
f rag i l i ty ,  during and after injury, alarm, and ah in i s t r a t ion  of salt  solu- 
t ions and cortisone. 

Continued study of problem related t o  the extensive use of whole blood 
i n  the Korean conbat area, with special eqhftsis on the measurement of the 

:3 technique. 
i t y  of the blood by means of -- in vivo v iab i l i ty  studies, employing the 

Study of the effect  of transfusion of “outdated“ blood. 



Evaluate and characterize hemoglobinuric transfusion remtione when ‘they 

Apply a streamlined method i n  Cr5’ tracer measurements t o  various problems 

occur i n  the combat zone. 

related t o  wounding and blood tranofusion. 

!Further study of the metabolic ac t iv i t  of Cr51 is contemplated in 
animals. More comparisons of Ashby and Cr5 P survival curves w i l l  be obtained- 
The limits of Cr5l  disappearance in normal subjects w i l l  be defined. 

The search for other subjects with acquired leukocyte antibodies w i l l  
continue. 

It is planned t o  continue the observations on other leukemic cells 88 
patients are hospitalized. 

Contingent upon availabil i ty of personnel, a study w i l l  be Ini t ia ted on 
the par t i t ion of blood group substance i n  the urine i n  an attexpt t o  correlate 
the fractions (protein and polysaccharide) with the ab i l i t y  of 0 blood 
recipients t o  neutralize antibody. 

Studies on preserved blood w i l l  be extended by the application of other 
methods. 
during, and a f t e r  chemotherapy. 

These t e s t s  w i l l  also be applied t o  leukemias and lymphomas before, 

Studies w i l l  continue OD the clearonce of plasma hemoglobin in the 

Study w i l l  be made of incorporation of S3S-Labeied 
rabbit  and of fectoro which influence i ts  clearance employmg the constant 
infusion technique. 
cystine into the stroma and hemoglobin of erythrocytes. 
of clearance and metabolic fate of S%-labeled hemoglobin w i t h  particular 
reference t o  the formation of f e r r i t i n .  Stw w i l l  be made of hemoglobin 
clearance i n  the kidney using a dog with an explanted kidney. 

Stuly w i l l  be made 

Erythrocyte MX studies w i l l  be made on patients receiving cortisone. 
Studies w i l l  be d e  of the -- in-vitro effect  of cortisone on erythrocytes. 

systems involved i n  PI?H, hendy-tic ccmrplement, and coagulation, and t o  
determine whether fliictuations of these cations are related t o  increased 
hemolysis during sleep. 

It i 6  planned t o  c lar i fy  the ro le  of magnesium and calcium in the enzyme 
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PRXRESS. (Annual Report) This department of the A r q y  Medical Service 
Graduate School i s  under the &dance of the Commission on Liver Diseases of 
the Amed Forces Epidemiological Board. 
mainly around the study of liver disease i n  the Armed Forces, but now includes 
general metabolic problems of the sick and wounded. 
divided into research, patient care, and teaching. 

Fifty beds a t  WRAH have been allotted t o  this unit, 38 i n  1 ward of the 
W c a l  Senrice and 12 on another ward which, together with a diet kitchen, 
laboratories, operating mom, conference room, and offices, make ug the ktabol ic  
Ward of  WRAH. Most cases of liver diseese admitted t o  this hospital along w i t h  
general metabolic and endocrine problems are sent t o  the larger w a r d  where they 
are cared f o r  under the supervision of a member of this department. 
reqdring very careful metabolic studies, on the other hard, are transferred 
t o  the special metabolic ward. 
clinic; this permits the follow-up of patients already studied. With the open- 
iIg of the Metabolic Ward, the additional laboratory space pekmitted the uti l i-  
zation of considerable equipment acquired w h e n  the unit was a t  Valley Forge 
Arnly Hospital. Special new equipment was also provided. 

ACTH 9berap.v i n  Acute Viral Hepatitis. 
ACTH o r  glucose infusions continusd under study. 
49 cases with 49 controls. 
from a single daily dose given subcutaneously t o  the current program of intra- 
venous ACW given i n  iriminishing doses until the t o t a l  serum bilirubin i s  1 
milligram o r  lower. 
medication and those receiving intravenom glucose over the s m e  period that 
the intravenous ACTH is given i n  the treated cases. 
dosages: 20 milligrams f o r  3 days foUowed by M milligrams for  5 days then 
5 milligrams daily until the total serum bilirubin reaches 1 m i l l i g r d .  
one compares the  small grow treated with this course and the controls who 
received no medication whatever but who were on the same basal program, one 
f in i s  a rather striking difference i n  duration of abnormality of the 4 basic 
liver function tests measured. The duration of positive urine bilirubin i n  
treated cases is  6.2 days versus 17.9 days in  controls. 

The objective is t o  conduct clinical studies on acute and chronic 

13ne mission of the unit was centered 

!be functions may be 

Cases 

Clinical faci l i t ies  also include an outpatient 

Acute v i r a l  hepatitis treated with 

!he treated cases are divided in to  5 groups ranging 
l'he group now treated includes 

Controls are divided into those receiving no intravenous 

ACTH i s  n o w  given i n  these 

k n  

The duration of positive 



t o t a l  serum bilirubin i s  21.2 days i n  treated versus 43 days i n  controls. 
The duration of positive thymol turbidity i s  l f . 3  dqys,  compared to W.8 days 
i n  Controls, and the duration of positive cephalin-cholesterol fbcculation 
is 17.3 days versus 26.4 days i n  controls. 
are not statist ically smf icen t  because of the wide variation found. Cases 
of early hepatitis are not mutinely admitted to this hospital. 

Five cases of what might c l inicdly be termed "cholargiolitic hepatitis" 
were treated. With the newest course of AC!I?H, the impmvanent has been dramatic 
nnd maintained in  the early cases. Although in the late cases (longer t h  8 
months after onset of jaundice) there was seen a relapse after ACTll withdrawal, 
i t  would appear that e t r i a l  of ACTB is indicated i n  a l l  cases of cholangiolitic 
bepat it i s. 

It i s  enphasized that these figures 

Clinical Studie_s with Chronic Vira l  h a t i t i s .  About 100 of tbese cases 
have now been carefully studled and followed. These patients have generally 
failed t o  respond consistently t o  treatment with bed rest, antibiotics, ACm, 
o r  cortisone. 
exercise has been prescribed t o  determine how much activity these patients can 
tolerate without a worsenixg of their hepatitis. A l l  patients are folh-d by 
frequent examinations and liver function testing during and following the carer- 
cise. 
have been returned t o  duty, and w i l l  be seen at intervals f o r  further evalua- 
tion. 

With a view to returning t o  duty as m a ~ y  as possible, graded 

In 8 patients studied, no worseniag of liver function was seen; they 

Portacaval Shunts i n  Patients with Esop-eal Varices. To date there 
have been 28 patients operated. 
performed; w h e r e  not feasible, a splenoreilal anastomsis has been made. T b  
average time o f  surgery for  the former i s  2 3/4 hours. !hm 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 wi.th3.n 3 days after operation. He was a poor operative r i s k  initially, 
having been actively bleeding from varices for 2 days prior t o  surgery. The 
2nd patient quite une.rcpecteUy developed jaundice and hepatic failure within 
2 weeks after surgery, although ini t ia l ly  doing well. Re expired i n  hepatic 
coma 45 days after the operation. 
single exception of lack o f  stability of liver function, no consistent contra- 
indications have been found f o r  this procedure, providing esophageal varices 
have been demnstrated. With a changing clinical picture, surgery should be 
deferred. One patient was carefully studied by means of a metabolic balance 
M o r e  and after his portacaval shunt. I h i s  experiment &wed that the shunting 
of the blood from the liver to  the peripheral circulation apparently causes no 
deleterious effects on the handlitg 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 spleeu size i n  the postshunt 
period. mere is a uniform worsening of liver function immediately after 
surgery; serum bilirubin will r e d n  positive f o r  an average of about 30 days 

Where possible a portacaval shunt has been 

The explanation is  not clear. With the 
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a t  M c h  t i m e  it will be a t  i t a  preoperative level o r  Lower. %ere was observed 
a consistent lowering of the tkgmnl and the z inc  turbidity inmnediately following 
m e r y  which after a few days returns to the preoperative level. 
explanation i s  not clear. 
levels associated with peripheral edema and ascites following surgery. These 
albumin levels have been lowest i n  the 1st manth after surgery but thereafter 
tended t o  return to their preoperative level. 
hemrrhage following operation. 
determine bow effective the operation is  for  prevention of hemorrhage and w h a t  ' 
the late effects are upon liver function. 

Tha complete 
In & patients there was a drop in serum albumin 

!?here were no instances of 
A careful foUow-ug is  part of the study to 

h. An attempt was made t o  dRtermine the 
presence o r  absence of bacteria i n  mrmal human livers a t  laparotomy and from 
liver biopsies i n  patients w i t h  acute and chronic l iver disease. The subject 
i s  impoztant because of the demonstrated role of the intestinal bacteria i n  
the pathogenesis of experimental liver disease. In only 2 of 85 biopsies from 
living patients were there oqpni.sms found; 7 of 2.0 biopsies from Qgs, on the 
other hand, a w e d  growth. 
the human liver. 
mer, deserves sturiy. 

Appmntly l iving bacteria are rarely present in  
1 Their role i n  the l iver i n  &ck and irradiation injury, how- 

Nitrogen Balance i n  Acute b a t i t i s .  Since the demonstration by Patek 
and Post of the beneficial effects of a high caloric, high pmtein diet i n  the 
treatment of cirrhosis, it has also been prescribed fo r  other l iver diseases, 
particularly hepatitis. 
whether a regimen is really valuable and because of the suggestion that i n  
early hepatiitis such a regimen may be harmful, studies by the metabolic balance 
technique ha e been undertaken. Four patients with acute hepatitis were studied 
with constan liquid diets during the 1st 3 weeks of their disease; a l l  were 
started on t 

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, but no evidence 
of a change i n  the trend of nitrogm balance which might have been correlated 
w i t h  changes of liver function. 

In view of the paucity of control data t o  determine 

3rd d.ay of jaundice. The 1st patient was a sem hepatitis wlm 
was somewhat i epleted from convalescing from a wound of the upper extremities. 

The 2nd patient was also a senm hepatitis who was very unfiernourished 
while convalescing f r o m  wounds. On a similar diet ,  h i s  balance figures showed 
a positive 0.37 grams per day nitmgen balance. 
the balance as correlated'with improvement of liver function. 

Again there was no trend i n  

Incomplete studies i n  a 3rd patient with serum hepatitis seem t o  show 
that, although g i q n  only a 2000-calorie diet  with 30 grams of protein per day, 

balance f o r  the 2nd YtrP._ and 3rd weeks. 
he was i n  negative 

state a t  the start. 

pen balance f o r  the 1st week and i n  slight positive 

The 4th, who presumably had epidemic hepatitis, was i n  normal nutritional 
There was an average daily negative balance of 1.48 grams 
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per day. There was a definite decrease, however, i n  the munt of negative 
balance from the beginning t o  the end of the stw (minus 2 gram per day t o  
equillhrium). He had a very mild case of hepatitis, both clinically and by 
laboratory teats. The differences between epidendc and s B m  hepatitis are 
believed not to  be significant. !&e nutritional. status a t  the start of the 
studies was thought to exert the greatest influence ugon the direction of 
nitrogen balance. !&e disturbances of liver function in hepatitis appear t0 
have l i t t l e  effect on the o v e ~ a l l  metabolism and deposition of nitrogen. %ere 
i s  no evidence, f r o m  these studies, that dietaly protein o r  calories i n  excess 
of the amounts needed t o  maintain the body "protein storesn are necessary i n  
acute hepatitis. 'phe total  balance of nitrogen i n  these cases was more directly 
influenced by the pre-existing nutritional state than by the degree of liwr 
dysfunction men. 

Comsrison of Glucose and F m t o s e  in  lberaw of Liver Disease. It has 
been indicated that fructose might enter the glycolytic cycle mre easily than 
glucose and so might be of value i n  the therapy of liver disease. A 7-week 
metabolic study carried. out in a patient with cirrhosis i n  whom nitrogen 
balance azld blood levels and urinary excretion of various carbohydrate i n t e e  
mediates were measured during alternate periods of feeding of glucose and 
fructose &owed no differences i n  nitrogen balance. The only observed dif- 
ference was a gx%ater urinary excretion of pyruvate and alpha&&oglutarate 
during administration of fmtose. Bo clinical superiority was seen w i t h  
fructose as compared with glucose. 

Ethanol Mtabolism, Four individuals have now been studied i n  w h m  30 - 
80 cc of alcohol were infused intravenously while blood from the hepatic vein, 
eripheral vein, and artery were eocamined. In the short period of this test, P 2 ~ O U ~ S )  following the a lcohoL administration there was 320 significant change 

i n  the serum protein o r  liver function tests with the possible exception of a 
slight bilimbinemia w h i c h  occurred i n  2 persons and lasted hours ( t U s  is 
believed not to be related t o  hemlysis). The hematocrit in  all these subjects 
f e l l  because of withdrawal of up to 700 cc of blood duriqg the experiment. 
They developed a metabolic acidosis, manifested a f a l l  in pH, increase i n  
organic acids, increase in 002 tension toward the end of *;test (where hype- 
ventilation due to  excitement disappeared), aod a decrease i n  blood W f e r  base 
and bicarbonate, as defined by Singer & Hastings. 'Ihese changes appeared to be 
due to a r i s e  in  oqpnic acids, presumably acetate, which forms from the oxida- 
tion of alcohol. 
place when large w u n t s  of c a r b o w a t e  and amino acids were administered. 
Blood calculations irdicated that about 6% of the ethanol was i n  the'acetate 
formduring this study. 

Oxygen saturation, oxygen capacity, and oxygrn content in the 3 portals 
showed no significant changes i n  the 2 patients. Enzm studies of phosphatase 

the cholinesterase to be explained possibly lv hemodilution, B e  blood ammnia 

In 4 dogs this acidosis in  the peripheral blood did not talre 

cholinesterase revealed no significant m e  except for a slight in 
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feu slightls but consistently durisg the a lcobl  administration. 'phe 
outplt of the liver diminished following alcohol. rn outpat likewise f e l l ;  
this meY mean reduced l iver production of NAJ. Glucose output i n  the l iver 
f e l l  slightly in a l l  cases. Pyruvate output from the liver abo~ea a m a r l ~ ~ d  
drop and alpha-btoglutarate output dropped significantly following the alcobol, 
Lactate corrdng from the liver, on the other hand, ahowed a strikirg r ise  alosg 
with the alcohol infusion. The drop of pyruvate and the marked rise of lactate 
in the liver are interpreted t o  mean that while the alcohol is dehydmgenated 
t o  acetaldehyde, the 2 m e n  atoms are transferred ultimately to  pyruvate 
which then is reduced to Xactate, !be reduction of output of glucose, m n ,  
and Mu by the liver may be related t o  a biocbmical effect rather than to  the 
caloric sparing action of the alcohol. 

In m r e  l iver disease there may be a slight to 
marM elevation of the blood amnonia. I?o elevations were seen i n  normals; i n  
patiants with h q a t i t i s ,  mild cimhosits, and on occasion moderatply severe 
cirrhosis. Some elevated values were seen i n  patients with cirrbosis who died 
of hepatic failure o r  who were in their 1st to 2nd postoperative week after 
portacaval shunt. 'phe amonium citrate tolerance tes ts  i d c a t e d  that normal 
persons clear ainnonia from the blood readily and i n  a uniform ww. Persons with 
severe liver disease showed abnormal c m e s  manifested by a very h3gh 1/2hour 
and 1-b~  blood ammonia lm1, followed !US may be explained 
by the fact that the liver does not remove runmonia rrrpidly enough because of 
poor parenchymal function o r  because of poor circulation to the liver following 
portacaval shunt. Patients with varices usually show abnormal. tolerance tests 
which become mre abnormal followhg portacaval shunt. Some factors that 
affect the blood amnonia are: (a) Parenchymal liver disease; (b) Decrease of 
circulation to the liver, as $n patients with varices after portacaval shunt; 
(c) In liver anoxia, as i n  hemrrhagenic shock, there i s  often a r ise  of the 
ammonia; and (d) FoUowing admrlnistration of ethyl alcobol the blood Brmnonia 
falls. The blood ammn3.a produced i n  these conditions appeared t o  be codng 
mainly from the muscles. 

w i t h  acute hepatitis have an elevated s e m  iron; this is  not present in 
patients with cirrhosis or obstmctive jaundice. 
turnover rate of radioactive iron i n  acute hepatitis shows that it  is  2 t o  3 
times faster than i n  mTmals. 
red blood ce l l  pmduction it would seem that hepatitis i s  accompded by a 
definite increase in red blood cel l  destruction. 

Metabolic Effects of W f i e d .  Human Globin. 
conducted using the balance technique. A nwnber of toxic effects of globin 
were noted, 80 short-term studies on 2 additional patients were made. It was 
found that the globin produced a proteinuria consisting not om of infused 
ghlobin but of other sewn proteins. An irr i tative reaction was also noted i n  
the kidney, manifested by the appearance in  the urine of red cells, white cells, 
and casts. Globinproduced a rise in  the sedimentation rate and also in the 

I 

Amnonia Metabolism. 

I 

a s l o w  drop. 

I 

Iron htabolism in Liver Disease. previous studies showed that patients 

Investigation of the plasma 

The cause i s  unlmown, I f ,  however, i t  reflects 

Two metabolic studies were 
I 
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serum globulin (primarily gama globulin). After repeated infusions, globin 
caused a fa l l  i n  the endogenous creatinine clearance. Repeated infusions of 
globin were found to lead t o  the appearance of gross hematuria. Rapid infusiobs 
of globin produced an allelrgic type of reaction, manifested by flushing, itchibg, 
and urticaria. 
the end of the hfusion. Ibwever, even slow infusions of &bin caused a marked 
anorexia. 

Rapid infusion also caused a rise i n  the body temperature after 

The balance tests showed that during the 1st few days of repeated g l o q  
infusions most of the infused nitrogen is retained. Bereafter increasing I 

amounts are excreted in the urine and eventually the patient develops a negative 
nitrogen balance even while the infusions contimus. About LO% of the infuse8 
globin is  excreted unchanged i n  tihe urine. Although there was found a potaesiwn 
retention during the globin infusion i n  approximately the same ratio to nitrogen 
retention that would be expected if protoplasm were being formed, it is unUkely 
that t h i s  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 i n  the body rather than metabolized.. 

Effects of Testosterone on Uver Function and Protein btabolism i n  fiver 
Disease. Because i t  has been asFumed that a high-protein intake is desirable 
i n  treatment of chronic liver disease, testosterone has been studied as gn 
anabolic material as a mqplement to  a known dietary intake. Two patie&s wlth 
m r e  liver disease were etudid under balance conditions. Four other patients, 
started on testosterone, are beisg followed clinically end by liver function 
wsts. 'phs 1st in  wbom nitrogen balance was studied was a 26-yean-old female 
wkh proven cirrhosia who had had a portacaval shunt 3 months prior to study. 
&e,M been in hepatic coma 8bout 2 mnths before her st-. On a z b o o - c ~ r i e  
diet with loo grams of protein (2 grams per kilo per day) the patient was i n  
posibive n i t w e n  balance averaging j3.U grams daiIy during a U d a y  initid 
baae=line period. During an l8-day course during wllich a t o t a l  of 200 nri l l i -  
grams of testosterone propionate was given, the average daily nitrogen balance 
was +4.1 grams. During a lzday studg period after it was stopped the nitrogen 
balance averaged 3.25 grams of nitrogen daily. In the course of this study the 
patient gained and retainad 2 112 kilograms. O t h e r  evidence suggests that there 
was a production of new protein tissue. Liver function tests, bowever, showed 
no inprovement thr0ue;hout. 

5 2nd patieat vas a cirrbotic who had dewlopea ascites 2 mnths before 
admission. On a l!j4O-calorie diet with 50 grams per day of protein ( 3 / 4  of a 
gram tein per kilogram per day) he was in positive nitrogen balance averag- 
ing 6 &rams per day. %en 3 dlligrams per b y  of testosterone were added 
the patient averaged +I.& of nitrogen per day. the same caloric intake 
with 100 
aversged g.5 grams of nitrogen per day. On this diet plus testostemne he 
avereged j5.88 grams per day. 
from clearing his ascites although it probably slowed. this down, 

ams of protein per day (1.25 gram protein per kilogram per day) he 

'ihe use of testosterone did not prevent him 
Liver function 
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tests did not materially improve during 31 days of study. 
.his liver size diminished, and spider angiomata decreased from 3.8 t o  3 during 
the study period. 
receive testosterone propionate, 25 milligrams 3 times per wee& These patiants 
previously failed to  respond t o  other therapy. 
sions. 
available forms of therapy. 

of intravenously infused amino acids may be related t o  protein synthesis i n  
the body. 
out liver disease. In blood and urine tbe output of alpha arrdno nitrogen was 
measured (metbod of Hamilton and Van Slyke) . In a l l  instances the rate of 
disappearance of alpha amino nitrogen from the blood has been w e l l  correlated 
with the patient's body weight and surface area but not with abnormalities of 
liver function. A latge man with impaired liver function of a moderate degree 
clears his blood of alpha amino nitrogen mcLch faster than a smaller man w i t h  
no b w n  liver function abnormalities. This apparently important role of rm~cle 
i n  the metabolism of amino acids is  to be further studied in dogs. Detailed 
studies were done i n  a nom patient who received i.v. conrpound F (hydrocorti- 
sone); an acute load of amino acids was disposed of as p m q t l y  as in the 
untreated state but there was slightly mre urinary loss. Pasting levels of 
alpha nminn nitrogen rose with compound F ard remained elevated 3 to  4 dass 
after its discontinnnnne. 

The ascites cleared, 

Iko cirrhotics and 2 patients w i t h  chronic hepatitis lulw 

It is too early to  draw  COX^ 
I 
f 

The clinical study will include other patients refractory t o  the 

Andno Acid Tolerance. It has been proposed that the disappearance rate 

%lerance tes ts  have now been performed on 13 patients with and w i t h =  

I 

,I 

Metabolic PSfects of Intravemus Com~~und F, Fublished evidence has 

It was show that, as with 

In 1 case it vas shown to repire 1.4 grams 

e c a d & d  that oompowd F is probably the adrenal hormone which mediates the 
stress reaction i n  man. A single experiment was conducted i n  onier to  d e -  
stand better the metabolic effects of stress. 
cortisone, the negative nitrogen balance pmduced with compound F may be pre- 
vented w i t h  high protein feeding. 
of protein per kilogram. A t  this level of protein intake, h o w e v e r ,  Musions 
of amino acids are less well utilized and retained when they are given durirg 
conpound F treatmant. Iche urine alpha-btoglutarate and pynwate showed less 
rise after the infusion of amino acids; this suggested a direct utilization 
rather than glumneogaesis f r o m  the infused amino acids. 
considerable sodium retention on an i n t a b  of I50 milliequivalants per day of 
sodium. With this a weight gain resulted which could be accounted for  by fluid 
retention. There was a slight (35 milliequivdants) potassium diuresis the 1st 
day of compound F therapy even though the patiant was then in positive nitrogen 
balance, !he saliva sodiun/potassium ratio was'unchanged even at the peak of 
the sodium retention of compound F. There seemed to be a mild t o  marked s u p  
pression of urinary excretion of formaldehydogenic steroids for  4 days after 
conpound F was stopped. 
steroids were only slightly decreased after compound F. 

I 

Compouod F caused 

Urinary steroids then returned to xmrme;L; 17-keto- 1 
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m t e i n  and Calorie Rsauirements i n  Convalescence. There I s  sane evidence 
that more rapid postoperative recovery occurs when kitrogen balance i s  positive, 
and that 30 calories per kilo per d,ay are necessary regardless of protein intab 
t o  maintain positive nitrogen balance and with this caloric level a t  least 1.9 
grams of protein per kilo are needed to assure positive nitmgen balance after 
surgery. No good figures are available for the dietary maqpmnt of convale+ 
cents. Studies are under way 
i n  a chronically ill patient who had been wounded and who has had a pmlosged 
recovery from that wound. Be is  now 15 pounds below his average weight. V~I%JUS 
levels of protein are given him with a high constant caloric intake. @s appe 
t i t e  has improved, he seems more alert, and his wound seems to be healing better. 
Nitrogen balance i n  patients of this sort will also be conpared with varying 
protein and constant caloric intake to  determine the optimrnn LuIpIoto1ts of calories 
and nitrogen required f o r  Shortest recovery periods. 

Antibody Pmduction i n  t b  Wounded. To determine the capacity for protein 
synthesis in wounded patients a masure of antibody response is being evaluated 
i n  2 groups. 
duals who s e w  as controls. The 2 d  consists of patients who show poor muxd 
healing and are slow in regaining their normal weight and state of nutrition, 
A l l  are under age 35 and are Schick- and Malcmey-negative. The cantrol blood 
sample and furtbsr samples on the loth, Uth, and Zlst days are taken after the 
intrarmscular b c u l a t i o n  of 1 cc of diphtheria toroid. lbtal serum p t b ,  
the d'bumin/globuUn ratios, ani diphtheria antitoxin levels are measured in 
a l l  sanples. Incomplete data reveal l o w  serum proteins in the poor m d  bal- 
iag, poor nutrition patients with a reversal of the A/G ratio. 

Malnourished. 
protein concentration i n  the diseased patient may give a false picture of ths 
state of blood protein stores. Infusion of U n e  solution o r  glucose not only 
increases plasma volume but increases the total circulating protein and albupdn 
from to 20% of the n o d .  It is postulated that this occurs as a response 
t o  reduction of colloidosmotic pressure. 
dogs that th is  response i s  greatly diminished o r  delayed. These studies will 
be conducted i n  acute and chronic liver disease, cirrhosis, before ard after 
portacaval shunts, malnutrition problems, wounded soldiers, and d t e r  thsrerpy 
such as testosterone, designed t o  promote anabolism. Blood volumes and tow 
circulating proteins have been measured in 3 patients who h e  had portecsval 
anastomses. 
were increases in both plasma and blood volume in 3 C i ~ h o t i C 8 .  
circulating albumin i n  2 was mrmal and diminished i n  1. 

Some severely wounded patients do not eat well. 

lchs 1st i s  a gmug of hsrdof-heariag but otherwise normal irdivi- 

Plasma Volume and Total CirculatiaP Proteins i n  Liver Diseases and in the 
Due to  alteration of blood volume, *le determdnations of 

It has been shown in ;LUrpopmteinePdc 

In 1 the response to saline infusion was ale0 measured. !Chem 
!he total 

U W n  m v e r  Studies i n  Patients with Liver Disease d those sbo 
is -aired planned Recovery la ter  to  from use In.iuries. W-labeled glycim as a check against the I B!EZS. IlJLlabelad albumin is 88 a 

pilot studies completed in viral hepatitis showed. a normal to  short turnover 

I 
I 

338 

i 

1 



time as c~mpafed to  published normat figures. Further studies w i l l  canpare a 
group of normals wifh patients having delayed healing. It is  hoped ta clarify 
the dpmdcs of protein metablimn. 

naires have been sent to  30 patients who wem 9 o r  mre months beyond the onset 
of acute vlral  hepatitis. All had been treated during the acute phase and biop 
sied within the 1st week of jaunillce. Replies were received from 19 and 13 have 
been readmitted or seen as outpatients. All 13 were examined by means of history, 
&sical examination, liver profile, and BSP; 10 had a repeat liver biopsy. Hone 
of these patients has significant symptoms o r  findinp, Liver function teste 
w r e  normal i n  each case eud the liver biopsy varied f r o m  no changes t o  m U m l  
portal fibrosis, occasional focal necrosis, or similar minimal f indies ,  ?his 
followug will be contin& 

liver, preferably fat ty  liver without cirrbosis, are given a standard intravenous 
glucose tolerance test. Cases &wing abnormal tests are than given insulin sen- 
sit ivity tests. In cases showing fa t ty  liver by biopsy, glucose intolerance, and 
insulin insensitivity, and in those with fa t ty  liver but normal glucose tolerance 
and insulin sensitivity, hepatic vein catheterization studies a m  carried out to 
permit coqarisan with animals, Ib date 4 patients have beepl studied by glucose 
tolerance tests; 2 of thsse have had hepatic vein catheterizations, 
were inconduitre but seem t o  parallel filriings in Bnimals with fat ty  liver but 
Iy) cirrhosie. 

Follow-LID Study of Patients with h a t e  and Chmnic ziver Disease. WstioP. 

Carbohydrate Metabolism in &mans with Fatty Liver. Patients with fa t ty  

Ihe data 

Csrbohsdrate Metabliem in Animals with Exwrimental. Patty LiLver. Since 
patieats with fatty liver frequently show intolerantx t o  ca rbowa te ,  a pro- 
gram bas been in progress t o  produce fa t ty  liver in dogs by feeding diets 
deficient in  lipotropic faotors i n  order to  study this dsfect of Carbohydrate 
~ t a b o l i s m .  
liver is produrced consistently after 5 weeks on the diet and that abnormalities 
i n  glucose tolerance are-regdarly produced. lbese livers, homer, contain 
abolOxml.ly large amunts of glycogem. 1) A cholinedeficient diet produces up 
to 23% f a t  in the liver (wet weight). 2) B e  glul=~se tolerance is iqairei as 
early as 3 veeka in =me animals, regularly by 5 weeks. These abnonnalities 
vary from elevated fasting levels t o  frank diabetic curves and clinical diabetes 
(polguria, polgdipsia, and weight b a s ) .  3) liver gIycugen content in 
animals with fat tq  livers averages 7% of the weight, compared to a nom d u e  
of about 3% When compared with the nitrogen content, the increase in  magem 
is evein greater. 4) In f a s t i w  state the liver produces glucose and citrate 
rpld takes up keto acids in such animals, The muscle takes ug glucose and. 
ml8ases phosphate and keto acids. 
blood levels of lactate a n d m a t e  rise, a l e  those of phosphate and citrate 
falJ.. The liver takes tip> phosphate and keto acids and produces ci t ra te  and the 
mscles continue to  t- ug glucose while releasing pborrphate and b t o  acids. 

Studies wzy coompleted in 7 such animals. 'Pbe data show that fa t ty  

whan glUCOS0 i 8  iIlfUSd to eqUilibriUD, 
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Hepatic Blood Flow Studies. Histamine and epinephrine have been Elhown to  
alter hepatic blood flow i n  dogs. These chaxges may have been caused & tbe 
contraction of the spleen which is known to occur when epinephrine is given to 
dogs. In t h i s  pre- 
paration epinephrine and norepinephrine prodwed inconsistent chaqges i n  the 
hepatic blood flow, uhereas histamine produced a definite dscrease in the hepatic 
blood flow, 

Such experiments were repeated i n  splenectomized animals. 

In-vivo Testing of the Citric Acid Cycle. Tests have been completed in 
dogs in  wbich various intermediate compounds have been measured i n  blood, urine, 
lihr, and rmscle after the infusion 
Acetate and ethanol produced an immediate f a l l  i n  blood pyruvate and a la te  
small r ise  i n  btoglutarate. Etbyloxalacetate, fumarate,& succinate infusions, 
howBvBr, produce a marM r ise both of blood pyruvate and ketoglutarate, 
results are interpreted t o  mean that the &carbon particles c o m b i n e  with oxalac+ 
tate t o  form citrate while pyruvate f a l l s  because of combination w i t h  002 to form 
oxalacetate. The 4-carbn particles, bowever, cause no deficiency of oxalacetate 
but rather increase the t o t a l  activity of the c i t r ic  acid cycle manifested by 
increases primarily i n  ketoglutarate and secondarily in pyruvate, 

It was hoped that with the original 
method of Rsppaport and Markowitz, hepatic coma could be produced in  dogs 80 
that a biochemical definition of the disease aad therapeutic trids would be 
possible. !he preparation achieved after several variations of the tecl.miqw 
was not strictly comparable w i t h  the hepatic coma seen i n  humans. Extensive 
biochemical analyses were made. The 1st stage of this prpcedul'e is the producr 
tion of an Eck fistula. 
of the BSP test, the n l i n e  phosphatase, the Urine urobiUnog~, and the keto 
acida, Following the 2nd stage (hepatic artery ligation), the blood ammnia, 
BSP, alkaline phosphatase, aad keto acids were more frequently abnormal than 
were the other liver function tests. 
tests also becamj positive after the ligation. 
positive liver function tests are secondarg to  diminishing hepatic blood f l o w  
rather than t o  parenchymal liver disease. It is  highly qusstionable, however, 
that a l l  of the abnormalities seen can be thus explained. No qec i f i c  abinomali- 
t ies  were noted in  tbe tests taken from the -8 w i t h  hepatic Cor% 
similar t o  the problem found i n  man. No distinction was wm, other than a 
quantitative one, between the dogs that did srd did not develop coma. 
is yet a real question as to whether this coma produced i n  animals and the coma 
seen i n  man are comparable. 

certain %carbon and 4-carbn molecules. 

'phese 

Pmduction of Hepatic Coma i n  JWs. 

5 r e a f t e r  it was noted that there were abnormalities 

!be serum bilirubin and the urine-bilirubin 
The possibility ea ia t s  that the 

is 

!&ere 

Three biochemical studies were carried out. They included: 

Measurement of Citric Acid in Biologic Fluids. A method- was developed 
based upon ofidation-bromination to pentabromacetone. The pentabromacetone is 
measured by the red color produced on heating i n  an al-.kdhsp@dine reaction 
mixture. Of approximately 40 metabolites related to  citric acid which were 
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tested, only b t w b d ~ 5 c  add was found to  give a false positive reaction, 
T h i s  subst- c8n be removed by in i t ia l  extraction and heating. 'phe 
blood level of citric acid was found 
Patients with early acute hepatitis, m r e  chmnic hepatitis, o r  cirrhosis teorit 
to have elevated blood levels while caws of obstzuctive jaamdice have 110- 
ValUS. 

found that patients with liver disease sbow a high level of blood lpetoglutaric 
acid and some also show elenrations of pyruvic acid. 
acute hepatitis reveal that ketoglutarate i s  elevated mre often than the 
vate and reaches peak elevations in the 2ul. and 31d weeke of disease. In 
chronic liver disease there i s  found an elevation of btoglutarate i n  mst caws, 
This, however, is  associated very often with marked daily fluctuations of both 
ketoglutarate and pyruvate. In f a t a l  l iver disease, the ketoglutarate r ises 
relatively hi& more rapituy than does pyzuvate. In 1 patient the ketoglutarate 
rose t o  5 times the aorad. value while the pyxmate was found ta be only di&tly 
elevated just before death. In a few cases of pure obstructive jaundice, the 
keto acids were normal. In a few conplicated cases of jaupdice such hiliary 
cirrhosis with long-continued obstruction and associated pammkpd disease, 
the valws fo r  lretoglutarate were normal. In patients with liver disease wbo 
have esophageal varices there is  110 elevation of btoglutarate o r  of tbe pynwate. 
Imediately after the portacaval &ant there is seen a marked r ise  in keto acids 
which la ter  returns to the preoperative level. %is would tend to iadicate that 
the parenckgmal. r3nmAop. and circulatoe iqaimmt affect the level of keto acids. 
In 1 patient c a r d u l  studies were made before and after portacaval skpznt with 
and without terranlycin. %e ingestion of food s e a s  to have very l i t t l e  o r  IY) 
effect on the ksto acid level. W w i s e  the bacterial metabolism i n  the gut 
appeared t o  have no effect on the blood keto acids. h t  alcohol caused a dmp 
of pyruvate and ketoglutarate, particularly in hepatic vein blood. 

be 13 gamma/cc with a range of 8 to 19. 

dl.Ph*kehzlutarlc Acid and pyruvic Acid i n  Uver Disease, It has betrm 

Serial determinations in 

Anion Fractionation of Urine.  A number of normals and patients with 

It was found on prelindnary m 4 . p I . S  that i n  
I metablic problems have be= studied vely carefully ser ia l ly  by means of anion 

fractionation of the urine. 
organic acid excretion is 25 to 50 milliequivalents per W and this repre-ts 
10 to 18% of the t o t d  anions (exclusive of bicarbonate), In pat imts  with 
severe liver disease the data showed there are plore organic acids excreted than 
are found in n o d s  and relatively more organic acids in m l e t i o d p  to tbe 
t o t a l  anions than are found i n  normals, i n  2 case8 of 
metabolic acidosis associated w i t h  hepatic coma. The 1st was f a d  to have 
a b u t  40 nrlllieqdvalents of organic acid per l i t e r  of plasma, t b  2nd about 
20 milllequivalcmts per liter. Both &wed collateral f-s of acidosis. 
l!he 2nd case of hepatic coma was studied serial ly  over a period of 2 weka eod 
showed a s l o w  but steady r ise of the organic acid fraction in the period which 
ended in death. It is  believed that this represents a failure of the liver t0 
rmve acids which are normally produced by the peripheral tissum. 

9 . b  msthod was 

1 
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Two other interesting cases 03 acidosis (nondiabetic) were studied, 1 a 
3-year-old boy who excreted 128 milliequivdents per l i t e r  of  o ~ a a i c  acids, 
This represented 59% of his anions during his acidosis. NO specific m t a b l i c  
defect was diagnosed. !&e 2nd patient was a 54-3.eax~01.d p a r a u w e  addict 
tSa0 suddenly developed severe acidosis and excreted 455 millieouivalents of 
organic acid i n  1 day, representing 80% of her t o t a l  anions. &e effect of an 
acid ash and an alkaline ash diet on the urinary acid excretion was also studied. 
On the l a t t e r  1 patient excreted 20% of the anions as organic acid. On a 
neutral ash diet this f e l l  to lo$; on an acid ash diet i t  f e l l  to 9%. 

Additioaal data for the quarter ending 30 June 1953 were reported: 

Carbohydrate Metabolism in Animals with Experimental Fatty Liver 

It is desirable t o  cauplete 1 more control animal. Two more stock d i e t  
control dogs were also completed. Althaugh conclusions are pre lb inary ,  it 
has been noted that the choline-deficient d ie t  plus added choline does not 
prevent in to to  the abnormalities that appear in the choline-deficient d ie t .  
~n-Lmnln receiving the special d i e t  do not develop f a t t y  liver nor is the 
glucose tolerance grossly abnormal. Yet it is more abnarnral after 5 weeks 
than in a comparable group fed a normal stock diet. One feature of War- 
tance is the low protein intake. Anlma.ls in the choline-aupplemnted special  
d i e t  develop a coraparekle degree uf hypoproteinemia as do choline-deficient 
animals. Stock cliet animals do not. 

-- 

P o r t a l  Circulation Time in Acute and Chronic Liver Disease 

Further iteterminations of the ether circulation time have been carried out 
i n  60 patients with and without liver disease, with these results: 1) The 
normal time has been shown by previous workers t o  f a l l  between 15 and 25 
seconds. A recent report claims tha t  circulation tines of up t o  Go seconds 
have been found in patients with nonhepatic disease. In 12 normals studied 
here the portal  circulation time varied between 14 and 58 seconds--average, 
37.5. 2) The average time i n  40 cirrhotic8 w a s  38.5 seconds. 3) The 
average time in 14 patients with acute hepatitis  was 38.1 seconds. 
t o  correlate the portal  circulation time with the pressure obtained a t  esoph- 
SgOSCOpy and a t  surgery gave no good correlation. 

4) Attempts 

Follow-up Study of Patients with Acute Blad Chronic Hepatitis 

Eleven patients who particlpated in  the study of d i e t  d exercise in Kyat0 
have been admitted for  further evaluation. mey manifested residual symptams, 
physical. findings, or laboratory evidences of liver disease. 
have 8hau.i a nuuiber of nonspecific changes. 
strikin&ly abnorrhal i n  any of the ll. 

Liver biopsies 
Liver function t e s t s  have not been 

Plasma Volrrne and. T o t a l  Circulating Proteins in 
Liver Disease and inl4aJ.n aurished Patients 

Three patients who had been severely wouarded and developed secondary mal* 
nutr i t ion showed a relat ively high plasma volume when ccmpared t o  their present 
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b d y  weights. The plasma volumes average 2C$ over the exgected normal. 
however, the plasma volumes are related t o  normal weight, they are  then in 
the proper range. This is consistent with other studieo in  32 volunteers who 
w e r e  found -to have a slightly increased plasma volume af ter  starvation. The 
measurements w i l l  again be msde following dietary repletion. One of the 
questions which may be a n s w e r e d  is: 
the state of circulating protein? 
albumin concentration below 3.5 grsms 
I n  2 of 6 patients w i t h  the albumin concentration above 3.5 grams $, the t o t a l  
circulating albumin w a s  below norrnal. 
whether the plasma volume is related t o  the protein concentration, t o t a l  con- 
tent  of the protein, rn t o  the protein fractions. 
albumin concentration bel& 3.5 grams $, the plasma volume tends t o  be high. 
The converse is t rue fo r  the globulin content. 
other than protein content are hxpartant in determining plasma voluow?. From 
the data available one can estimate neither the protein content nor the plasma 
voluane by means of the protein concentration. The 3rd question is: can an 
index of the state of protein nutr i t ion be arrived at by examination of the 
plasma ccanpartment? The Ist approach has been the saline infusion technique. 
Contrary t o  statements made in the literature, it does not a m e r  likely that 
the saline infusion technique w i l l  prme useful. Us- the same principle of 
plasma volume expansion, however, dextran and salt-free albumin w i l l  be used 
before abandoning th i s  approach. A further question was the re la t ive  value of 
the t o t a l  circulating proteins and the total c i r c u l a t b g  hemoglobin 88 an Index 
of protein malnutrition. The findings of others that bcdy weight and t o t a l  
circulating hemoglobin are m e  closely related than are the circulating pro- 
t e h 3  have been confirmed here. 

If, 

does the protein concentration re f lec t  
E a r l y  data show that 3 of b patients w i t h  

have a normal t o t a l  circulating albumin. 

The question has been raised as t o  

In the cih-hatics with s e r m  

This suggests that fac tms  

Serum Iron and Steroids in Liver Disease 

merimental work was completed. 

Since there exis ts  very l i t t l e  precise infarmation on the changes in  the 
serum protein fractions measured by electrophoretic techniques, a se r ies  of 
acute nephrosis case3 have been studied, so as t o  show significant changes i n  
alpha 2 ,  beta, and gama gldbulin. 

A mare extensive study of chronic hepat i t is  wa8 carried through a ser ies  
of glucose and dextran infusions. Changes i n  serum protein conrponents were 
not simply those of dilut ion but involved more camplicated shifts in the 
krterrelationships of the several fractions 

I S t d i e s  on the characterist ic inFrared absolcption bands of the principal 
ccaqponents of normal and hepat i t is  sera have continued. Although such spectra 
are extremely canplex and d i f f i cu l t  t o  interpret ,  there has been sane evidence 
of characterist ic and i d e n t i f i h l e  bands. Thhphase  of the work w i U  be 
discmthued.  

- FVNRE. Work will be continued as indicated. 

343 



IzEFEE(ENcES. Ettinger, Goldbswn, and Smith, "A simplified photometric 
method f o r  the determination of c i t r ic  acid in biological fluids," J. Bo&. - Chem. =:531. December 1952. 

Forsyth, B. It., "A sodimexcreting effect of dssoxycort,icosterone i n  
adrenalectomized mice," Esadocrinology 2:65 .  January 1953. 

Giges, Mann, and Sharon, "13romsulfalein retention i n  qerimental  obstruc- 
tiw jaundice," Proc. Soc. W e r .  Biol. and &&. 2:3?5. 1952, 

Giges, B., aad Ipeschan, P. E., ?he porta l  circulation time in cirrhosis 
of the liver follow& portacaval anastomosis," J. &@. C U n -  Med. 403537. 1952. 

-man, Sbomv, and Hawns, ghrtbreak of idectious hepatitis - prewrmably 
f ood-born~, " J.&&A. L69_:993. 1952. 

Mam, J. D,, Vlasma pmthrombin i n  viral hepatitis and hepatic cirrhosis: 
Evaluation of the two-stage method in 75 cases," OastnoenterolQgll 2l:S3. 1952, 

k n n ,  3. D. et  al. , "Serum cholinesterase activity in liver disease," J. -- Lab. Clin. m. 3:343. 1952. 

Pascale, L. R. e t  do, "chromium intoxication, with special reference to 
h a t i c  injury,' _J.&&A.. J&:U85. 1952. 

Peterson, 4 E., and Mann, J. D. , nTransport of radioactive imn in intes- 
1952. tinal lymph," &. J. B m i o l .  169:?63. 

Sborov, V. M. e t  al., RBacteriology of the human liver," J. Clin. Invest. 
2:987. 1952. 

Seligson, D., and Shqiro, B., "Alpha-bto acids in  blood and urine s W g d  
by paper chromatogra*,N Anal. Chem. 3:754. 1952. 

SeUgson, McCormick, azd Sbomv, "Blood btoglutarate and pwva te  in liver 
disease," 2. Clin. Invest. a:661. 1952. 

Watson, C. J. e t  ale, WA sinpsle method of isolation of crystalline ster- 
cobilin o r  urobilin f r o m  feces," J. Biol. Chem. =:697. 1953. 

Waldstein, S. S., and Steigmann, F., "The effect of other Upotmpic 
substances on the fate  of &line d t e r  oral and intravenous adminiatration," - Am. J. Digest. m. 19:323. 1952. 

344 



c. 

Project No. 6=6O-o%U 
Contract No. MIL60 

NOT FUR HJXLICATION 
Report Uate 30 June 1953 

Viral Hepatitis and E a t i c  Cirrhosis 

Dr. V. Paul IIavens, Jr. 
Jeff =son Medical College 
Philadelphia, Pa. 

-* BRIEF The objective is t o  do metabolic studies on viral hepatitis and 
hepatic cirrhosis, including the use of ACTH and cortisone and their effects 
on sem proteins, ard the relationship of hormonal substances to  hepatic disease. 

PXGRESS. (Annual %port) Metabolism of Gamma G l o w  Luld Certain 
Steroids in Hmatic Disease. previous studies of the capacity of patients with 
chronic hepatic disease to  rmke antibody revealed unusually large amounts of 
circulating antitoxin following the ingection of purified diphtheria toxoid in 
Schick-negative patients w i t h  hepatic cirrhosis. It was not certain whether 
t h i s  represented an increased potential for the production of antibody o r  a 
diminished capacity to metabolize it. 

the elucidation of this question, normal human gamma globulin 
labeled with ISf was injected intravenously into 8 patients with hepatic cirr- 
hosis anit l~ controls (normals and patients convalescent fmm other diseases). 
In 4 experiments, the half-life of injected gama globulin measureS. from 5.2 
t o  10.8 days (av. 7.45 days) in the patients with hepatic cirrhosis, and from 
10.6 to 16.6 day8 (av. 13.36 days) i n  the controls. 
of radioactivity from the blood were rapid and similar i n  both groups during 
the 1st 24 hours; 1625% disappeared during the 1st 4 hours after injection, 
and &%$ had disappeared at the end of 24 hours. 
the radioactivity in the urine was made i n  3 patients (2 controls and 1 cirrhotic) 
during the 1st 4 days after injection, and 40-60k of the w u n t  administered was 
f o\nxl. 

As a step 

The rates of disappearance 

@antitative evaluation of 

Investigation of 1 aspect of protein metabolism of battle casualties with 
poor wound healing has been urdertaken by determination of their capacity t o  
m k ~  antibody (diphtheria antitoxin) followirlg the injection of diphtheria 
toxoid. 

Estrogens i n  the Urine after 1n.Iection of Testosterope. The counte- 
current techniqw of distribution determined the amounts of estrone, estradiol, 
d estriol  i n  the urine of subjects ( w i t h  and witbout hepatic disease) before 
and after treatment with testosterone propionate. Data stggest that the urine 
of normal d e s  contains a small amount of free estriol  and somewhet larger 
amounts of conjugated estrone and estradiol. 
was followed promptly by a sharp but transient increase i n  urinary estriol. 
In subjects with hepatic disease, the pretreatmnt urine containsd somewhat 

Administration of testosterone 
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more free estr iol  than that of normals. After injeation, the -see in an 
fraction was considerably greater ard more prolosged than in mrmale. 

In addition, after admlaistration of testosterone, a wxb8tance sppeared 
in  the urine of patients with hepatic disease ( h t  & in mrxmla) w h i c h  d b i t e d  
the charactarlstic fluoresce- reaction of estrone, estradiol, and estriol, but 
which occurred i n  a different fraction In the counter-current d i s t r ih t ion  parti- 
tionipg pmcedure. E s t W p i c  activity (Mo-assay) was preeent in t M s  fraction. 

.hbtabolism of Testosterone IPVltqQ. Testosterone has been innibated w i t h  
liver ndnce from normal and Zacetaminofhrene-treated rats. Incubations were 
conducted for 15, 30, anb 60 ndnutes, and analyses of the extracted iacabsted 
mixtures were mule by the Zimmerman, gOe3nig, end Pincus reaations and lqy ultra- 
violst  absorption (Beckmen). lhese procedures ebould indicate the rate of 
alteration of &g A of testosterone and the rate of accllrmlation of 1'7-bto- 
steroids i n  general and of androetellone specifically. Results obtained rereal 
no significant differences between the normal and damaged livers. They do 
eqhasize the Illneubood, bowever, that Wminute incubation may Jrield Morn- 
tion that is not obtained to. the customarg 1- or  2-hour incubations. 

l h i e  mrk on livers of nornml rats pretreated with testoetemxm (before 
sacrifice) strosgly wrggeste that the in -v iv~  metabolism of this hornone may 
differ considerably fmm the c-a it udwgoea when incubated with Uver - in vim. Ibe eaect nature of th is  difference I s  not clear, but prelidxwy 
observations iadicate that, in vim, alteration in Blpg A occure rather slowly 
(bye) as compared with the very rapid (-tee) change which it uIldergoes 
vitm. 

MstaboUemof Aoae etemne. Determinations of the excmtion of pgmmdio l  
in the urine followhg iqjections of progestmne vere made in 25 pubjects with 

Tticdisaa-, end without hepatic disease. In =me cam8 of eevem 
centage of the iqjected hormone recove- as e o  wa8 very w, 3; 
in those less seriously sick the pementege recorered was little altered fx'tm 
that found in mrmals. 
role of ths l iver  in  the metabolism of plogestemm in m, pl'evioua animl 
tes ts  yielded information on this subject. Ths recovery of pregnansdiol is 
depedeut on a t  least 2 steps: 
4 the degradation of pmgwmdiol. The latter proceaa is certainly 
in severe hspatic disease, thereas nofihiag definite can be stated about 
former. 

followed Q a rise i n  excretion of l'l-kstosteroids. 'phs amunts of 17-1Peto- 
stemids will be determined in  aliqwts of the above spedmans. 

Althou@;h t b i e  w a r s  to be the 1st obsemation of ths 

the conversion of progesterons to p-01 ww 
Pilot studies suggested that the administration of progestemne lpay be 

? 

Metabolism of Cortical B o r n  nes. Studies on ths excretion of fomU&ydo- 
genic steroids followiw tb adudaistration of either cortisone o r  A d B  in 
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;t 
patient8 with hepatic disease gave variable results, Whezleas the pattern of 
excmtion of these steroids i n  801318 Instance8 appeared to be normal, there was 
obeerved a lack of response in  othera, &re observations w i l l  be required, 
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Contract No. 

ExDerimantnl and Clinical Studies on Acute and Chronic h a t i c  Mlreaae 

Rr. Cecil J. Watson 
Department of k3icine 
University of Minnesota b e p i t a l a  
W a p O U s  u, 

BUEF 
pbpiologlc dysfunctions encountereti i n  infectious h a t i t i s  i t s  h n i c  
8 e p l a e  with the patholcgic chazges and clinical. s;lmpptoms attributed to  the 
infection. 

The objective is to conduct studies which will correlate the 

I d-mbilin end d-mbilinogen. A valuable Blethod of isolation of b 
Urobilin waa worksd out and publi-. W s  is e c p l l y  applicable to 8 t s r o a M U  
A better method of crystalllzlllg these colqpounds from mew1 alcohol-etbyl 
acetate has been reported. & the use of methyl alahol and aceklIlB, it vss 
possible for the l e t  time to crystallize the free d-llrobilin. The l@rohnbQ 
has also recently bees crystallized to very mod advantw. Frtre d.urobilin, 
the hydrochloride, and the lgdmbrpnbde have all be- analyea%, the data egreb 
iag best w i t h  the fornula c33H4#4060 d-mbilln ( t h  iaomric with msa0bbI.i- 
violin) is very readily Caaverted to  th is  compoand rud by further d&dmgmation 
to the blue gleaobilin. 

linogens have now been ieolated: 1) n very light y e l l o w  m q o d  of tb f o e  
C 3&$i4069 2) a oolorleqs subst- which i a  about t o  be analyzed. Both of 
dew,  on simple -enation,  pie^ a deatrorotatorg 
reduction with nmnlp.am am converted t o  meeobillrubbnoges, 
la t ter  change is irreversible. 

f r o m  the feces of patients w b  have received aureo- or tQlTanprdn were believed 
to represent an abnormal sequence due to  
recent work izdicates that d-uroMllnogep1 may be 8 normal htermsdiarg. 

drurobilimgen. ( W i t h  Dr. Paul hny) Actually 2 crystalline d.arobi- 

both on 

tion of 
the op t i cam inactive u.mbim.TZZws 

slteration in the bacterial flora; 

If Direct comesion of bilirubin to umbilin. l b i s  was reported in th6 
1st reference below. 

I11 The atudy with Dr. Paul &wry cbarly showed that fecal bacteria cop 
vert Nu mesobilirubinogen to sttmmbilin, Tlbs former c o r ~ ~ d  wa8 obbimd 
by adminietering bifi glycine to a patient with hemolytic j a a d b @ ,  to wbm 
t e r r q i n  has been given, briefly. Ihring the earlg period of the twmw5.n 



c. 

, 

effect on the fecal flora, most of the Idle pigment excretion is  i n  the form 
of Mlirubin. 
bnumn feces was worked out and reported i n  a separate paper. 

what I s  b e l i d  to be a verg accurate slld sensitive mew for the deterrminstion 
of mbilin and/or stercobilin i n  blood, Tha present method excltdes choletelin 
on the basis of certain optical properties. Evidence sbws this method may 
pmve of mnch value in the differential diagnosis of jaundice ani the detection 
of liver disease. Ihe study will be pushed actively and will be directly come- 
lated with studies of the type and wunt of urobilin i n  the urine L e . ,  the 
ratio of dextro, laem, and o p t i d l y  inactive uroMlins i n  different cases). 

V Esperimental hepatic (sedorrtd) m a ,  'pbe consistent pproduction 
of an experimental hepatic porpbyrla in animals by means of sedormid consti- 
tutes 1 of the most material recent advances i n  t h i s  field. It now appears 
that rats and mice are just as susceptible to the effect of sedarmid from the 
standpoint of their porphyz5n metabolism. C a r e f u l  observation confirmed the 
belief that excessive porphyrin and porpbobilinogen formtion is in the liver. 
A patchy porphyrinization of certain parts of the nervous system has been 
obsemd, both i n  rabbits d rate, !l?bis is inconstant in character and there 
i 6  no evidence that the axcessive porpbyrin is formed in the nervous system. 
-her studies of the liver catalase consistently ahowe a very great reduction 
i n  activity. Studies are i n  progress to make certain that this i s  due to an 
actual redaction in the amount of catalase a d  not to lnhibition alone. ACTH 
tbmapy has failed t~ ed'fect the ds.velopment of the polcpbyra following sedonatd 
o r  t o  alter i t s  course, 

A new and verg satisfactory me tw of isolating bilirubin f r o m  

IV Ibe stw with Drs. Schwartz and Robert Green has finally resulted in 

VI PbrphobiI.imgen. It was reported (bwldnson and Watson, Science, ~ 5 :  
4%, May 2, 1952) that porphobilinogen could be separated f r o m  an Ebrlich - 
negative porphp-in precursor and that once separated the porphobilinogen could 
not be converted to porp&rln. 
incorrect, B e  conclusion depeaaed on the observation that porpbobilinogen 
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 porpbobilinogm from huiuan porphpia urine and found this 
compoand can be partially converted to porpbyrln. 
confirm his metbod of isolation. 
from cryatallirur porphobilinogen under suitable conditions. It i e  mw evident 
that the conversion o r  nonconversion to porphyrin probably depends upon the 
existence of the porphobilinogen in 2 forms, 2 a d  9. 
necessary for the conversion of _a to  &, before 3 can yield porpl-qmin on heating. 
The possibility is not yet excluded however, that there is actually but 1 form 
aad that conversion depends upon the necessily of fulfillirg certain finely 
drarwn corditions, in the solution, as suggested by Herbert (Nature, 1952) who 
stated that increased ' i f e r  capacity and ionic strength depressed porphyrin 
formation. 
bahavior of porphobilillogan in those solutions which failed t o  yield porpbyrln 
on heating. On the-basis of preaent data, it seems not unlikely that there are 

It has becorm evident that this is partly 

It has been possible to 
It is true that porphsrln is readib obtained 

Certain conditions are 

While partly true, it  i s  obviously not the explanation of the 



2 forme, as referred to. It is clear bow-, that ths Ehrllchnegative form, 
if it i a  indeed an entity, i e  quite different from the Ehrlichncgative pre- 
cursor previouely described, eutractible ky etqyl acetate and converted to  
porpbpdn by W radiation. New methods of cancentrating porphobiUnogen are 
beiqg applied to a search for  smeill amrunts which would not be detected Qy 
tbe simple Ehrlich afdehords test 011 the untreated &ne. 

VI1 Uraporpbyrin. &%I& time h e  been devoted to the isolation and further 
st&y of the mporpl.grl-ins from cases of porphyria. IlLmiDgton i n  wd stated 
that the Waldenstfim porp&rin, rspbrted prdously f r o m  this lab-ratory t o  
consist mainly of uroporphsrln I with a amaU arpount of a type I11 hepta carboxyl 
p o w ,  consists rather of about 75% uropoqbyrin III and Z% uraporpbsFin I. 
Renewed study still in progress here has only serped to confirm tihe earlier 
observations that the Wald,enstrh porphyrin -ly yields a coneiderable 
mejority of copra rpbsrin I on decarboxylation. lhere was obtained uroporphyrin 
111 from !Curah p" copper wporpbyrin of the wing feather of ths turacua bird). 
In other species, however, the t u r o p o m n  in the feather i a  the type I iaomr. 
In the erythropoietic or coqgenital photosensitive type of human porpl.grria 

this porpbsrin and tb umporpbyrin 1x1 from Turacin as his reference compouada 
and w i l l  publish their characteristic differences, Be claims that the WaldePlstr6m 
p o m n  from acute porphyric urine is mainly type I11 isomer. It is believed 
that this conclusion is  not warranted: x-ray c rys t a l log rwc  studies are in 
pmgress. Methods of isolation are being studj.ed to determine whether this is 
a crit ical  factor w i t h  respect to the isomr type which is isolated. 

V I 1 1  An ertensive study of liver and bone marrow porphyx5a content i n  31 
cases of porphyria pernrltg a clear in&$& into the pa'tb0g;enesis of the different 
forms. There are 2 main groups: 1) brphyria erythropoietica, hitherto kmwn 
as the cosgenital or photownsitive type, often characterized by hemlytic anemia 
and splbmegaly in eddition t o  Mtosensitivity. In this form it is  nuw c h a r  
that the porphyrin formtian tabs place in the develop- erythrocytes of tbs 
bone mmw. 2) hrphyria hepatica, wUch has 3 sdbgropa, in a l l  of which the 
porphyrins o r  their precursors are formed in the liver: a- intermittent acute 
type in which the l iver contains l a w  amunts of porphobilinogen and other 
porphsrin precursors, which are errccreted mainly in the urine. b Cutsnea tarda 
type, characterized 
symptoms. In this form the liver contains @e amounts of pmformea porphyrin 
and relatively l i t t l e  precursor. 
especidly capro- d a l l  of the proto-, are excreted i n  the feces. Pbrptxr 
biUwgen is not demonstrable. 
sMtaneousQ- o r  at different times, atriominal and nervous manifestations and 
photosenoitivity. When the former are present, porphobilinogen and precursors 
are usually f o d  in the urine: when only photosensitiviw is  apparent, porpho- 
bilinogen is lackisg and the liver contains large w u n t s  of preformed poq$gmh. 
In several cases of the m i x e d  type a t  1 time there was anly photoaansitivity 
d at  another only abdominal o r  neryous manifestations. 

almost all of the porphyrin axcFete is U r o p o ~  I. RimiIagton has used 

late development of photosensitivity without other 

Considerabh fractions of ths porphyrin, 

c- A mixed type, in w h i c h  the patient has, 

1 



c. 

IX Viscosimetric determination of ths plasma fibrillogen, h, 
Peterson, stodgiqg extensively the v i w s i t y  of serum and plasarr, foptld that 
the difference is directly related ta the flklrugem contmt, lhua a ainpb 
metbod is available f o r  quantitating fi- in the blood plaama, A v81y 
good correlation was obesrwd with the values obtained the cowemtlonal 
mtbod, which I s  nuch mre  difficult ami tinm-cwn-. !be only dleadrantclge 
of the viscosimstric metbod has been the reqnirament of a minieum of 5 ace It 
is bellewed that t h i s  can b obviated by the use of a microvimsimeter. It I s  
hopes that a at* of fibrirrogen can be mada in hepatitis at different etsgee, 
It ha8 been well known and often observed in tMs clinic that in acute hepatitie 
the erythrocyte sedimerntation velocity i s  n o d .  Thls i e  mst libla on t&e 
basis of a reduction in fl-. Since the glohlin often r i s e s  rather 
rapidly end has the apposite effect on sedimentation, a eignificant reduction 
of fibrimgea mi&t be maskbd by an elevatd glohlh.  
t o  restudy the f i u n  levels at various stbgea of hepatitis with t h i s  eClprlr 
method, 

It YOU be uorthiwidle 

I Patholom of Meterv BeD atic Necrosis In the Rat. lime structural 
alteration of tb liver that resnlts fmm recurrmt -episodes of dietary 
necrosis was sttldied. Attempts weire made to favor the development of an 
e q e r h n t a l  form of postrrecmtic drrbosia in such n n i a g ,  Obaervations 
to  date indicate that dietary necmsis in tbe ra t  does & msult in c i r r h d a .  

w h i c h  cause8 all of than to die of a massive hemoIThegic rrscrosis of tbe liver 
4 to 10 weeks after they are placed on the diet. In 30% the 1st.attack is  
f a t d  (a massive necrosis). Ibe remainder survive 1 or more at- of a 
submassive necrosis but eventually WlCcIllDb to  a later attack a?s OCCUFTBP~CB 
of nonfatal attacks of n s w s f s  can be detected on pathologic eaandnation by 
characteristic sawring of the UW. It is  also possible to  recugnize by 
billmbinuria the occu~~ence of some attacks darisg life. Dailg urins testiqg 
f o r  bilirubin perndts dstection of aome attacks and alteration of the courre 
of the disturbance dter an initial episode of necrosis. Ibun protective 
srrbstances (tocopherol, cystine, or  antibiotics) can then be gives. The pnt- 
cesses of b e a u  that follow mbmesive l iver n s m s i e  of dietary origin hnrs 
bean studied. Antibiotics, a l e  they Q not entirely prwent further attacks 
of necrosis, do perruLt longer sunrlvel. 

Met- necrosis in the rat pmduces a goatnecrotic scblTIl9g of the liver 
that greatly distorts its -sa codiguration. The scarred areas a m  deprscilld 
and consist of a condansation of the larger Mle &ts, ~ L n s ,  and arteries 
with their immediate wrpportiqg fmmwork as a result of the m e t e  dismcu~ 
l l l l ~ e  of the pare- cells. Yibrode in the scarred areas 28 
~?&,ul.ar regeneration in the f o r m  of coluwartric hyperplastic nodaler is m-0- 
uously absent. 

Material was o b t m  from e n i d s  maintained on a mcFOgsnic yeast diet 



!Cwo featuree, nodular regensration and fibrosis, distiaguisb experimental 
cix~bosis. !bey ocmr  regularly i n  ra ts  when prolonged fatty infil tration of 
the liver i s  brotght about by a choline-deficient diet.  Ihe mgeneratiw 
aspect that follows submassive liver necmsis consists of hyperplasia of the 
remaining intact adunaffected areas of hepatic tissue, This appears to be 
sindlar to the type of regenerative hyperplasia that occurs i n  the residual 
lobes of the normal ra t  liver following partial hepatectoqy. The stimulus 
is a loss of functional hepatic tissue. It is a potent stimlus that occura 
whether the loss of tis- results from surgical ablation o r  f r o m  the resol* 
tion following extensive dietary necrosis. When such a stimulus affects area8 
of residual liver tissue that are bounded by si tes  of scLuTing, the hyperplaaia 
that follows assumes tb forn of a %onodulen in the ems8 that this projects 
from the surface of the liver as a muruled &ewe. 
normal hepatic architecture a d  normal spatial arrasgenaests of central vein 
and portal, triads. This is very different from the concentric hyperplaetic 
or edenomtous nodule seen i n  txw cirrboais. 

Such areas maintain 

For a sumnary of these data we the 3rd reference, 

11 Po- n Iktabolism i n  Emerinrental Uver In.-jur,y . A series of investi- 
gations h been completed and 3 manuscrlpte suMtted f o r  publication. 

-* FUTURE Work w i l l  be continued as indicated. 

REFElU?[;ES. Watson, C. J, , Tfhe direct preparation of crystalline urobilin 
from bilirubin," d. Biol. them. =:2 (Pelf) 1933. 

Watson, C, J. e t  al., "A Simple metbod of isolation of crgstalllne eterco- 
bilin o r  urobilin from feces," 2. Biol. =:2 (Feb) 1953- 

Iloffbauer, F. W., 
of cirrhosis following 

and Wittenturg, B., Metary hepatic necrosis: absence 
recurrent episodes," w. proC. 12092 (March) 1953. 
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to. REQUIRRMONT AND/OR  UST TI PICA TI ON 

Hemorrhagic fever as a disease ent i ty  became a problem of considerable 
military importance when our troops entered the  area of endemicity around 
the 38th parallel of Korea. Moreover, since i t  bas a comparatively high 
mortality rate, there is  considerable urgency t o  study this disease. 

11.RRlllr OF PRWECT AND OBJECTIYB 
a.  Brief. The objective I s  t o  conduct f ie ld ,  laboratory, and c l in ica l  

studies of hemorrhagic fever, t o  elucidate i t s  epidemiology, identify the 
etiologic agent, establish i t s  mode of transmission, and thereby provide 
ra t iona l  approaches t o  i t s  prevention and treatment. 

This disease ent i ty  was unfamiliar t o  Western medicine u n t i l  the 
present Korean conflict. Its exlstence and i t s  potential m i l i t a r y  importance 
were known t o  the Army Medical Service. 
possible because the areas i n  which the dieease was and is  endemic were not 
accessible t o  Western medicine. 
was confined t o  the Russian and Japanese journale, but early attempts t o  dupli- 
a t e  the results of both the Russian and Japanese have been unifarmly umuc- 
cessful. 
the  case f a t a l i t y  r a t e  was reported as from 20-25$, it became imperative that 
studies of this disease be undertaken promptly and that a l l  available modern 
techniques be uti l ized and, if  necessary, new techniques be evolved. 

Heretofore studies of it were not 

Literature regarding studies of this disease 

Since, i n  the experience of the Rueeian and Japaneee physicians, 

b .  Approach. 

(1) To study localized outbreaks i n  order t o  elucidate the epidemi- 
ology . 

(2) To search for  eusceptible laboratory host(s)  i n  order t o  i so la te  v 

and characterize the etiologic agent. 

( 3 )  TO conduct entornologic studies both i n  the f i e l d  and laboratory 
t o  identify the inaect vector or vectors, if any, and t o  discover the interme- 
diate host or hosts, i f  any, which may be the  reservoir of its endemicity. 
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(4) To develop epecific diagnostic criteria, including serologic 
techniques, by which Infection can be demonstrated. 

(5) To clarify the pathology of the diseaae so that rational ap- 
proachee t o  ite treatment can be made available. 

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

c. Subtasks. 

Arrsg Medical Service Graduate School 

To conduct studies on the etiologic agent of hemorrhagic fever. 

(2) Harvard Universit~ - Drs. J. C. Snyder and H. S. Fuller (wae 
6-61-09-22) 

To study infected arthropods as experimental animsls, in an 
attempt to grow the etiologic agent of hemorrhsgic fever. 

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

To inveetl@te the renal lesione of hemorrhagic fever and related 
conditions. 

(4) New York Univereity-Bellevue Medical Center - Dr. David P, &le 

To study and evaluate certain phyeiologic and biochemical phencaaene 
that occur in hemorrhagic fever. 

(3)  J o b  Hopklns University - Dr. George 0. Cey 
To conduct studies aimed at ieolating and producing multiplication 

of the etiologic agent of hemorrhagic fever in etandard bumn tissue culture and 
in newly ieolated etraine of pure human tissue culture. 

d. gther Infomation. see rqort on hmrrhagic fever under 6-61-01-05, FIWU. 

e. Backmurxi a d o r  ~ p n r e  as. A l t b o e  the Conrdssion on Hemorrhagic 
Fever was formally activated in October 1952, it s t e d  directly fro% the Field 
U n i t  of the Armed Forces %idendological %ard which had been organized in April 
1952 to investigate the disease in &rea. 

Since April 1952 the Field Unit has been continuously active in the Far 
East, i t a  composition changing from tine to time. The majority of the personnsl 
have been stationed at the Hemorrh~&c Fever Center in &rea but some have served 
at the 406th Medical General laboratory in Tokyo, which has been the base of 
operations. The faci l i t ies  available have been superb i n  comparison with those 
usually available for field wrk. 
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The mrk of the Field U n i t  i n  the Spriag and surrnrier of 1952 concern& 
p d d l y  studies on various aspects of the epidecdology of the disease and 
etbqptr to establish the agent i n  a susceptible laborataxy host. They mey be 
sumnarlzed briefly 6s follows. 
fever pmvided i r fomt ion  which was compatible with tis *thesis that practi- 
cally all the affected members of a givan unit were infected b s t  sirmltmeously 
bx mms of an arthropod vector distributed i n  small foci scattered throughout 
the endemic area. Ehtoml~gic surveys of a number of the locations where troops 
had been infected revealed fbdhqy which, i n  the light of the other epidendologic 
observations, could best be interpreted assuming that a chigger was the mst 
l i k s l y  vector of the disease, These ideas and byp tbses  began to je l l  e d y  in 
June nnd the avdlable evidence seemed sufficient to warrant intensification of 

which would be most effective against the terrestrial arthropods. 3xh a program, 
instituted on an appreciable scale i n  mid-June, has been maintained since. within 
some weeks after the beginning of the prvgram the spring-sumner outbreak stopped, 
but previous experieslce of Japaneee and Bnasien &rows in tbe Armr valley area 
had shown that the dieease, which we cal l  bemarrhsgic fever, usually stoppea about 
this time. The expected f a l l  outbreak wuld give the 1st indication of ths possible 
v ~ l m  of the control measures. 'phe number of cases of hemrrbegic fever occurring 
during the f a l l  of 1952 was appreciably less tban dwclng the fall of l951. A t  
thie stage it is  obvious that no crit ical  evaluation of the control pmgram is 
possible. The program is  ~J&I& continued, end further efforts  are^ being nmde to 
evaluate its efficacy. Furthemre, etudies on tbs ecology of the dimase are 
being continued, w i t h  particular m s i s  on nmnll rodents and their arthmpods. 

All attenpts to find a suitable laboratory host for the agent of hemp 
rhegic fever have been unsuccessfl& It is worth recalling that both the Russians 
and t b  Japanese have successfully transmitted the agent in series from man to man, 

were passed through the ordinary f i l t e r s  employed in virology. 
Field U n i t  of considerable interest was the occurrence of small structures, which 
bear gome resemblance to the rickettsia-elementary body gmq of lnicrobial egents, 
i n  the cytoplasm of cells of certain of the patients who die f r o m  hemmhtgic 
fever. 
statement regadkg tlreir nature is warranted at  th is  time, Curmnt ard projected 
studies on the etiologic agent concern attempts to find a suitable host anbsg the 
small xtmmnd.8 and annne; the arthropods, as w e l l  as attempts to  grow the agent in 
tissue cultures containing hwnan cells, 

gations ?qr medlcal personnel of the Far East, that ndtber the chemotherapeutic 
agents b t i v e  against the bacterial and rickettsial o=Anisms nor hman am- 
valescent Sera were of appreciable value i n  the treatment of b s m h e g i c  fmw. 
Nevertheless, the intelligent application of enpiric methods bad resulted i n  the 
develxrplnent of a regimn for  the hrdling and care of  patisnts which was associated 
w i t h  a reduction in  mortality to  about 4 4 % .  P r a c t i d Q  alI. of the deaths occul~  
red in patients w i t h  m r e  protracted hypotension and shock. The need fo r  better 

Investigation of small outbreaks of hemorrhagic 

the W C t  COntml prOgrt2U O f  the 8th w, W i t h  p€irtir?rrlnr On mea8uTes 
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repl.oducine; the typical clinical findings with materials WMCh in some instances 
A f a  of the 

Studies on these i n t r i m  structures 8t.e being continusd, but m definite 

the fall of 1952 it was evident, as a result of the clinical inweti- 
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understaxxling of the p&siologic abrmal i t ies  in this disease VBS obvious, h 
appreciable a m o a t  of information from the sttdles p n d e r t h  is being andyzed. 

which were develuped during the fall are of particular internet. Ik. Barry Woos 
suggested that the loss of arteriolar tone is the funkmental defect in herpofihegic 
fever and that the increased cq i l l a ry  penoeability and the congestion of mmU 
vessels might be secondary to  the arter iolar  dyEcrrmction. He postulated that 
such dysfunction mi&t be alleviated by the u88 of noradrenalin. lphe eaperlenca 

that noradrenalin was a valuable drug in mmagixg the shock ancountered in patients 
having hemorrhegic fever. Further evaluation of this adjunctive treatment of 
hemorrsnagic fever will undoubtedly be obtained. Dr. David Earle ard others a t  
the Center pointed out that reduced blood f l o w ,  hypotension, pooling of blood in 
dilated capillaries, and increasiPg tissue edema all contribute to  the p m f d  
dysfunction of selected organs such as the lddney. Dr, &rle ala0 e q b i m d  
certain of the findings duriq the la te  oUguric and early diuretic phaees of 
the disease (whm reooverg is  just beginnisg) on the basis of a ayIylrome of =la- 
tive hypervolanba. A t  t h i s  time &en arteriolar function is  beginning to recover, 
with a resultant increase in blood pressure and begimhg return of fluid from 
the tissues to the circulation, there mey occur an increase in circulat- blood 
volume, with 60- byp&ension and increased rate of blood flow in certain anatondc 
areas. Theoretically, aggravation of illness at  this point might be alleviated bs 
phlebotongt, and in =me instances this procedure se~emed. baneficial in relievipg 
the episode. Further study of the concept of relative bypemlenda in hemll.hegic 
fever i s  indicated, as is a clinical evaluation of phlebotow a t  t h i s  particular 
point in the disease. 

fever was prepared by members of the Comadssion and medical officers of the 
ndlitary services, 

Personnel of the Amw Medical Service Graduate School have studied 
various aspects of hemorrhagic fever, In the laboratory and in the field in 
the Far East. 
Field lnvestigaticm~ on the spring-emmer outbreak of 1953 are still In pro- 
gress, but h few point8 are worthy of menticm: the manber of case. bas been 
relatively emall, only acne 6O-Oaa bein& diagnosed by mld-hne; no startling 
information ha8 yet been forthcmlng regardlng recogniz&ble evidence of propa- 
gation of the agent of' hemorrhqlc fever In the laboratory; and the body of 
evidence s t i l l  remains caapatlble with the hypothesis t h a t  chlggsrr arsy ierve 
86 vector8 of the disease and that appropriate control meaaure~ may contribute 
t o  a reduced incidence of disease. 

Iko concepts reg- the almormal pbssiology of heeporrbsgic fever 

of the staff of tbs HemolTh8gic Fever center duripg the fall appeared to ebov 

A Department of the Arnzp 'pechnical Bulletin on epidembc hslgorrhagic 

Tht results of  most of the completed work are aramrarized above. 

During the past quarter, cultivation of the agent of hemorrhagic 
fever i n  embryonated eggs gave negative reaultr; convslescent sera from 
patients having the disease contained no antibodlee againat dengue vimer;  
and a rickettsia of the epotted-fever group me  recovered from a Korean Microtus. 

So far, Gelman'a (MD-113) work on the hypotheeis thst epidbmlc 
hemorrhagic fever resmlea heartwater fever of cattle ha8 produced no gross 
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leSlOnf3 resembling either disease and no orgsnisma reseabling the rickettaiclr 
l ike  bodies of patients having hemorrhagic fever. The experience of Dr. 
D. A. Halg of South Africa with heartwater fever In  a variety of anImal.6 
(see Gelman's detailed report) shove that at least 5 sheep and 5 goate 
should be inoculated to determine the susceptibility of these a n i l e  to a 
possible agent in hemorrhagic-fever blood and tissues. Expsrlmentatioar on 
relapsing fever 1s continuing because its symptams are siPailar to thoee of 
hemorrhagic fever. 

Snyder and Fuller (MD-398) report that once when the specimcn 
Uberson H563 - 2 July 1952 war3 used, intracellular scrub-typhus-like 
organisms were seen In "Infected" x-reyed cotton-rat liver and spleen. It 
has been impossible to repeat or to demonstrate this finding In subsequent 
passage materials. 

regularly, on passage of "infected" materials, a fairly extensive mono- 
nuclear peritoneal exudate in suckling cotton rats; this type of endate 
did not appear when tlesues of normal suckling cotton rata wen Inoculated 
instead of the "infected" tissues. 

With McCoy autopey material these lnvestigstoro have n o m  quite 

f. Future P l sns .  Studies will be continued a8 indicated. 

g. References. Progress reports of investigators. 



Project No. 6-61-03-33 NOT FOR PUBLICATION 
Report Date 30 June 1953 

Etiologic Agent of Hemorrhagic Fever 

Army Med Sv G r a d  School 
Walter Reed Army Medical Center 
Washington, D. C. 

ERIEF. The purpose of t h i s  work i s  t o  conduct studies on the etiologic - 
agent of hemorrhagic fever. 

Field Studies. hro members of the Department of V i r u s  and Rickettsial  
Diseases and 1 of the Department of Entcmology served with the Field U n i t  of 
the Commission on Hemorrhagic Fever i n  the Far Eas t .  Together with repre- 
sentatives fram Yale and Johns Hopkins, who also joined the Unit i n  April, 
snd with personnel of the Field U n i t  and the 406th Medical General Laboratory, 
they have continued studies designed t o  establish the agent of hemorrhagic 
fever i n  a laboratory host. 

Attempted Cultivation of Agent of Hemorrhagic Fever i n  Embryonated Eggs. 
There has been no consistent evidence that a transmissible agent has been 
maintained i n  any instance; e f for t s  allocated t o  t h i s  phase of the work w i l l  
be diverted t o  other studies on the agent of hemorrhagic fever. 

Search f o r  Dengue Group Antibodies i n  Serum Tram Patients with Hemorrhagic - Fever. Although the agent of hemorrhagic fever continues t o  elude establish- 
ment i n  laboratory hosts, some idea regarding its nature might be obtained i f  
it could be found t o  have an antigenic re la t ion t o  known microbial agents. 
One approach t o  this problem is t o  employ sera frcm patients recovered from 
hemorrhagic fever i n  tests with v i r a l  and r icke t t s ia l  materials i n  the hope 
of demonstrating the presence of a cross-reactive antibody. Negative results 
were obtained earlier i n  such tests with a nurnber of r icke t t s ia l  antigens here. 
Additional studies along t h i s  l i n e  were undertaken by Dr. Albert Sabin, using 
the hemagglutination-inhibition test with dengue antigens and hemorrhagic 
fever sera sent from t h i s  School. The resul ts  of h i s  t e s t s  were ent i re ly  
negative. 

Rickettsiae of Spotted Fever Group from Korean Microtus. A r i cke t t s i a l  
agent which is  a member of the Rocky Mountain spotted fever group of organisms 
has been recovered from tissues of a Microtus trapped i n  the Chipori study 
area i n  mid-October 1952. The animal, designated No. 1B and presumably 
Microtus f o r t i s  pelliceus, showed no gross pathologic changes when it was 
sacrificed shortly a f t e r  capture. Its t issues were removed aseptically and 
frozen a t  -70' C. un t i l  thawed a t  this School on 1 April 1953 f o r  isolation 
studies. This animal, along with other Korean rodents, was included i n  tests 
designed t o  isolate  E. tsutsugamushi since t h i s  agent has been encountered 
previously i n  rodents fran the areas under ecologic study by the Field U n i t .  
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(Incidentally, Microtus 1A taken at the same time fran the same location 
did yield - R. tsutsugamushi.) 

A suepension of liver, spleen, and kidney of Microtus 1B was inoculated 
intraperitoneally into 8 adult white mice. 
day showed no abnormalities, but a 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-passage mice showed saue 
peritoneal exudate whlcii contained a few intracellular rickettsta-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 ricketc 
tsial structures were recognized in smears of infected mouse tissue, and 
suspensions of such material (4th muse passage) were inoculated into the yolk 
sac8 of embryonated eggs and into guinea pigs. 

Two animals killed on the 17th 

In the 1st passage of the Microtus agent in eggs, numerous rickettsiae 
A complement-fixing antigen were visible in stained smears of yolk-sac tissue. 

of the soluble type was prepared frun 2nd yolk-sac passage tissue. 
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-lymphogranuloana group of virusee. The 
results of these canplement-fixation tests clearly indicate that the Microtus 
rickettsia contains the group antigen of the spotted-fever family of agents. 

This re- 

Guinea pigs injected with Microtus agent developed fever and scrotal 
swelling within a few days, and these continued for sone days. 
the 1st few passages all survived, however, and none displayed the scrotal 
necrosis encountered with highly virulent strains of RMSF. 
of significance included inflananatory reaction of tunica and testis with some 
exudate, and slight enlargement of the spleen. 
showed rickettsiae. 

Guinea pigs at 

Autopsy findings 

Stained smears of tunic exudate 

Since the Microtus agent possessed properties of the spotted-fever group 
of rickettsiae, gulnea pigs known to be Immune to RMSF were challenged with 
the new agent. W n e a  pigs immune to the RMSF agent appear to have some 
slight resistance to the Microtus rickettsiae, but by this method of testing 
the 2 agents 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 fran patients with hemorrhagic fever were tested with 
2-4 units of Microtus complement-fixing antigen of the soluble type. 
the results were entirely negative, the Microtus rickettsiae do not appear to be 
concerned wlth the etiology of hemorrhagic fever. 

Since 

The observations reported above present the 1st evidence that a rickettsial 
agent of the spotted fever group occur8 in Korea. 

FUTURE. These studies will be continued. 

(w See mature onHemor&a~ ic Fevers.! 
6-61-0-332, V h s  & Ri kettsial Diseases, for %view of W e t  
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Project NO. 6-61-03-33 
Contract No. MD-113 

NOT FOE PUBLICATION 
Report Date 30 June 1953 

Studies *on Epidemic Eenorrhagic 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 (6-61-05-11). 

PROGRESS. In October 1952 a report of field and laboratory studies on 
epidemic hemorrhagic fever (EEIF) described rickettsia-like bodies (RLB) found 
in endothelial cells in stained films from 3 of 10 autopsies. 
undertaken of the hypotheses that (1) EHF resembles heartwater fever (HWF) 
of cattle; (2) E€iF is the result of a focus of infection by visible parasites 
in the vascular bed hematopoietic organs, and, possibly, endocrine g1ar.ds 
of the host; and (3) ERF results from the spread by the blood of highly toxic  
metabolic products of the parasites, leading to serious damage of the blood 
vessels and 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 E€@ into sheep and goats; and to section and 
stain EHF autopsy tissues to allow a search for RLB and t o  elaborate the 
histopathology of the disease. 
suitable experimental host is found. 

Test was 

The 3rd hypothesis cannot be tested until a 

Two male and 2 female full-bred Merino sheep were obtained; on 4 November 
the latter were inoculated with 4 cc. and 5 cc., L-espectively, from ground 
tissues of patient McCoy. These sheep had been followed for 2 weeks pre- 
viously to be sure that they were without apparert disease. 
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 
died15 December. Autopsy showed that the animal hod been pregnant and had 
died of pneumonia. No gross lesions resembling EHF or H%T’ could be found, 
and no organisms resembling the RLB from ERF patients .were seen in stained 
films made from the large vessels. The sections have not been cut and 
studied. 
resembling ERF and because it was desired to inoculate the remaining 2 
animals with additional, more recent EHF material. 
available for additional experimental inoculation. 

For at least a 

No passage of the organs was made because there were no lesions 

Thus, the 2 males are 

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 anlmal w i l l  be inoculated wlth suspensions of 
ground lung from patient 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 animals 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 106O to 1070 F. , In 
his experience blood taken about the 13th or 14th day contains the highest 
titer of virus. 
the 14th day; but if they survive, recovery begins at 17 to 20 days. 
inoculations for passage were done intravenously because other routes would 
give only about 1 6  infection. 
scraping6 of the jugular vein for suitable staining with Giemsa in an effort 
to show rickettsiae in the endothelie,l lining cells. 
goats were less satisfactory, being less susceptible to the infection; but d 
interest is his statement that Sw-lss 'albino mice inoculated intraperitoneally 
with 0.5 to 1.0 cc. of a 1% suspension of sheep brain and spleen will 
develop an unapparent infection without illness. 
at 6 days wi l l  produce no infection in sheep; but at 15 to 90 days a pool of 
8,suspension from infected mice will produce such infection. Furthermore, 
rickettsiae have been obtained after passage from mouse to mouse. 
passage of an unapparent infection does not attenuate the virulence of the 
rickettsiae for Merino sheep (this infection was passed through 60 genera- 
tions in ferrets, with no change). 

If animals die of the infection, death usually occurs about 
All 

Diagnosis of the disease was made from 

In Dr. Haig's experience 

Material from mice killed 

This 

In view of Dr. Haig's infomation, at least 5 sheep and 5 goats will be 
inoculated to determine the susceptibility of these animals to a possible 
agent in EHF blood and tissues. 

Studies on HistopRtholog)!. Sections taken at autopsy from ERF patients 
in Korea are stained with Giemsa, but they have not been studied thoroughly. 
A search of these sections for the RLB w i l l  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 sections. 

Preliminary arrangements have been made to obtain control autopsy 
material from individuals dying from febrile and organic diseases. 
controls are essential in determining that the RLB are. fokd only in autopsy 
material. from EHF patients. 

These 

Relapsing Fever. Experimentation on relapsing fever continues because Of 
the similarity of EHF symptoms to those of relapsing fever. 

In Korea, 2 patients with relapsing fever showed physical signs and 
symptoms oimilar to those of EHF, except that splenomegaly is present in 
relapsim fever. Efforts to isolate the spirochetes from these patients we- 
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 
is desired to compare I or 2 strains of relapsing-fever spirochetes from 
Korea with strains from other parts of the world. 
fundamentals of the crisis phenomena in experimental relapsing fever, and to 

Experiments to study the 



test 2 new antibiotics ant3.a chemical compound on the infection, will 
begin soon. 

Chemotherapeutic Studies. If EHF occurs as it did in the outbreak of 
1952, several new compounds TDaraprim, Ilotycin, Win 5063-2, etc. ) should 
be given yellminary trials. 



Project No. 6-60-01-01 NOT FOR PUBLICATION 
Report Date 30 June 

Physiologic e; Biochemical Changes i n  Stress and Fati- 

Arrqy b l e d  Sv Grad School 
Walter Reed A m y  Medical Center 
Flashin@on, D. C. 

BRIEF. The purpose of t h i s  work i s  t o  study the php,iolo@c, psycho- 
logic- biochemical changes occurring during fatigue and s t ress  and their  
relationship t o  psychoneurosis, anxiety s ta tes ,  and s t ress  reactions en- 
countered by troops in  conibat or preparation therefor. 

Basic Neurophpioloy,ic and Biochemical Studies ox' Stress and Escape 

I. Influence of Genetic Factors on Mcdification or Social Behavior in- 
duced by Lesions of t h  e Brain. PROGRESS. Th i s  study is  corqlete except fo r  
the preparation of the f ina l  manuscript. 
fear and aggressive responses tarard the investigator were s imif icant ly  
greater i n  Race X than i n  R a c e  I11 of the 2 races oi' rabbits studied. 
emotional react ivi ty  was not altered by lesions i n  the anterior cin,@,ate. 
The t e s t  of social  interaction used was s e n d  a w e s s i o n  between males, which 
took the form of mounting another male or chasinG it i n  an attempt t o  mount. 
Between members of the  same race, the operated a n W s  exhibited a p e a t e r  
amount of sexual aggression. Between menibers of different races, rabbits of 
Race I11 trere the more agmessive sexually. In fact ,  there was a gradual 
decrease i n  the sexual aggression of Race X t o  the point where they no longer 
exhibited sexual agsession even w i t h  another individual of the i r  arn 
race. The general conclusion is that, whereas lesions of' the anterior cingti- 
l a t e  s l ight ly  increase sexual a[=ll;ress-ion, chronic s t ress  upon those 
individuals which have a marlred hereditary tendency tormrd lieigh'bened r'eactivi ty 
i n  the presence of mild noxious stiuuli hcve Lheir plysiology ans1 behavior so  
altered that they no longer exhibit sexual aggression even with a lesion in 
the anterior c i n w a t e  . 

Emotional r e a c t i v i t -  in terms of 

This  

FUTURE. The lslanuscript w i U .  be completed. No further eqerinlental ~,rorlr - 
on th i s  topic is  planned for  the near future. 

11. Compmative Study of IIzass Reactions i n  Groups wi%i Pcsticd.E?r BeC'crenzc 
t o  P a i c .  Collaboration is 
maintained with him to plan resemch ia cxder t o  rcal izc  -';!=a oSjcctives or the 
project .) 

(Actual research is done by D r .  Vebb, 5-00-i0-14. 

FUTURE. The findings of the 1st year malre it necessmJr t o  assess the role  
01s as they affect  the inLexy?eiAxi.on 

- 
of the gowth of populations of small 
of experimentally induced mass movements. 
prosarn for t h e  summer of 1953, therefore, is t o  r i .e  extensive smplings of 
the population through the breeding season t o  deterinine reproductive rates  a d  
changes i n  density. 

One of the bcsic phases OP 'ihe 

The 2nd phase I s  t o  develop if RS;"~ effective technique for 
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inducing a mass panic reaction. 
Of closely spaced traps would be adequate to remove all individuals 
iwading a centrd. depletcd area proved t o  be ineffective, since about 5@ 
of the v l i n a l s  which contacted t h i s  barr ier  f i l t e red  through it. 
of t h i s  finding, a new procedure will be tested; it consists of a ser ies  of 
concentric c i rc les  of t r a p  which should maintain a constant removal of a U  
animals invading the central  area, and thus u i n t a i n  the direct icnal  mass 
movement u n t i l  a s t a t e  of panic is 2rcduced. 
fective, it is  planned t o  in i t i z t e  &wing the summer of l951t a large-scale mass 
novement which mz;r terninate in n panic s t a t e  . 
population densi-tji should have recovered sufficiently from the low of 1952 t o  
make such a study feasible. 

The orig-inal m o t h e s i s  that a single line 

On the basis 

If th i s  procedure proves ef- 

By the summer of 1954- the 

Util ization of Space over Time. 111. I.la%hematic Formula'Gions of the 
Util ization of Space by Free R q i n g  Animals. PROGEUSS. Few adequate sets of 
eapirical  data exist rega.rdinG the distributxon 5f-ar@hisms through space, 
and even fewer attemp'cs t o  construct mi;iem,tic formulations of the principles 
GoverninZ s x h  distribution. The 1st problm posed for investigation was the 
nature of the movement 01 members of a popla t ion  with rcference t o  rarxlomly 
placcd objects of which thc L.divih,als m e  unaware, and which require ciose 
approach before detection. The data ut i l ized for  these investigations :rere 
thosc avnile3le from the Ilorth American Census of SmLL IGumals, containinq 
extensive data on the catches per traFpinG stat ion fo r  a series or consecutive 
Gays. The General conclusions are that  small ummals are randomly distributed 
through space; khey ndse randam niwements in both space end time wi%h respect 
t o  the trap; they do not m e  independently but i n  &rows of 1, 2, 3, and so  
on; anil the probabilit; that an mimE?1 w i l l  contact an obJect which it can 
detect a t  o w  a short distance and of which it is previously unamxe is  
modified by -the distance of 2ts cen-Ler of orien-tation from the object. 
la tber  problem of the movement 02 an a n W  about Q center 02 oricn-Lation w a  
the 2nd posed. 
tions of c q t u r e  of -the mouse, Reithrdmtomys, within its home range ( U r .  
Daniel B r a i t ,  University of Cdifornis). Prom these data 1- been developed a 
general nmthemLic fornrulation of the probcbilriltjr that an animal viLL occur 
about a single center of orientation. It is believed that this formulation is 
adequate ' io  characterize the raavenent of most m i ~ d s  which move about a 
s b @ e  m j o r  center of orientc&ion ad tiu-ou& an o-Linerwise relativel;. ui~ifoni 
eiivironuent. 

This 

Available for t h i s  analpis w e r e  extensive data on the posi- 

This l"omulation 02 the density function of tine organisu is: 
2 2  

1 ++y ) dray 

, 
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FUTURE. 14anuscripts on the xorlc described abme w i l l  be completed. - 
I Y e u r q h p i o l o ~  and Biocheinistr:. of Stress 

Reciprocal Relationships of Central FJervaus S:rstem and Adrenal. Pn&EsS, 
Studies on rats and the analysis of: data are caqle- le .  A report, %f?ect of 
E&pOthnJ.amiC Lesions on the Adrenitl Cortical Response t o  Stress i n , the  Ra t , "  
'c1e.s prepared. 

Reciprocal ReiationshiTs of Central FJervous System and A d r e n a l .  Et't'ects 
of Lesions of the Centre1 Irervoun Sjstem on Carboh$rate and Ilitrogen I-leta- 
bolisn. lWXRESS. 
md nitrogen metabolism have been studied i n  experinental. aninnis (doTs 1. 

The effects of transection of the midbrain on carbohydrate 
w 

fin unexplained hi& mortality r a t e  has dehyed the vork t o  sone exten;.. 

DurinS th i s  p e r i d  the pr incisal  investiC9tor was in Koree on another 
project. 

PUAlTJl1E. Uork on th i s  project T r i l l  be resmed sbout 20 J u l y ,  when the 
7 principal investigator returns. 

T T e n r ~ l ~ ~ ~ i o l O g r  of &notional Behavior and Sleep. S t u d y  of Behavioral 8 

ChmSes Follarinf: Localized Ab-Lations - The Dorsal T e p n t a l  Iluclei of  the 
Iiesencephdon. PRoCrHEsSO This project has been discontinued because the 
p r i n c i p l  investir@or lef t  m i l i t a y j  service i n  February, and it has not been 
nossible t o  replace him. 

Psycholo@c Changes occucrrin~ clurin:: Stress 

motional Factors i n  Essentir?l Il;.oertension. PROCRESS. Data have been 
collected on the follarin.2 3 goups of patients: 
adriit,ted natienLs with essential  R.Tertension; natients i n  the sane aze group 
on the sane i r a d  trith organic h e a t  disease but no kTertension; and selected 
k,:>ertens-ivec referred t o  psychia-tr- from the cardiovascular c l inic  because of 
~ o s s  emoi;ionai disturbcnces. Comgmrtive analysis o f  the data is under way, 
i n  e.n effor t  -Lo t h r a r  sane li3t on the followin;: questions: 
certain ns:rchd.panic processes irlnich chmacterize hypertensive patients? If 
so, do 'iliese processes contribute to the pathogenesis of the disease, or ,are 
tiiey recctions t o  it? Yo vb.t extent hcve unrecognized sampling errors dis- 
'iorted p'evious psychiatric studies of' hypertensive patients? 

unseiected, consecukively 

Are there 



given patient received AC’RI or placebo. The patients were stulied w i t h  
repeated psychiatric interviews frm the beginning t o  the em3 of hospitali- 
zation. 
and interpersonal processes were mhinistered t o  each patient before he started 
medication and again at a period of probable peak dosage. The treated and con- 
t r o l  grap! did not differ in any major aspect of thought, feeling, or behavior. 
The evidence of t h i s  st*, viewed in l igh t  of other work on this subject, 
suggests that the administration of ACTH in moderate c l in ica l  dosage does not 
usuaU;r lead t o  g o e s  behaviwal chhqes, and that *ea s y h  c l u e s  do occur, 
important variables i n  addition #to the drug i t s e l f  m u s t  b’c considcred. 

In addition, psychologic t e s t s  involving both intel lectual  functions 

Psychalwic, Physiologic, d Bioohemical Changes occurr- dwing Fatigue 
o Psychoneurosis, Anxiety e m  Rehtioaship t arrd. Stress, turl th ’ 

- A. . - _ .  states, anQ Stress Reactions 
1 

Stuly 09 Pgch ia t r i c  Breakdowns occurring rpPneaiately after Induction. 
PRclciwSs. 
‘ w t f f e r e n t i a t i o n  b z a  the inrmciliate-post-~~tian-bre~crcJI1 g.arrp 
and the late-breakdawn group. The best different ia t ing items have been an- 
alyzed in  d e t a i l  for  predictive value i n  screen- procedures. A paper report- 
ing these findiags, including tabular summaries of the data, h m  been pre- 
pared. 

S t  a t  ls t i c a l  ~ s i s  of the data, which is canplete, shows a 

F’UIURE. The manuscrii)t w i l l  be given a final checking a& submitted for 
p u b l i 3 E i .  

Ballistocerdiographic SttPaies in  Subject@ W e r  Stress. l?ROQtESS. Psych- 
ologic and phys iologic (ball i  stocardiogram, electrocardiogrem,TSZETate, and 
arterial blood pressure) res  QaSes t o  the s t r e s s  associated w i t h  experimenta- 
t ion  itself were stdied i n  3Tb healthy young soldiers. Two vmiables (uno 
certainty as t o  the exact nature of the procedure; and military rank, profes- 
sional- status,  and experience of the experimenter) were separately and in- 
dependently manipulated. Two identical  experiments an matched grws were 
csrr ied out separately by g psychiatrist  (Captain, MC) asd 9 trained technkian 
(Private, E2). 
reassured BE t o  the benign nature of the procedure innned.iately =on entry t o  
the laboratmy, d half (experimental group) w e r e  reassured in the course d a 
10-minute interview following a 20-minute r e s t  period. The subjects reassured 
at  the beginning were a lso  interviewed fo r  a correspondipg l0-nbute  period. 
A I 3  interviews were r eca rdd  and l a t e r  independently rated by 3 psychiatrists 
who did not know the physiologic resu l t s  at the t i m e .  For each subject 3 
consecutive se t s  of physiologic measurements were obtained: 
won entry t o  the labaratmy; after a 20-minute r e s t  on the ballistocardiogram 
table; and following the 10-minute interview. Each se t  of masurements cm- 
s ie ted af eirmultanears recordings of the ballistocardio@xn and electrocardio- 
gram (lead 2) ixneriiatdy prece6-w and foUowing 5 determinations of the 
blood pressure at bminute Fntewals. In each eyperbent the effects of re- 
amurance during interview won the physiologic status of the sUbjects w a s  
reflected in highly significant differences between e&perimental and control 
groups. H a w e v e r ,  i n  each eqm5ment the discriminntion w a s  related t o  Cdy 
1 function, which dsfered w i t h  the experimenter--”mnwimrrm c d h c  force” in 
the exgeriprent carried out by the medical. officer; .arterial blood pressure 

In each experiment half tbe m&$ects t$artrol. group) were 

imediately 
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(m, and pulse pressures) in that carried out by the enl is t& technician. 
This suggests that s ta tus  differences i n  the relatianship may evoke different 
psychologic atld physiologic mechanisms of response t o  the s t ress  si tuation. 
mependent ratings of reassurance fran the recordhgs in the 1st experiment 
(medical officer) predict quite accurately for  the experimental groqp. In- 
&pendent ra t ing of the interviews in the 2nd experbent is in progress. The 
final se ts  of pwsiologic measurements in a l l  subJects have been analyzed 
s ta t i s t icaQy to give standard values for these functions under conditions of 

. "rest" in this laboratory. 

FIprtIRE. It is planned to: c a q l e t e  the analysis of the experiments j u s t  
f i n i s r M t i a t e  further stdies of the same nature in order t o  assay  the 
effects of other variables, s w h  as the sex of subject in r e l a t i m  t o  the 
experimenter, the timing of reassurance, and the effects  of more severe degrees 
of stress;  i n s t i t u t e  intensive long-term s t d i e s  of individual patients with 
c l inical  anxiety states;  and continue the development of iastruxnents now i n  
progress. 

S t d i e s  of Behaviaral and Conammicatian Changes induced by Isonicotinic 
Acid Hydr azide in Various Clinical Psychiatric Disorders. PROGEUSS. Th e 
collection of dat a w a s  hind ered considerably because fewer 
allocated for research purposes. 

were 

FUIXEE. New patients w i l l  be added t o  the series in an attenpt t o  obtain 
a gr-ge enough t o  be s t a t i s t i c a l l y  significant. 

Unconscious Atti tules  affecting Cmaunication between Irdivi.duaI.8 and . The c a t a h t s  r ecw interviews, which were trans- 
% % ' ~ ~ ? w r e d  to permanent d i s c t z t z  in toto or as summaries. 
Weekly conferences have focused upon specific phenonena of ccnmuunication oc- 
curring i n  the transcribed and recorded data and have developed a systematic 
method of etudying 1 aspect of interpersonal ccmmmtnication. Another caneul- 
tapt w a s  d e d  to tfre grmg t o  carrelate  the data and assist in the develop- 
ment of methodology. 
their ab i l i t y  t o  move in analytic treatment and t o  provide pertinent m t e r i a l .  

The patients involved in the study have demonstrated 

FVPURF:. Work w i l l  continue. When suff ic ient  data have been obtained the 
g r o u p w i n v e s t i g a % e  the inplications of such data i n  reference t o  knm 
hypotheses'of comrmmicatian ad t o  the search fm new motheses .  

Rest d Relief fYan Stress  and Their Relatianship t o  Psychmewoeis and 
iety States. Analyais of Leadership azld M male 

Social Factors which play a Role in Relief ar in Increase of Stress. 

si during this &%. The i n % e r v i a t e d  t o  explore the types 
of interpersonal relations between men in r u l e  ccmpanies and between offic'ers 
aod men i n  these cclmpanies which reduce or increase psychologic s t r e s s  and 
neuropsychiatric difficult ies,  incluling casualties Particular reference was 
made t o  quali tative and quantitative differences in s t ress  won leaders a t  
bat ta l ion level  ad above a d  leaders at ccaqpaqy level and below. The data 

Aspr=i=te interviews were officers of the Or€hap 
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obtained indicate not only  the existence of these differences in  stress but 
sumest  quali tative and quantitative differences i n  response t o  such stress, 
indicatj-ng tha t  cer ta in  personality structures are inclined t o  function m o r e  
effectivekr zt  1 level  than a t  another. The data ob€a€n& in these interviews 
were analjrzed further far selective areas of infonnation which can be incor- 
porated into f orced-choice questionnaires pertaining t o  the relationship of 
interpersonal perception t o  effectiveness of the c d a t  uni t  and leader. An 
informal &ysis of %he data i s  being studied as n &wide t o  future projects 
of t h i s  type. 

Effectiveness of Organization and Carmnunication i n  G r c n p  Problm-solviq.  
P R W S S -  As par t  or the Genera propNn of stuslying the effects  of goup 
structure on social  behavior and the factors a f f e c t h g  the development of group 
structure, an experiment on group problem-so1vIn.g was beppn. 
duals are  given the task of finding a cannon number among themselves under 
conditions of res t r ic ted  ccmnnunication; i.e., the men can write messages t o  
each other on> at specified intervals. Effective solution requires the ef- 
f i c i en t  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. 
grows and 8 experimental goups have been run t o  date. 

Groups of 4 indivi- 

Thirteen p i l o t  

3'WIVREJ A f t e r  the norms mentioned abwe have been cmpiled, eqerimentally 
c o n t r m v a r i a b l e s  w i l l  be introduced. 
t ion  of the group's reaction t o  1 m d e r  who does not foUm the plans h i d  
down by the group* The recalci t rant  member w i l l  be intrduced by planting the 
enlisted teclmician in the goup and having him write specific types of dis- 
r w t i v e  messages. The effects of different kinds of tasks, different  kinds of 
camtunication networks, and other kinds of stress on goup functioning w i l l  
also be investigated. 

O f  pr- interest  is the detennina- 

Mathematical Models - Group Interaction. PRa&RFiSB. R a t i o n a l  mathematical 
models desi-ed by mathematicians and economist- Savage, Bush, Marschak, 
etc  ., were examined. These models generally have the defect that they are 
based on a theory of how rational hunans should ac t  t o  achieve optimal resul ts ,  
and are not concerned with actual behavior. 
out mdhemt ica l  models %rb.ich describe the cananunication of information within 
small and large social  goups. 
t ions which w i l l  be descr!.bed on t h i s  project. A model describing the effect  
of a group on an individual's jwlpents  was devised by the investigators, and 
it is currently being tested on data @thered by them. 

Shinibel and Rapaport have worked 

These models para l le l  closely the social  situa- 

IWIVRE. If arranGements can be made fo r  Shinibel and Rapport  t o  work with 
the i x g a t o r s ,  specific mathematical models will be worked out i n  collabora- 
t ion  w i t h  them fo r  application t o  the experimental data being gathered. 

Effect of Group Structure on Ciroy? Decision. PROGRESS. As part  of the  
general p ropan  of s%Uriyini-: the effects of g o u p  structure on social behavia?, 
an experiment on goup decision w a s  initiated. 
asked t o  reach consensus on how many dots they see on a card in front of them 
when t h i s  nuniber is too large t o  count. 
municnte only by written messages, and the channels of c m u i i c a t i o n  are 

Groups of individuals are 

Tlie menibers of each goup Can c m  



c. 

restricted in cer ta in  specified ways. The effects of 4 different patterns of 
caumunication, the effects of the ambiguit;r of the s t i m u l u s  material, and the 
efYects of group-size on the process of reaching consensus are being investi- 
gated. The hypothesis will then be tested that ~r0u-p  menibers vho are more 
centr- located are  m a r e  inf luent ia l  in  sway- other members than peri- 
pherally located ones. 
and the factors affecting these, w i l l  be explored. 
have been run. 

The mechanisms by which the s o u p  reaches consensus, 
E i & t  experimental groy?s 

FUTURE. The general problem of how soups reach conseixxs on matters of - 
fact  and matters of opinion w i l l  be studied further by varying the task, the 
ccaqposition of the group, and the  structure of the group. 

Communication between Visi t ing Relatives and Hospital Personnel on the 
Neurupsychiatric Service . FITW REPCR To !L'his project is ccorrplete. O f  92 
relatives with h o s t i l i t  Y towaxfi tl3 eArmy ' hospital, 81 became co-operative as 
a result  of brief psychotherapeutic interviews i n  which they recognized hos- 
t i l i t y  tuward the patient. 
the brief method, mare extensive interviewing w a s  not effective. 

I n  a (group of 21 relatives irho did not respond t o  

A paper ent i t led "The Problem of the IIostile Relative" w a s  prepared (s1Lb- 
nitted t o  the Armed Basces Medical Journal). 

'Vherapeutic Interviewing of HostFLe Relatives," --.. ,2mer. J. 
a.,-RJJ??jj 455 . 

Informal Group Structuresin R i f l e  Ccaapan ies. PROGEU3SS. This StW in 
rifle cmpanies in ccmibat and in reserve in Korea w m e e t e d .  The data 
collected are be- studied cuad analyzed. 

FvTuiE. It is anticipated tlyt work w i l l  be ccxq?leted bj 31 December. 
The f m e p a r t  w i l l  emphasize the social  insulation of the r i f l e  company, 
squad identification, and the  bddy  relationship. 

S t d i e s  in 8th A Korea. PR0C;REsS. A psychiatric research team 
operating i n  the Bth 
of combat fatigue and analyzing s t a t i s t i c a l  data on the rates  and distribution 

in Korea-ying the effectiveness of treatment 

of neuropsychiatric casualties-in FEC(J.1. Data are  being collected i n  2 conbat 
divisions 

FWURE. To some extent the course of the war i r l l l  affect  Lhe future of - 
t h i s  project, but the data alre&j i n  the process of collection w i l l  Be of 
value and can be stdied after thc research team returns t o  the United States. 

Electrolyte Balance. I Ied 1nJut-y and Renal )?unction 

PROGRESS. The study of the effects of isotonic p r e n t e r a l  fluids on noma1 
and increased in t r ac rmia l  pressure, vhicli is cwpletc,  revealed that 5: 2ucose 
is potentiaWj more hazardous than isotonic saline i n  the rnin'cenmce of the 
f lu id  requirements of patients with increased in t r ac rmia l  yressure. 1? s t a j  
of the axchange of r a d i o a l b a  between plasm and cerebrospinal fluid is  
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ccmrplete; the appearance the, equilibrium t i m e ,  and turnover time were estab- 
lished 

FVPURE. In  view of the expected release of the investigator fran active 
duty I-. no new studies were undertaken. 

FWXRESS. R o u t h e  Procedures. 
Detccmbations of the 2 b h m  uptake of 1131 by 

140 

30 

52 
5 

Frr-vivo gamma counting technique 
-%tigrams for the localization of 1131 in 
19 patients following 21 separate doses 

1 ~ 3 ~  in 21 patients 
Determinations of 24-hour urinary excretion of 

Determination of serum 1131 by butanol extracttan 

A manuscript on butanol extractable radioactive iodine ardl time concentra- 
t ion  curves is being prepared. 

One euthyroid patient with severe angina pectoris waa given a therapeutic 
dose of 1131. i n  order t o  produce a state of Qpothyroidism (medical thyroid- 
ectmy) * Clinical observations w i l l  be continued for several mmths. 

Four patients w i t h  nonmalignant thyroid disease (struma lyqhormatosa 
(Hashinoto's s t rum);  hy-perthyroidism which recurred after surGical subtotal 
t lqrroidectw;  hy-perthpoidism complicating organic heart dioease; and hyper- 

doses of 
I ,  

I t w o i d i s m  cxqlicating acute and chronic l i ve r  ilisease) given therapeutic 
are s t i l l  being observed fo r  effectiveness of the therapy. 

I!?o beneficial effect  was demongtrable i n  any of 6 patients w i t h  widespread 
nalignant neoplastic disease: 
studied); 2, primmy denocmcinoma of the bowel (1 be- studied, other 
emired);  1, primary cnrcinama of the wary (expired); 1, primarj retroperitoneal 
liposarcoma (being s t d i e d )  . 

2, primmy adenocarciham of the breast (being 

Four patients v i th  evidence bj 1131 studies of residual thyroid tissue 
i n  the neck despite a previous surgical attempt at  t o t a l  t l x r o i d e c t q ,  irere 
started on propylthiouracil theram i n  prepmation fo r  a therapeutic dose of 
113' i n  the future. 

Thyroid tissue w a s  obtained s n r g i c w  from 2 patients follovlng a t e s t  
dose of 1131, and radioautopaphy is  now i n  promess. 
t i s sue  i n  the neck as demonstrated by 1131 studies after attempted t o t a l  sur- 
gical  t m o i d e c t w ;  and the other, struma lymphamatosa (Hashimato's struma). 

One patient l.lad thyroid 

A technique for eye-tumor 1ocdlim.tion with P32, noted i n  the l i t e r a tme ,  
was attempted in  1 patient h v w  an Fntra-oculer tumor suspected of being a 
nelanama.. 

nro patients vere given intravenous 1131-taggecL human semn albumin d 

Final evaluation of the i n i t i a l  t e s t  is not yet possible. 
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transported t o  the Bethesda N a v a l  Hospital for studies on brain-tumm locali-  
zation. 

FUI’URE. Diagnostic procedures and indicated therapy ixxvolving the use of 
I l 3 l t T A u l 9 B ,  Cr5l, and Fe59 will be continuled. 

over the Anterior .Neck Region, of the Uptake of I i3p 9 the maid Gland 
24 Hours after the Oral Ingestion of a Test Dose of I1 I,” ayailable. 

IXRBETCB. Vrocedure for the Determination y i n  Vivo G a m a  Counting 

c J y s m a m  stxikkf8 of T&yr UlW I)ynami FB 

R m S .  The shif’t of I’3l a t  short t imes after administration was 
studi- counters and sc3ntil lation crystals.  
ArmIy Quartermaster Cmps Climatic Research Laboratmy wae canpleted in April. 
A study w a s  made of the thyroidal aynamics fl humans subjected t o  prolonged 
cold studies. The resul ts  w i l l  be incorporated i n  a report issued under the 
auspices of Quartermaster Corps. 

CoUbore t im  with the 

m. Liaism with the Quartermaster Corps is being maintained in order 
t o  fu-ure applications of the technique. 

- Fate of C1‘-Labeled Antigens 

PROGRESS. Pneumococcus bacteria were labeled with C 1 4  by being gown in 
r a d i o m u l t u r e  media. The metabolism of the material so labeled was then 
followed in  the mouse by tracer techniques. 

Subculture for 8 eenerations in  the presence of acetate of various conceb- 
trations failed t o  produce Tyye I1 pneumococci more adept a t  acetate ut i l iza-  
t ion than the parent organisms. 

decimally from 0.05 uM/ml. medium t o  5000 uM/ml. medium. Growth was best and 
acetate ut i l izat ion most complete at the lowest concentration at the end of a 
168-hour incubation period. Variation in  the glucose concentration se r i a l ly  
from b9.4 uM/ml. medium t h r o w  8.68 uM/ml. medium did not a l t e r  the pattern of 
acetate ut i l izat ion described. 

Using 2414 acetate, cultures were grown i n  acetate concentrations varying 

1.0 mill icurie of 2,C1’ acetate was used t o  grow labeled Type I1 pneumo- 
coccal ce l l s .  
uC per microgn. bact. N2. 

The formalinized, washed ce l l s  obtained presented about 3 x l0e2 

The followlne experiment w a s  s e t  up using these C14-labeled pneumococci: 

Sacrificed 
hours post- 0.5 ugm. 10 uepl. bact. Na 10 u@. bact. Na 
in j  ec t ion Noninrmune SI1 Pnc. I1 Pnc. I11 

3 
48 
fi8 

2 2 
2 2 
1 0 

2 
2 
0 

2 
2 
0 



I 
Excreta ( exp i rd  C O ~ !  mine, feces) were collected a t  3, 1'2, 24, 48, 72, I 

w, 132, and 168 h. post-injection. 
whole blood were obtaiheil when the mice were I d l L e c l .  

Liver, spleen, Itirtne;rs, lun&s, and 

FVI'UHE. The radioactivity of the samples w i l l  be evaluated by cas-phase - counting, a f t e r  which the data on C14 substrate ut i l izat ion w i l l  be compiled 
into 1 report and the above experiment in to  another. 

\ P Development of Apparatus for  Deh;rdration of Frozen Trssues ). 

I 
I 
i 

PR(XR.EX%. A freeze-dry me;l;hod for the routine rad ioautopqh of surzical 
and autopsy specimens is  desired. The apparatus was assemb1ec1, but Lhe 1st 
runs shared diff icul ty  with cracking @ass. r I 

t FWJXRE. This apparatus, which was developed for  use i n  a specific pro- - 
j ec t ,  i s  being kept for  routine use. 
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Project No. 6-59-12-22 NOT FOR HIBLICATION 
Report Date 30 June 1953 

Traumatic Sur t zery  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 Mluenced by Trauma in Man and Animsls 

PROGRESS. Renal Tubular Back Diffusion in the Dog. The study of renal 
tubular back diffusion during early post-traumatic renal failure in the dog 
is nearing ccmpletion. The following additional experimen-ts were performed. 

Four more animals were studied 18 hours after the h i d  limb was crushed, 
as described in the previous report. 
function is achieved by varying the duration of clamping, although it is 
apparent that differences in the pressure applied may have a similar effect. 
Renal tubular penneability to small molecules such as creatinine, ferro- 
cyanide,' and mannitol appears to be increased when the filtration rate 
(inulin clearance) is abnonnally low, because under these conditions the 
creatinine and ferrocyanide clearances fall to less than 50% of the inulin 
clearance. 
fusion this discrepancy between clearances tends to becane obliterated. 

A wide range in impainacnt of renal 

When the filtration rate can be elevated by massive blood trans- 

Similar results were obtained in 3 dogs studied 18 hours after prolonged 
Renal blood flow calculated from the extraction of inulin hemorrhagic shock. 

and PAEI invariably was low in these anlmals. 

The previous observation that normal tubular impermeability to creatinine 
and ferrocyanide is preserved follaring poisoning With mercuric chloride was 
confirmed in 5 experiments. 
tubular disintegration (based upon histologic examination) W S  
by normal clearance ratios of creatinine, inulin, and ferrocyanide. In 1 
case renal blood flow, calculated from the extraction of PAH, vas within 
nonnal limits although glomerular f iltration (inulin clearance) was severely 
reduced. 

In these instances minimal, moderate, and severe 
accanpanied 

Five dogs were subjected to various acute, operative procedures whereby 
renal blood flow and hence glomerular filtration were &ed to a variable 
extent and then allowed to return to nonaal. In these instances creatinine 
and ferrocyanide clearances fell to less than half the value of the inulin 
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clearance, indicating tubular loss of these substances. The administration 
of Benemid, known t o  inhibit  active transport mechanisms, had no ef fec t  on 
clearance ra t ios  under these conditions. Elevating the plasma concentration 
of creatinine, and thereby the f i l t e r ed  load of creatinine, eliminated the 
discrepancy between creatinine and inulin but did not a l t e r  the clearance of 
ferrocyanide. Mannitol increased the urine flow i n  2 experiments and blocked 
the tubular loss of creatinine and ferrocyanide i n  1. All clearance rat ios  
returned t o  normal promptly a f t e r  norbal f i l t r a t i o n  ra te  w a s  re-established. 
These resul ts  indicate that  the tubular loss of small'molecU.les i s  a rever- 
s ib le  process most probably related t o  f i l t r a t i o n  rate  and possibly influenced 
by the rate  of tubular water reabsorption. 

Effect of Heme Pigments upon Renal Function. Efforts t o  achieve a 
satisfactory cross-circulation kidney preparation f o r  the study of hemo- 
globinuria were discontinued because of insuf'ficient time. 

Estimations of F i l t ra t ion  Rate i n  Sheep and Goats. Attention was 
gradually focused upon determining the best  index of glomerular f i l t r a t ion ,  
since a l l  experimental deductions of discrete glmerular and tubular act ivi ty  
depend directly or  indirectly upon t h i s  standard of reference. The clearance 
of exogenous creatinine has long been accepted as  an accurate measure of 
glomerular f i l t r a t i o n  i n  the dog and the sheep, largely because of i t s  sup- 
posed identity with the clearance of inulin. Since studies of renal functicn 
during experimental shock have entailed the use of sheep and goats, the 
simultaneous clearances of exogenous creatinine, ferrocyanide, thiosulfate, 
mannitol, and inulin have been studied i n  these species as w e l l  as i n  the dog. 

The resul ts  of 2 prolonged experiments upon 2 sheep, i n  contradiction 
t o  previous conclusions of Shannon (proC. e. Exp .  s. & Med., 3: 379, 
1937), indicate that  creatinine may be normally secreted by the renal tubules 
of the sheep a t  ra tes  exceeding 15 mg./min. Since inulin i s  concentrated 
i n  the urine of the sheep and goat t o  a greater extent than any other sub- 
stance not synthesized by the renal tubules except fo r  creatinine, and since 
i t s  clearance i s  independent of the plasma concentration, unlike creatinine, 
it i s  accepted as a true measure of glomerular f i l t r a t ion .  
corrections are applied fo r  analytic error, it would appear tha t  a t  phvsio- 
logically tolerable plasma concentrations (1-2mM/L. ) the ferrocyanide ion i s  
excreted by both the sheep and the goat a t  a level  s l ight ly  below the inulin 
clearance. 

After appropriate 

i 

I 

In  2 goats a clamp placed upon the aorta between the origins of the 2 
renal ar ter ies  allowed the renal blood f l o w  (and hence glomerular f i l t r a t ion )  
t o  be severely restr ic ted i n  1 kidney but preserved i n  the other, control 
kidney. With such a preparation it was possible t o  demonstrate the simul- 
taneous secretion of creatinine from the tubule into the urine i n  the control 
kidney a t  high f i l t r a t i o n  rates,  and the reabsorption (or loss) of creatinine 
from the urine through the tubule i n  the experimental, more d is ta l  kidney 
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where filtration was reduced. 
increase in the creatinine clearance in the experimental kidney to rates 
exceeding the inulin clearance. 
quently be inhibited by the administration of Benemid, although the rezbsorp- 
tive process could not. 
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. 

Removal of the clamp was followed by an 

This secretion of creatinine could subse- 

The simultaneous demonstration of both tubular 

FUTURE. The data obtained will be analyzed and a report written. The 
principal investigator is leaving. 

Experimental Shock--Circulatory Mechanisms 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: 

Animals were bled to death slowly (0.2 - 0.3 cc./kga./min.) to 1. 
determine whether vasoconstrictive processes in the abdomen and leg resemble 
those seen in the period of peripheral circulatory failure in hemorrhagic 
shock (Walcott technique). 
of abnormal sympathetic activity being observed. Apparently the circulation 
can adapt to slow changes of volume deficit without evoking excessive sympa- 
thetic discharge. 
utilized, but its ability to respond is not lost. 

The changes are essentially the same, no evidence 

The capacity of the neurogenic mechanism is not fully 

2. In 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 hameostatic 
function at different pressure levels and thus are not called into play to 
counteract the slow decline of pressure in peripheral circulatory failure. 

plexus" region of the abdominal aorta is a pressoreceptor area. 
3. Studies of intra-aortic asystolic gradients showed that the "solar 

4. Studies of the effects of hypervolemia on blood flow and transcapil- 
1a.W exchange supported previous findings that (a) T-18224 overestimates blood 
volume, and (b) conventional measurements of capillary permeability must be 
corrected fbr flow. 

5. Studies of the effects of adrenal medullary hormones on renal 
functions are being continued to determine &ether the effects previously 
observed are directly renal In origin or mediated via other endocrine 
mechanisms. Sane aogs have been adrenalectomized, others hypophysectanized, 
and of these sane 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 canplete the present studies on 
shock; to carry out further perfusion studies of gross sections of the body 
to evzluate brtsic hemodynamic mechanisms and concomitantly to elucidate 
further potentialities of the asystolic gradient method as a 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 

"Femoral Vasomotor Tone and Vascular Reactivity," Williams, A. H., 4. 

"Blood Flow and Transcapillary Exchange in Hemorrhagic Shock, 'I Williams, 

and Clarke, Am. J. Med., 14: 553, 1953. - - -  - 

- J. Physiol., m: 779, 1952. 
Sherwood, and Einheber, 2. Clin. Inv., 2, 1953. 

Toxic Factors of Wound Shock 

I3OGRESS. Previous work has demonstrated that the short-lived shock 
preparation with minims1 blood loss could be obtained by shooting previously 
anesthetized goats in the hind-quarters with a high velocity missile. 
Geriod was spent in an attempt to develop a preparation which would not 
receive previous anesthesia. The work, however, has suggested that anesthesia 
is necessary to sensitize the animal properly if he is to die routinely within 
4 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. lbs. per lb. body weight. 

This 

FUTURE. It is expected to determine the optimum time to anesthetize tke 
goat, and the effect of anesthesia F r  se on the animal. 
tion has been standardized the following will be studied: 
changes by correlating studies of radioiodine-tagged plasma and chrcmiup- 
tagged red blood cells and blood pressure and cardiac output detenninations; 
metabolic changes, including electrolyte, energy metabolism, and specific 
enzyme system changes (such a8 acetylcholine and acetylchollnest.erase balance 
and nucleotide determinations); and possible modes of theram (e .g., tourni- 
quet, chemical blocking agents, surgery, etc. ). 

After the prepara- 
dynamic circulatory 

Studies on Acute Vascular 1n.j:lries 

PROGEWS. Thirty goats were wounded in the tlligh with a .jO-caliber 
armor-piercing ball and an impact velocity of 2600 feet per second. 
1st 4 goats were shot manesthetized in the upright position, but no vessel 
lacerationr were obtained. 
with nembutal and placed in the supine position for wounding. In these them 
were 12 injuries to the femoral artery and 9 goats in which the femoral vein 
was hit. 

The 

The other 26 goats were lightly anesthetized 

All wounds were dressed Immediately Kith a pressure bandage alone 
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or combined with splinting of the extremity. 
hours after shooting these animals were submitted to operation wder nemtutal 
anesthesia and their femoral regions explored. 
damage, with photographic documentation, is mccle. The experimental control 
femoral erteries, veins, and nerves are removed and tied into a frame which 
maintains their in-vivo length during fixing. 
biopsies are also taken. "he only justifiable conclusions at present are: 
bleeding, whether it occurs from a damaged femoral arFery 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. 

At times varying from 1 to 30 

An estimate of the gross 

In selected cases muscle 

FUTURE. Specimens will be carefully examined microscopically. When the 

Also, the impact velocity of the missile 
proper recording equipment is available, physiologic measurements associated 
with these wounds will be obtained. 
will be altered. 
base line, studies will be extended to learn the effect of tourniquet appli- 
cation, anticoagulants, thrombolytic substances, sympathetic block, local 
pepaverine 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. 

Following the establishment fran the above studies of the 

Tissue-Grafting Investigations. Embryonic Tissue Transplants 

PROQiESS. Approximately 50 rabbits were implanted with bits of rabbit 
embryo tissue at 2/3 full gestation. 
of various tissues implanted subcutaneously. 
most tissues implanted in the anterior chamber of the eye, but there was 
regression of the same growth after 3 to 4 months. 
implants are not known. 

There was no apparent initial growth 
There was initial growth of 

The results of the brain 

FUTURE. It is proposed to repeat this experiment with embryonic tissue 
at 1 fm Restation. 

Tissue-Grafting Investigations. Results of Tumor Implantations 

EIIOQIESS. Hauschha's work in Philadelphia suggested that the trans- 
plantability on homograft of tumors was related to the tetraploid state of 
the chromosomes i n  the tumor cells. In an attempt to confirm this for 
heterologous transplant, 2 mouse lymphomas--l a diploid and the other a 
tetraploid tumor--were obtained from Dr. Hauschka. 
malignant and metastasizable in the strein of origin of the mice. 
to Greene, metastasizable 'tumors should be heterotransplantable to the anterior 
chamber of the rabbit eye. 
implanted into the anterior chambers of a number of rabbits; no growth after 
2 to 3 months vas noted. The tumor was propagated in appropriate mice and 
the rabbit-implantat1on.experiment repeated. 
from either the diploid or tetraploid tumor in the anterior chamber of the 
rabbit eye. 

Both tumors were highly 
According 

Accordingly, each of these mouse tumors was 

Again no tumor growth was noted 
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FUTURE. An attempt will be made to evaluate these results, in discussion 
with Drs. Hauschka and Greene. 

Tissue-Grafting Investi-tions. Standardization of the 2nd Dosage Phenanenon 

PROQU3sS. Approximately 30 rabbits were subjected to the following pro- 
cedure. 
control autograft at the sane sitting. 
sloughed. 
rabbit donor skin, and the time of sloughing of the 2nd hanograft noted. 
strains of rabbits, gray chinchillas and New Zealand whites,were used; each 
strain was relatively pure but not inbred. 
had approximately the s8me time of sloughing: 
response of the 2nd dose of homografts was observed. 
the strains of rabbits used were sufficiently dissimilar, the time of slough- 
ing of the 1st set came within the accelerated response of a 2nd dose. 

A standard-slze homograft from specific donors was implanted with a 
The homograft was observed until it 

The specific rabbit recipient was then regrafted with -specific 
Two 

Both the 1st and 2nd sets of grafts 
9 to 12 days. No accelerated 

It is thought that since 

FUTURE. It is planned to repeat this experiment with all New Zealand 
white rabbits. Because these rabbits are genetically similar to one another 
although not a pure strain, it is thought that the 1st set will slough sme- 
time after 20 days. When 2nd sets of specific skin are transplanted perhaps 
the accelerated response can be observed and standardized. 
preparation may then be used to study some of the immunologic details of the 
mechanism of homograft incompatibility. 

Such a standardized 

Physiolom of Shock 

PROGRESS. Studies were continued on the role of toxins from gram- 
negative bacteria in the pathology of hemorrhagic shock. 
indicate that normal intestinal mucosa is capable partially of detoxifying 
these toxins and that 8ome of this detoxifying ability is lost by the mucosa 
of a dog in shock. 

Preliminary results 

The use of the hemagglutination technique for the determination of endo- 
toxins in the peripheral circulation was initiated. Nofmal rabbits were 
inoculated with dialyzed feces from dog8 and their sera collected as a source 
of antibodies. The intention is to use sensitized red blood cells of dogs as 
an antigen. Sane 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. 
difficulties encountered in this assay system are grsAually being resolved. 

The numerous technical 

FUTURF,. It is anticipated that work on both these problems will be 
In the case of the detoxification studies, confirmatory experi- continued. 

ments will be done and other toxins tested. 
technique, work will continue on eliminating artifacts in the system. 

As to the hemagglutination 
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Excretion of Antibiotics in the Bile 

PROGRESS. The period of excretion of antibiotics in gallbladder bile 
The presence of the drug in the gallbladder is ies with the drug used. 

tingent upon patency of the cystic duct. 

FUTURE. This work w i l l  be continued. 

FWEFlENCES. Pulaski, E. J. : "Current Therapeutics. LXVI. Beoqcin, " 
- 

The Practitioner, =:669-676, June 1953. 

"Incidence of Penicillin-Hesistant Staphylococcus aureus 
among Broad-Spectrum Antibiotic-Resistant Organisms, I' Surg. Forum, Clin. Cong. 
Am. U. u., pp. 241-245. W. B. Saunders Co., Philadelphia, 1952. 

Fusillo -- et al.: 

Howard, Pulaski, and Fusillo: "The Pancreatic Secretion of Antibiotics 
and Sulfadiazine in  an:'^., pp. 236-240. 

Fulaski -- et al. : "Experimental Endogenous Peritonitis in the Rat. 
I. Response to Antibiotic Therapy," g., pp. 227-23. 

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 canbined intravenous-intkaperitoneal 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 above 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 combined 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. A t  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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a finding not duplicated in 4 untreated dogs. Bacterial counts of the 
group of 10 dogs showed a decrease of 9 9  in less than 2 hours following 
administration of the drug. 
practically all the antibiotic was gone frun the peritoneal cavity and blood 
in  10 hours, mbst of it excreted in the urine within 4 hours after adminis- 
tration. 

Studies on antibiotic levels showed that 

Other analyses of' the samples from these dogs are in progress. 

- FzrruRE. It is expected to continue the study of peritonitis in dogs, 
wing different routes of administration and varying doses of antibiotics. 

REFERENCE. Fusillo -I et al.: "Antlmicrobial Spectrum and Cross- 
Resistance Studies of Erythrqcin (Ilotycin)' and Carbomlycin (Magmmycin), " 
Antibiotics - & Chemotherapy, 3:581-586, 1953. 

Fluid and Electrolyte Studies 

PROGRESS. The Surgical Research Laboratory on Ward 1l.B of Walter Reed 
Army Hospital has continued to 8erve as the consultation center for problems 
concerning fluid balance. 

FUTURE. It I s  proposed to start study on electrolyte and nitrogen 
metabolism prior to and after performance of major surgery. It is planned 
that this study w i l l  encanpass general surgical, orthopedic, neurosurgical, 
serologic, and gynecologic cases. 

Influence of the Pulse in Maintenance of Systemic Circulation 

PROGRESS. A mechanical extracorporeal heart pump which is nearly can- 
plete will soon be used for cardiac bypass to allow physiologic studies in 
the experimental animal. 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. 
pulsatile perfusion of the systemic circulation leads to profound hypotension. 

Previous work in this regard suggests that non- 

FUTVRE. Experiment6 w i l l  be planned to: confirm the fact that a non- - 
pulsatile flow does produce or lead to a hypotension in the experimental 
animal, gain insight into the mechanism of the hypotension, and attempt to 
correlate the hypoteneion of various types of clinical shock with the presence 
or absence of an effective pulse within the systemic circulation. 

REFERF3vcE. Wesolowski, Fisher, and Welch: "Perfusion of the Pulmonary 
Circulation by Nonpulsatile Flow, " Surgery, 3:370-375, March 1953. 

Blood Vessel Repair and Replacement. Influence of Freeze-Dry Process on 
Fate of Arterial Sements subsequently used as Vascular Grafts 

I 

PROGRESS. Excellent facilities for the freeze-drying of tissues have 
So fer, 40 pig, 24 dog, and been in operation since the last week May. 



i 

I 

8 human arteries have been successfully processed. Two of the hman grafts 
yere employed clinicslly, with apparent success to date. 
been let for the procurement of pigs for purposes of graft implantation and 
for their care after operation. 

Contracts have 

FUTURF:. It is hoped that significant data w i l l  be obtained on: the 
fate of fresh aortic hanografts and canine arterial heterografts implanted 
in the thoracic aorta of the growing pig, the effects of freeze-drying upon 
the fate of arterial hanografts implanted in the thoracic aorta of the 5 0 w -  
lng 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 inplanted in 
the thoracic aorta of the E 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 hanografts. 

Should the freeze-dried arterial graft prove to be associated with 
fewer complications (especially arteriosclerotic changes) than the fresh 
graft, it is deemed essential that a major effort be directed toward deter- 
mining why this is so. 
problem suggested by Colonel Stone are being considered. Preliminary plans 
have been made regarding the study of this problem by special tissuc culture 
techniques involving cultures sensitized to fresh grafts. Preliminary dis- 
cussions with Dr. Edsall regarding inaaunologic approaches to this problem 
w i l l  be held in the near future. 

Innnunologic and tissue culture approaches to this 

Blood Vessel Repair and Replacement. Influence of Graft ryPe and of 
Extent of Surrounding and Supporting Tissue upon the Dimensional 

Changes of Veins Implanted in Arteries 

PROQiESS. Four canposite venous grafts, varying in length from 7.5 to 
10.5 cm., were successfully implanted into the thoracic aorta of do,~:s. 
graft was composed of a venom homograft, a fresh venous autograft, and a 
delayed venous autograft preserved for varying periods in Qrode's solution 
prior to implantation. Three fresh autogenous vein grafts were implanted 
into the femoral artery of dogs. 

Each 

FUTURE. It is planned to observe, by periodic arteriographic studies, 
the dimensional changes of these different tyyes of veinc in areas having 
varying degrees of surrounding and supporting tissue. The number of animals 
in this study w i l l  be increased. 

Blood Vessel Repair and Replacement. Influence of Suture Size, 
Suture Method, and Vessel Caliber on Incidence of 

Thrcmbosis in Arteries and Veins 

PROGRESS. Since 15 April, 140 anastomotic repairs of small-caliber 
arteries and vefns have been performed in 35 dogs. All were done with 



5-0 silk, half by the end-on-coaptation technique and half by the intimal 
eversion technique. 

FUTWU. It is planned to  keep these 35 dogs f o r  a minimum of 6 
postoperative weeks and then t o  remove the anastomoses and observe the 
incidence of thrombosis with the 2 methods of repair. 
depend upon the resul ts  observed i n  t h i s  i n i t i a l  group of dogs. 

Subsequent work w i l l  

Support of SurRical Research Team i n  Korea 

I 

FINAL REPORT. Since March 1953, when the principal investigator 
returned frm Korea, the primary e f for t  has concerned the developnent and 
tes t ing of investigative and analytic methods used or t o  be used by the 
Surgical Research Team i n  Korea. 
and completed : 

The following problems were undertaken 

1. Dextran, Analytic Method. A method f o r  determining the concentra- 
t ion  of dextran i n  plasma and urine, based on the density of the cloud 
developed i n  a water-alcohol mixture, was completed. 
concentration, pH, temperature, and time on the density of the cloud were 
investigated and optimum conditions defined. Coutrol analyses gave recoveries 
of added dextrah with a mean of loo$ and a standard deviation of l e s s  than 1%. 

t igate  the causes of the changes i n  the circulating blood volume encountered 
i n  Korean ba t t l e  casualties, a method f o r  the determination of t issue hemo- 
globin and myoglobin was evolved and an enlisted technician trained i n  the 
technique. 
the spectrophotometric constants f o r  human carboxy-hemoglobin, carboxy- 
myoglobin, and cyan-metmyoglobin were. confirmed; and samples of myoglobin 
were lyophilized for s h i p e n t  t o  Korea fo r  calibration of the i r  instruments. 
Determination of 1 compound i n  the presence of the other was made, with fl- 
loo$ recoveries and a standard deviation of 1-2$. 
was obtained and modified fo r  f i e l d  use. 

The e f fec ts  of alcohol 

2. Tissue Hemoglobin and Myoglobin Analytic Method. I n  order t o  inves- 

A sample of purified myoglobin was prepared frm human myocardium; 

The necessary equipment 

3. Urobilinogen Extraction, Literature Survey. As a measure of hemo- 
globin breakdown the quantitative relations between hemoglobin, bil irubin.  
)and urine, stoo1,and duodenal urobilinogen as defined i n  the literat& 
were summarized. The conversion of hemoglobin to bil i rubin is said t o  be 
complete, but the conversion t o  urobilinogen and excretion represented from 
5-1m of tha t  expected. 
route of excretion was emphasized. 
collecting the essent ia l  data was outlined t o  the Surgical Research Teem. 

Tbe importance of measuring the gastrointestinal 
A modified progrem t o  provide means of 

4. Urobilinogen Excretion, Analytic Method. The analytic method 
previously used i n  Korea was confirmed as Watson's standard, but the swctro-  
metric wave length used i n  the procedure was i n  error.  Mea& of correcting 
f o r  t h i s  error  were worked out for  application t o  the data already obtained. 

' i  
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5 .  
tory t o  
a brief 

U r i n a r y  Excretion of Norepinephrine, Literature Survey. Prepara- 
the investigation of the role  of norepinephrine i n  battle casualties 
summary of the literature was compiled. 

1 

Increased production of 
norepinephrine i s  reflected by increased urinary excretion. 
effected by renal impairment, but the relationship is not well enough defined 
t o  allow prediction of the results t o  be expected from such an investigation. 

This is  definitely 

The reagents and instruments necessary were available, and further 
d e v e l o p n t  was postponed until the research team decided on the program t o  
be followed. 

6 .  Survey of Bank Blood. A survey of the quality of bank blood and of 
blood transported i n  various p las t ic  containers completed i n  Korea, a t  the 
406th Medical General Laboratory, and a t  the Peter Bent Brigham Hospital was 
analyzed and smmarized. Essential changes i n  the plasma hemoglobin 
technique used i n  Boston were pointed out, and arrangements made fo r  reanalysis 
of the necessary samples and preparation of a formal report. 

Possibly significant differences of osmotic f r ag i l i t y  between bank 
bloods studied i n  Korea, Japan, and the United States were found. More 
marked differences between blood transported i n  glass and 2 typea of plast ic  
bags were discovered. 

Hemodynami c and Biochemical Studies on Myocardium i n  Experimental 
Hemorrhagic Shock and during Restorative Venous or  Arterial  Infusions 

PRocazESS. Additional studies of the effect  of a r t e r i a l  and venous tram- 
fusions were done a t  lower levels of pressure of longer duration. Dogs were 
bled t o  systemic pressures of 10 mm. Hg. or less and held there u n t i l  brady- 
cardia developed or  cardiac a r r e s t  appeared imminent. 
by the a r t e r i a l  and/or venous routes, equal volumes and equal ra tes  of 
replacement being employed i n  the same animal when multiple transfusions wexe 
possible. With impaired myocardial efficiency as evidenced by extreme 
bradycardia or feeble contractions, venous infusion proved t o  be ineffective 
and led to right-heart di la ta t ion,  whereas arterial  infusion e l i c i t e d  a prompt 
increase i n  cardiac rate,  increased coronary flow, and a systemic pressure 
rise. 
prolonged shock leads t o  a r i s ing  le f t  atrial  pressure, interpreted as 
evidence of a fa i l i ng  myocardium. 

They were then reinfused 

It has not been possible t o  substantiate the findings of others that 

Preliminary exploratory experiments have suggested tha t  chronic renal 
damage and fa i lure  can be induced i n  dogs following a period of hemorrhagic 
shock. 
under local  anesthesia t o  30-40 m. Hg., and kept a t  t h i s  blood pressure 
level  f o r  about 24 hours. 
reinfusion coonpatible blood (with or  without heparin) was withdrawn by syringe 
as needed from the femoral ar tery of unanesthetized donor dogs and infused 
intra-ar ter ia l ly  or  intravenously into the shocked dogs i n  volume equal t o  

The dogs were bled without heparinization from the femoral artery 

The vithdrawn blood was not reinfused. For 

I 
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that previously withdrawn. 
ultimately autopsied. 
at 36 hours. 
gross evidence of damage to both cortex and medulla. 

The dogs were observed for survival time and 
Four of 5 dogs survived indefinitely; the other died 

In general, pathology was limited to the kidneys, which showed 

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 

PROCRESS. The use of I13l-1abeled albumin to study the kinetics of 
Of 

In patients with 

albumin metabolism is being continued and extended to more patients. 
the 22 studies completed, 9 were in patients with acute hepatitis; 2, 
cirrhosis; 4, post-traumatic patients; and 7 controls. 
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 albumin half-life. 
patient of the effect of the protein level of the diet on the albumin turn- 
over rate showed that a low-protein diet will shorten the half-life of 
albumin. The turnover rate reverted to normal after the patient was again 
placed on a normal diet. 

Stdies in 1 

FUTURE. The principal emphasis will now be on the chronically wounded 
patient. 
intake on elbumin turnover will be studied further. 

Further controls will be collected, and the effect of protein 

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, 7 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 thsn normal 
subjects. The antibody titers f o r  this study w i l l  soon be available. 

FUTURE. 
be extended. 

As seriously wounded patients become available this study k i l l  

Resuscitation of the Protein-Depleted and Injured Casualtz 

were studied in depleted patients who were from 2 to 6 months post-wounding. 
PROGRESS. Protein intakes of from 1.9 to 5.3 gms. per kilo per day 
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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 40 calories per k i l o  per dayr.or higher. 
Of the 8 patients studied, 5 were post-traumatic malnourished patients, 2 
were normal, and 1 had cirrhosis. 
patients who have lost 20 to 3@ of their body weight after wounding shows 
a fairly consistent pattern of food intake. 
between 80 and 100 gam. per day, 'with nitrogen retention averaging 3 p s .  
per day. 
Srogram of feeding may shorten convalescence from a half to a third of tht 
seen with a program of ad-lib feeding. 
viduals range from 20 to 79 calories 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. 
least 40 calories per kilo per day is needed for rapid weight gain in con- 
valescence. 

Measurement of the ad-= intake of 

Protein intake is nearly always 

It seems possible from the studies completed that a vigorous 

Different dietary intakes in indi- 

In a very preliminary way it is estimated that at 

FUTURE. This study will be continued as patients become available. 

Body Composition in Depleted Persons during Return to Normal Weight 

PROQIESS. To determine what various diets accmplish 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. 
is measured by the method of Brozek and Keys (Brit. 2. E., 2:194, 1951), 
using a special set of calipers to measure skin-fold thicknees. Total body 
water is determined by the antipyrine method. 
in lean body mass can be calculated accurately. 
nourished patients are repleted w i l l  be canpared with those on nitrogen 
balance accumulated simultaneously. 
of evaluating various dietary programs in convalescence. 

Body fat 

With these facts the change 
The data obtained as mal- 

This should provide an obJective means 

FUTURE. Patients w i l l  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 vagueness of the terms "bound" and ''free" calcium. "Binding" in this 
system is a complicated surface phenomenon of the lyophilic colloids, and 
the ratio of ''bound'' to "free" calcium can vary widely unless conditions are 
precisely known and controlled. Experiments for an adequate and significant 
definition of serum calcium have been in progress using ultrafiltration, 
electrophoresis, and ionophoresis with radioactive calcium. In the letter 

The problem of calcium levels has been complicated by 
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case the calcium appeared to migrate,independently of the proteins. It is 
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 chranatography. Preliminary data indicated good recovery, 
with only moderate amounts of interfering color. These experiments included 
the trial of various absorbents and solvent mixtures, as w e l l  as work on the 
behavior of glucuronates and pure cortisone. 

Action of Dws, Analmsics, etc. This work ha8 been limited (by apace 
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 chrcanatographic 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 fran 
Clostridia welchii in extremely high purity, 225,000 TRU per mg N. 
nature and properties of this bacterial enzyme were compared with those of 
testicular hyaluronidase. 1. Maximum hyarolys1s was effected with about 
4 as much bacterial enzyme, 2. 
di- or tctrasaccharides. No monosaccharides were found. 3. The hydroly- 
sate frau testicular enzyme appeared to be beta glucuronldo 1-3 N acetyl 
glucosamine, as previously reported by other workers. The hydrolysate from - C1. welchii was tentatively identified as a N-acetyl glucosemine 1-3 
glucuronic acid. 

The 

Hydrolytic products fran both probably were 

Confirmatory identification was not carried out. 

FUTURE. The availability of facilities and personnel for applied 
research on tramtic surgery and shock w i l l  now allow the expansion of 
these and other current projects into this phase of work. 
are planned: 
to treated animals; attempts to find adequate methods for steroids in plasma 
instead of urine; application of current research on drugs and analgesics to 
animal studies on trauma 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 
cholinesterases and nucleotides, and applied directly to animal studies; 
plasma-tissue exchange of radioactive tracer electrolytes, K+, Cat+, C1-; 
and work on tyrosine-phenylpyrwate in relation to surgical trauma and shock. 

The following 
a canprehensive series of serum electrolyte analyses related 
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Project No. 6-60-01-02 NOT FOR KTBLICATI~ 
Report Date 30 June 1953 

Studies on Hip Joint using Lateral Roentgen View of Hip 

Madigan Hospital 
Fort Lewis, Washington 

- BRIEF. The purpose of this work is to study the hip joint by means of 
a lateral roentgen view af the hip. 

it was published (see FBFEFBNCE, below). 
studv of femoral torsion and its relationship to congenital dislocation of 

PROGRESS. The work which was done prior to this study and which led to 
"his work comprises an anatcnnic 

the kip and to other hip pathology. 
hips of 499 children and lo3 adults. 
considered to be normal, and 574 in patients with abnonnal conditions. 

Roentgeiograms are reported on 1,204 
Of' these hips, 630 were in patients 

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 ued. The patient 
sat on a right-angle wooden bracket placed upon the x-ray table. The seat cdl 
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 Iliac crest and at 300 to the sagittal plane of the patient's body. 
From the series of films taken of each patient, measurements were derived 
which when canpleted described the anatomy of the acetabula. 
obliquity of the acetabulum measured approximately 32'. 
version ranged from about 25' in children to 80 in adults. 
posterior angles of the acetabulum were measured also. 
cartilage was used as 1 fixed point in forming these angles, and the deepest 
point of the acetabulum as the other. 
the anterior angle ranged from about 45' to 62 
terior remained at about 25'. 
growth of the posterior lip of the acetabulum Over the anterior. 
deepest point of the acetabulum was used as a fixed point, the anterior angle 
remained at about 40° while the posterior angle ranged fraa 25O to 35'. 
This seems to reflect the growth in depth of the acetabulum. The CA angle 
was measured also; this was a measurement of the head-acetabular relationship. 
This angle ranged from about 25' in infants to loo in adults. 
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, old congenital dislocation of the hip, fracture 
of hip followlng spontaneous fusion, calcifying synovial sarcoma about the 
hip joint, septic hip in infants,, and congenital dislocation of the hip in 
infants. In all these conditions the lateral x-ray view of the acetabulum 

The x-ray tube w8s directed over 

The anterior 
The angle of ante- 

Anterior and 
The triradiate 

By u B i 3  the triradiate cartilage, 
in children, and the pos- 

This variation seems to reflect the greater 
When the 

Seven patho- 
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simplified the diagnosis and distinctly aided in outlining the treatment. 
It is felt that this new technique and the description of nomal findings 
w l 1 1  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. 
normal genu valgum and genu varum in adults and children. 
knees have been studied and x-ray measurements recorded. 
be canpleted soon, at which time work w i l l  be started on the study of tibial 

An attempt i s  being made to establish the 
More than 300 

This study should 

torsion and its relationship to knock knee and bowleg. 

REFERENCE. "A New Method for Determination of Torsion of the Femur," 
Dunlap et al., 2. Bone & Joint Surg., u, 1 9 3 .  

i 
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Metabolism and Nutrition 

Medical Nutrition Laboratory 
1819 West Fkrshing Road 
Chicago, I l l i no i s  

Nutritional Appraisals of Food Consmption and Nutritional Adequacy of 
'the Soldier 's  Diet 

- BRIEF. The object is  t o  make syetematic, periodic surveys of the 
nutrient intake and nutri t ional adequacy of the d i e t  i n  units representing 
different service8 and canbat arms with wide ranges of act ivi ty  and environ- 
ment, through use of the "short" and "long" inventory methods and through 
canplete chemical analyses of composite samples of the food offered, of the 
food eaten, and of the various losses. 

BACKCIRWliD. This has been a principal act ivi ty  of the Laboratory since 
i t e  establishment i n  1944. 
Wars I and I1 and since by t h i s  Laboratory, were carried out by inventory 
methods, without canplete analysis by chemical methods. In June 1952, a t  
Fort Sheridan, I l l ino is ,  the 1st of a series of surveys was inst i tuted using 
Inventory and chemical methods. Particular attention was glven t o  a study 
of methods fo r  preparing representative canposite samples, which i s  a per- 
plexing problem that has not been studied adequately. 
average food consumed per person by a caupany of military police was 23% 
calories; the edible food was 3129 calories. By inventory, the edible portion 
was 3647 calories, after allowance for  the observed preparation waste. 
Post Menu contained 3901 calories by calculation. 

Past surveys by the mili tary services in World 

By analysis, the 

The 

PROGRESS. Survey a t  Camp Pickett, Virginia. In the f a l l  of 1952, 2 can- 
panies in  the 1st stage of basic military training were studied for  5 weeks. 
The average consumption i n  the mess was 102 gm. protein, 134 gm. f a t ,  and 390 
gm. carbohydrate by difference (259 gm. by direct  chemical analysis), provid- 
ing 3174 calories. 
respectively. 
analysis; the Post Menu contained 3579 calories by calculation after allowance 
fo r  the observed preparation loss. 
consumed in  the mess hall, and about 613 calories from outside sources (PX, 
vending machines, etc.) .  Thus the t o t a l  energy intake fram a l l  sources was 
3833 calories- The average weight remained stationary during the 5 weeks. 

The kitchen and plate  losses were 170 and 250 calories, 
Thus the t o t a l  edible pprtion contained 3594 calories by 

Between and after meals, 46 calories were 

Survey a t  Fort Riley, Kansas_. 
infantry division i n  the 2nd stage of basic military training was undertaken 
22 June and will continue unt i l  25 July. 

The study of 2 company messes of an 



A protocol has been established fo r  w e  i n  studying hospital d ie ta r ies  
t o  determine (1) whether a t  the authorized mondy allowance, patients are 
being fed i n  accordance with the recommendations of the loRC Colnnittee on 
Therapeutic Nutrition, and (2) the energy needs and the nutr i t ive intake of 
hospital operating personnel. Plans have been made fo r  an i n i t i a l  trial a t  
the U. S. Army Hospital, Fort Riley, fram 27 July through 15 August, i n  
order t o  t e s t  and establish methodology. 

Physiologic Laboratory Evaluations of Packaged Rations and Food Packets 

- l3RIEF. 
of packaged rations and food packets by animal and hrrsan experiments i n  the 
laboratory. 

The object is  t o  study the nutr i t ional  and physiologic adequacy 

BACKCROUHD. Although the actual w e  of rations i n  the f i e l d  provides 
the ultimate t e s t  of acceptability and adequacy of the ration, pbysiologic 
laboratory t e s t s  are easential  fo r  observations which cannot be made under 
f i e l d  conditions. 
ducted with ra t s ,  by the Frost r a t  depletion-repletion method. It i s  a short 
test - in  a senee a screening t e s t  - which Imposes a severe nutr i t ional  
res t r ic t ion,  v i t h  subsequent rapid loss of 20 t o  25s of body weight, followed 
by rapid repletion with the t e s t  diet .  Camparison with a standard reference 
d i e t  furnishes data on the ab i l i t y  of the ration t o  regenerate body tissues. 
Hwnan tests on gastranterologic  motility, digest ibi l i ty ,  f la tus ,  absorption, 
and ut i l iza t ion  are a part of the studies. 

Since November 1952, t e s t s  on the C-Ration have been con- 

PROGRESS. Nutritional Adequacy of C-Ration i n  Repletion of Rats. Eight 

The controls consisted of groups of animals 

r a t s  were depleted on a protein-free, but othenrise adequate, diet un t i l  the 
anhnals had los t  20 t o  25$ of their initial body might. They were then fed 
a homogenized can l e t e  C-Ration. 
which received (17 the reference d i e t  pair-fed, (2) the reference d ie t  throyyh- 

Four canplete ser ies  of observations were made with rats of the folloving 
i n i t i a l  body weights: 100-125, 175-200, 275-300, and 375-425 am. The result6 
indicate a rapid rehabili tation of body tissues with C-Ration equal t o  that 
with the reference d ie t .  

out, (3) C-Ration without depletion. Food consuuption, b 
composition (specific gravity, protein, fa t ,  water, and 

weight, ard body 
were observed. 

The data are being analyzed. 

Nutritional Status of M i l i t a r y  Personnel: Body Camponents i n  Relation t o  
Nutrition, Trainiw. ami Envir-nt 

- BRIEF. The object I s  t o  assees the nutr i t ional  status and pbyslcal 
f i tness  of military personnel by medical examinstion, by calculation of body 
canposition wing  physical, anthropanetric, and chemicalmethods, and by 
physical f i tness  tes t s ;  and t o  re la te  these observations t o  food intake, 
training, and environment. 

BACKGROUND. These studies are made i n  connection with nutr i t ional  
surveys and f i e l d  experiments i n  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 ( a t  Camp Pickett, Virginia, and a t  Pole Mountain, 
Wycming) represented voluntary intake and fixed diets ,  respectively. 
comparative observations on trained, amateur, and professional a thletes  In 
various types of sports are planned, i n  order t o  formulate standards of 
optimal nutri t ional status and body cauposition for  physically f i t  mili tary 
personnel. 

Similar 

PROQBSS. Changes i n  Body Weight during Early Phases of Basic Mi l i t aq  
Training. 
and basal weights during the ls t ,  2nd, 4th, and 5th weeks of the survey were 
obtained on 90 men fran 2 companies. The mean weight remained between 69.5 
and 69.9 kg. throughout t h i s  period; i.e., there was no significant change. 
When t h i s  group was subdivided into 3 groups on the basis of re la t ive obesity 

Induction weights 1 t o  2 months prior t o  the survey a t  Camp Pickett, 

as estimated from endanorphy ratings, however, significant changes were 
observed. Thus the 15 most obese subjects showed a significant decrease i n  
mean weight frcm 86.5 kg. at time of induction t o  83.4 kg. a t  last week of 
the survey; the 57 thinnest men showed a significant increase i n  weight f ran  
64.3 kg. a t  time of induction t o  65.3 kg. a t  last week of the survey. The 
intermediate group showed no significant change. 

Characterization of Group of Basic Trainees on Basis of Anthropanetric 
Data, and Chanes durlng Early Phases of Basic Training. Anthropometric 
measurements including skinfold thicknesses, extremity girths,  trunk girths,  
jo in t  widths, and sanatoscopic ratings were made on 400 men f ran  the 2 can- 
panies surveyed a t  Camp Pickett. Most of these men had the same measurements 
repeated a f t e r  3 weeks, and als ,  hed 4x5 x-ray pictures of the r ight  brachium 
taken for  l a t e r  measurements. Analysis of the data is nearing canpletion. 

Effect of Caloric Deprivation on Anthropauetric Measurements. During 
the 3 weeks of caloric de f i c i t  a t  the end of the Pole Mountain study the men 
los t ,  on an average, 3.9 kg. (8$ pounds). 
made during t h i s  period showed a decrease i n  the various skinfold thicknesses, 
decrease i n  the calculated "$ body fat"  based on the skinfold thicknesses, 
decrease i n  the abdominal g i r th  measurements, increase i n  the r a t i o  of height 
t o  abdaninal gir th ,  and decrease i n  the area of the lean mid-brachial section. 
These findings suggest primarily a loss of body f a t  but a lso a loss of some 
muscular mass during the period of caloric deprivation. 

Other anthropometric measurements 

Relation of Army Phy s i ca l  Fitness Scores t o  Body Bui ld .  Army Physical 
Fitness Test scores were recorded for most of the men fran Camp Pickett on 
whan anthropanetric measurements were made. 
of these measurements on the stores. In the experiment on the effect  of 
vitamin supplementation on physical performance of men i n  a cold environment 
under caloric res t r ic t ion  and high energy output (Pole Mountain, Wyoming), 
s e r i a l  studies of anthropometric and physical performance data were made. 
The data are being analyzed for  correlations of performance with body build. 

It  i s  planned t o  study the effect  



Effect of Training and Motivation on Physical Performance. The rigorous 
schedule of hikes and other activities of the 10-week Pole Mountain study 
constituted an excellent physical conditioning program f o r  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. 
scoring on the Arrny 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 Arnry 
Physical Fitness Test. 

Serial studies of 

Nutritional Statug of Military Personnel with respect to Vitamins, Minerals, 
and Other Nutrients 

- BRIEF. The object is to assess the nutritional status by analyzing body 
fluids and excreta, and to relate these findings to the nutrient intake. 

BACKGROUNJ). 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 recomended quantity of 
50 mg. per day because of cooking practices, mess facilities, and the food in 
which the vitamin is presented. 
rations, in which the vitamin is present mainly in the beverage powders. 

This is true particularly in the packaged 

PROGRESS. Elood 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. 
receiving a constant total intake of 60 ng. vitamin C per day in food, and 
4 divided doses of crystalline vitamin during 5 weeks, the fasting blood 
levels varied from 0.3 to 1.2 mg.5, average 0.61; in the same men receiving 
50 mg. per day in food and 4 supplecieritel capsules during the subsequent 3 
weeks, the fasting levels varied from 0.3 to 1.2 mg.$, average 0.71. 
42 men receiving 1200 mg. in 4 divided doses, 1230 mg.  total intake per day, 
the levele varied fran 1.3 to 2.3 mg.$, average 1.76. 
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. intake per dey, the Army reccmmended minimum, the lowest 
blood levels, 0.3 mg.4, were within the range regarded as adequate by sane 
authorities; the means, 0.61 - C.70, are considered adequate levels by most 
authorities. In o. rzndom sample of 47 men (Camp Pickett) receiving an ad 
libitum dlet w j  th a mean intake (by analysis) of 125 mg., the m e a n  blod- 
level was 0.74 rng.$. 

In 41 men 

In 

At these constant 

Field Experiments to Determine llutritional Requirements and Means of 
Imnrovinrr D i e t  

- BRIEF. The obJect is to conduct controlled experiments in the field 
with military personnel, to observe arid study the effects of Fhysical and 
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wtreases on the energy and nutrient requirements, and t o  devise 
maluur. of increasing the efficiency and preventing or overcaning 
kta  oi stresses. * 
-h of laboratory studies requiring verification o r  further 

t th  hman subjects under operational conditions which the soldier may 
lbcrous studies with animals suggest that the ab i l i t y  t o  withstand 

Work under t h i s  project includes a l l  experiments which 

to  cold and t o  perform muscular vork*may be improved by the adminis- 
large mounts of wate-oluble vitamins, alone or  i n  combination. 

@ of uitmins,  developed as a result of such studies, has been 

bracu, for use i n  conditions of stress and shock. 
CIcCtircness of the mixture was carried out during 10 weeks (January-March 195 

by the Canmittee on Therapeutic Nutrition of the National Research 
An experiment t o  test the 

Another interest  concerns the determination of tk 

Such data, when applied t o  tlme-activity observa- 

h pble Hountain, Wyaping. 
e~crgy equivalent of various mili tary ac t iv i t ies ,  upon which there i s  rela- 
hvdy l i t t l e  information. 
ti-, allow ready calculation of the energy requirements of the soldier. 
6ttdies t o  supply the data were inst i tuted during t h i s  quarter. 

Effect of Vitamin4 and &Complex Supplementation of Army 
ijects under Stress i n  a Cold Environment. 

*mbJects were divided into 2 groups, a control group receiving a basal d ie t  
* aod a supplemented group receiving the basal d ie t  plus 40 mg. thiamine, 

Eighty-seven test 

kl mg. riboflavin, 400 mg. nicotinamide, 320 mg. calciun pantothenate, 160 mg. 
pyridoxine, 10 mg. f o l i c  acid, 16 mcg. vitamin BE, and 1200 mg. ascorbic acid 
daily in capsules. m s i c a l  per- 
formance was measured repeatedly by the Harvard Step Test, Army Physical 
Fitness Tes t ,  hand dynamneter, and standardized forced marches. Observations 
were made also on temperature response t o  cold exposure, body might  and 
anthropometric changes, mental attitudes by psychologic tests, and changes of 
chemical constituents of blood and urine. 
study the d i e t  was rest r ic ted t o  2250 calories. 
are now being campiled. 

The t o t a l  caloric intake was 3800 calories. 

During the last  3 weeks of the 
The resul ts  of t h i s  stw 

Field Studies on Energy Requlrements fo r  Various Field Activities. 
Field equipnent i s  being assembled and analytic methods tested, f o r  use i n  
f ie ld  observations a t  Fort Riley and Fort Beming. 

Developaent of Methods for  Field Use 

- BRIEF. The object i s  t o  develop and t e s t  procedures fo r  evaluating the 
nutri t ional adequacy of the diet ,  nutri t ional status, effects of physical 
work, and effects  of stresses and fatigue; and t o  develop and test procedures 
for  other Investigations. 

BACKGROUND. These studies, which were inst i tuted i n  1951, are being 
carried out In the laboratory and i n  connection with surveys and f ie ld  



experiments. 
body canposition, which now are being critically canpared by several indepen- 
dent methods. 
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. 

"he principal interest has been on procedures for assessing 

The determination of body cmposition according to such cate- 

PROGRESS. Determination of Body Caposition. During the past year the 
relations between lean body ma6s as detennined by skinfold thickness, oxygen 
consumption, surface area, body weight, height and body girth, a@ brachial 
muscle mass were determined; the data are now being compiled. "he 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 a correlation of 0.863 with basal oxygen conemption and 
which bears out the traditionally associated relation between corpulence and 
a relatively large abdaninal girth: 

$ Lean Body Mass = 14*8 / 61.2 
Abdminal girth 

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 
water. 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-1854 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 advantages over the cumbersome Douglas bag technique, which 
can be used only for short periods and requires frequent change. 
Michaelis portable metabolimeter is now being tested. 

The Kofranyi- 

Assessment of Biochemical Change s resulting from Muscular Work and 
Fatigue. 
of the Elson-Morgan reaction for determination of glucosemine and to the isola- 
tion of the serum mucoproteins by differential precipitation with perchloric 
and phosphotungstic acids. 
reproducible form, will be applie to humans undergoing exhausting muscular 
work. 

Work began 1 May 1953. The early work has been directed to the use 

These methods, which now appear to be in a 

Critique of Physical Fitness Testinq. 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 phyeical 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 
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(November 1950) have been eliminated in  the construction of new tables 
allowing f o r  more or fewer repetitions than appear on the old tables. The 
Harvard Step Test has been scored tradit ionally on a highly arbitrary basis 
in which the f inal  score does not necessarily have camparable significance 
between men, or i n  se r i a l  tests on the same man. 
correct the sum of post-exercise pulse rates according t o  the duration of 
exercise up t o  the prescribed 5 minutes is: 

A suitable formula t o  

Corrected pulse sum = Ubserved Pulse 
0.756 - 0.00081 x seconds 

Food Analysis: Determination of Total Carbohydrates i n  Foods. The 
accurate chemical determination of t o t a l  available carbohydrate i n  foods has 
not yet been accanplished. Carbohydrate values i n  the pdolished tables of 
food canposition are derived "by difference" a f t e r  subtracting the weights 
of other food cmponents f ran the t o t a l  weight of the sample. 
desirable tha t  a chemical method be developed t o  verify these approximations. 
This work was in i t ia ted  1 May 1953. 
determinations on simple carbohydrate-containing materials such as soluble 
starch, starch-lactalbumln mixtures, and flour. These substances have been 
hydrolyzed i n  di lute  sulfuric acid and the reducing sugars determined by 
copper reduction. 
hydrolysis t o  release reducing groups has been applied t o  the same materials. 
It has been possible t o  obtain approximately the same resul ts  on the  simple 
foods by both methods. The reducing-sugar and anthrone methods will now be 
applied t o  more canplex foods and, finally,  t o  ccmposite d i e t  samples from 
the mess surveys. 

It is  highly 

The early studies have consisted of 

In addition, the anthrone method which does not require 

Reparation of Hanogenous Sample of Whole Animals. The study of crush- 
ing and grinding frozen sections of rats in  l iquid nitrogen was continued. 
The greater convenience and speed of grinding i n  the burr m i l l  and the 
observations of lower standard deviations of analytic data than those obtained 
by crushing were confinned. 

Biochemical Changes resulting fran Physical Stress and Fatippe 

BRIEF. The purpose of t h i s  study i s  t o  note the changes which occur in  
protracted and intense physical exertions such as may be required under 
training and operational conditions, and t o  define, i f  possible, the physio- 
logic and chemical changes a t  the stage of fatigue and exhaustion, fo r  which 
there are no objective c r i t e r i a  a t  present. 

- 

PROGRESS. Work was in i t ia ted  1 May 1953. 

Factors which Affect Energy Expenditure fo r  Various Type s of Activit ies 

BRIEF. The purpose is t o  determine the t o t a l  metabolism during various - 
prescribed tasks under a variety of environmental and physiologic conditions, 

1 
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and 
men 

the 

to evaluate and define the factors which govern 
of military age. 

BACKWOUND. This project is part of a general 
direct determination of caloric requirements of 

energy expenditure in 

study whose object is 
the soldier. In order 

to assess the effect of various factors on the metabolic rate under field 
conditions, controlled laboratory studies of the following variables will be 
undertaken: reproducibility of a fixed task by the individual; effect of 
food consumption, specific dynamic action using Army rations, diurnal varia- 
tions; effect of Anqy basic training; effect of anthropanetrio variations 
and age; effect of clothing and temperature and increasing work loads; effect 
of fatigue. Sane of these factors, such as specific dynamic action, have 
received considerable study, especially with animals. They merit restudy, 
together with other factors, i n  the same group of individuals in regard to 
military conditions and requirements. 

PROGRJ3SS. Laboratory Studies. An air-conditioned laboratory, contain- 
ing a treadmill and bicycle ergaueter, is being constructed, and the 
respiratory gas analytic equipnent 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. "he 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: 

PROQiESS. Effect of Particle Size. In previous quarterly reports it 
was stated that shaking of fat emulsions in a laboratory shaker at 250 
cycles/min. results 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 and the themogenicity of these shaken emulsions 
is generally sanewhat higher than of unshaken emulsions. With periods of 
shaking longer than 20 minutes (20 to 180 minutes) particles fran 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, circulatory collapse, and death in about a fourth of 
the animals. 
unshaken emulsions. Extension of these observations confirmed these results. 
They suggest that as particle size increases, thermogenicity increases up to 

Temperature rise is absent or lower than in animals receiving 
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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 fran 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 iqjected but also upon the relative stability of the 
emulsion in the blood plasma. 
size (less than 1 micron) may still produce pulmonary trapping by agglomera- 
tion and coalescence of fat particles in the plasma after injection. 

Thus, emulsions with particles all of small 

As a further test of the hypothesis 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 lipemia, 
resulting fran fat ingestion and from injection of emulsions, results i n  an 
increased mechanical fragility of red blood cells, with an associated rise 
in plasma hemoglobin concentration. Whether the rise In plasma hemoglobin 
is 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 s a m p  
ling, total biliary fistulas were prepared in rabbits, the excretion rate of 
bilirubin in the bile being used as an index of rate of red blood cell 
breakdown in vivo. Preliminary observations were reported last quarter. In 
a 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. 
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 acccmpanied by rise in body 
temperature. 

In 

Toxicity of Triglycerides and Sodium Salts; Effect of Emulsifyiw Agent; 
Effect of Autoclaving, Peroxides; Effect of Heparin on Toxicity. No additional 
work was done on these phases of study; results are being canpiled 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 noma1 fat metabolism. 
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~ c K ~ o ~ .  &eviou workers had sham that the IntrmmOuS injection 
of heparin CaUSek clearing of the lipemia resulting fran fat ingestion. 
addition of heparin in vitro to lipemic p l a a  does not Cause clearing, but 
the addition of plasma from an animal that has received a heparin injection 
to a lipemid plasma in vitro results in clearing. In  previous reports from 
this laboratory it w8s stated that in rats the injection of heparin simul- 
taneously with fat emulsions produced clearing of the Jipemia and resulted 
in the rapid removal of the fat from the blood. 
reported that when synthetic fat emulsion 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. 

The 

This 1aborACory has also 

PROGRESS. A quantitative method for determining the lipemia-clearing 
activity of plasma was devised. Synthetic fat emulsion 5.8 added to plasma, 
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 rectilinearly proportional to the concentra- 
tion of clearing factor in the plasma. The optimal temperature for clearing 
in rat plasma is 200 C. 
&I$ of activity being lost by incubation for 1 hour at 40° C. 
factor is stable for at least 6 hours at 5' C. 
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 
CUI injection of heparin. 
nose of heparin and the concentration of clearing factor are rectilinearly 
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 we/&. the clearing activity remained maximal  for 2 hours and returned to 
zero by 3 hours. 
of the clearing factor, the fact that the cleared fat is not extracted vith 
cold chloroform suggests that the fat has beecme -=bin bouxxl. Eman 
c o n t a i ~ ~  saw clearing factor even *a be_psrin fras not been -t&. 
WtCtla ot b e W n  bto h m m s  results in an iccrease in the concentration 
of clearing factor. Studies are in pmgress to dete2nlae the fate of tbe f a t  
which is rapidly remomsl fna tbe blmd stretsn uder the influence af be- 
Radicmctim-carban-labeled f6tE are being prepared and their distribution in 
the bodg after intravenous injection in emulsified f o w  with and vi thout 
heprin determined. The question of whether the heparin in the body plays a 
phyeiologic role in fat metabolism is being studied. 
fat and of the intravenous injection of fat emulsions on the tissue and blood 
levels of heparin, determined chemically, will be studied. 
being made of the effect upon the blood basophilic leucocytes and tissue mst 
cells of feeding or injecting fat. 
heparin formation in the body. 

The clearing factor in rat plasma is thermolabile, 
The clearing 

The relation between dose of 

Between 0.025 and 1.0 mg./kg. of heparin, the log- 

In plasma that has been C l e m  of lipemia by the action 

The effect of feeding 

Studies are also 

These cells are believed to be the site of 
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Pro j w  t NO. 6-60-11-17 
Contrmt 100. MD-4l2 

NOS! FOR PUBISCATION 
Report Date 30 June 1953 

IodIdeComentratiM and Iodide -Iodine 
Sonversion Carmaity of Thsr o l d  Gland 

Dr. W i l l i a m  B. Castle 
Boaton City Hospital 
B O ~ ~ O I I ,  k ~ a .  

BRIEF. The purpose of this work is t o  apply new nrethods in a a t e  of the 
thyroidal furstion in various disease states, partkulsrly those rrhiah Involve 
a general metabolio insult t o  the patient and conditions of infectioue or tran- 
matia etress. 

JWGRESS. Sointillation counting equipment was staudardised aad oalibrated 
for t he  oontinuous eetimatlon of thyroidal 1131 mawmulation following administra- 
tion of trmer doses of radioaotive iodine. A new method deaaribed in the appli- 
cation for this grant was applied for an evaluation of tbyroidal iodide apaoe and 
rate of organio binding in conditions of streas. Both parameters of tmidal 
function were depressed in 2 patients following oontinuous administration of ACTH 
for @ hours and in 1 patient exhibiting prolonged hypoglyoemia. Quantitative 
responsivenees of the thyroid to  exogenous twot ropin  was measured in 2 patients 
with panhOrpapitnitarisa. 

FUNIIU$. These dudiee rill be extended more oliniaal states mcompanied 
streas. 
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Project NO. 6-61-01-05 NOT FOR PUBLICATION 
Report Date 30 June 1953 

Far E a s t  Medical Research Unit 

Far E a s t  Comnand 
APO 500 
San Francisco, California 

BRIEF. 
coordinate, and conduct medical research in  various areas of the Far E a s t  
Command and t o  furnish log is t ic  support and serve as an operating base for  
all medical research teams or groups sent t o  the Theater f o r  specific short- 
term imrestigations. 

The Far E a s t  Medical Research Unit was  established t o  plan, - 

PRoQiESS. (Annua l  Report) The Epidemic Hemorrhagic Fever Research, 
S u r g i m a r c h ,  Wound Bal l i s t ics  Research, 3ocly Armor 3esecrrch, snd Psy- 
chiatr ic  Research Teams hnve operated on a tmorary-duty basis with the Far 
E a s t  Nedical Research Unit 

Epidemic HeinorrhaEic Fever 
Y I  

These studies have been-1Wte-d primaril,y t o  inve+igations into the 
qideniology, etiology, clL?icrtl management, physiology, ttnn pathology of: the 
disease 

idemiolo XenorrJhagic fever Is characterist ically rural rather than 
urban, w cases are  for the most part  sporadic. Clusterti of cases, usually 
l imi ted  t o  par t  of a unit, have oczwrd  without affect i rq  other members of 
the parent organization. 
contracted a t  about the same time by m y  patients, no other cases following. 
The patchy, sporadic incidence finds m a z z  analogies in the epidemiology of scrub 
typhus. X prominent feature of the epidenialogy is the occurrence of 2 dis- 
t.inct seasonal peak6, in May-June md October-November . 

In  such clusters the disease seem t o  have been 

Following studies of outbreaks of hemorrhagic fever involving men work- 
or l ivlng closely together, it w a s  concluded that the incubation period w a s  
usually from 10 t o  16 d a y s ,  w i t h  considerable varlatlon ei ther  way; and that 
the spotty distribution was consistent with an arthropod vector which did not 
normally t ravel  Over @-eat distances. 
continuation of entomlogic ~ e s t i g a t i o m  t o  characterize the arthropod vector 
were irrdorsed at that t ine .  

The use of insect repellen% anil the 

Etiologic Agent. Japanese and Russian investigators have had reasonably 
broad eqerience with th i s  disease. L i n i t e d  experiments by Smorodintsev ad 
co-wrkers (1%) showed that  u l t r a f i l t r a t e s  of blood and urine obtained 
before the 5th day or disease were infectious fo r  humans; both Japanese and 
Russian workers -failed ei ther  Lo establish obvious disease in laboratory 
animals or t o  maintain it by serial passaze, although both groups thought that  
w i l d  rodents (Apcdew a&-a;rius and Microtu5 michnoi) could be infected by 
the inoculation of blood or urine obtained from acutely ill patients.  



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 i n i t i a l  approach in  
1952 w a s  based upon the hjrpothesis that an infectious agent might be so 
adapted by serial passage in  stme laboratory animal that it would produce 
obvious disease. The inoculation of m a t e r i a l  fram Over 40 patients subse- 
quently confjrmed t o  have hemorrhagic fever has fai led t o  establish a trans- 
missible disease in laboratory animals which did not later prove t o  be due 
t o  an infectious agent naturally occurring i n  laboratory an-. mzzer 's  
Disease (J. M e d .  X e s . ,  1917) w a a  encountered on several occasions in hamsters 
and in &e,% an unidentified transmissible infection involving the l iver  
was observed at leas t  twice. 

Certain c l in ica l  features o f  hemorrhagic fever resemble those of ricbett-  
S i x  series of stained impression smears s i a  infections in man and in ca t t le .  

of t issue obtained at autopsy were searched for rickettsia-like orgsniems. 
In 3 of these, intracellular r ickettsia-l ike bodies were found in endothelial 
ce l l s  f r m  the pituitary gland, inferior vena cava, adrenal glands, and 
splenic capsule. D r o  J. Varren's study of the cytoplasmic distribution of 
these bodies suggested that they are d is t inc t  from nor& or abnormal granules 
of polymorphonuclear leukocytes, mast cel ls ,  or other granulocytes. These 
bodies were not d i f f i cu l t  t o  find in smears fran patients d y b g  before the 
5 th  day of disease, but were scarce or absent i n  patients dying 8 dqys or more 
a f te r  onset. 
preparations than i n  fllms stained bg the Macchiavello technique. 

The observed s a n u l e s  were more apparent i n  Giemsa-stained 

The finding o f  these inclusion bodies was the basic reason for uc;ing 
embryonated eggs mre extensively in  continuing attempts t o  isolate the 
etiologic agent of epidemic hemorrhagic fever. Fresh blood or autopsy material 
frm 18 confirmed cases of the spring epidemic were inoculated into f e r t i l e  
hen's eggs. Approximately 10 blind serial passages were made in the same host. 
Stained smears of embryonic t issues were made a t  harvest without consistently 
demonstrating rickettsia-l ike bodies No identifiable infectious agent was 
recovered 

Work during the fall outbreak concerned primarily the intensification of 
the s t d y  of the rickettsia-l ike inclusions seen in a few patients t l y i n ~  I n k  j n  
the spr ing epidemic. The spectrum of laboratory anlmals inoculated w a s  
extended t o  include pigeons, albino ra t s ,  dogs, and cats, but major emphasis 
was placed upon the inoculation of embryonated eggs by different routes with 
blood obtained within the lst 48 hours of disease, and w i t h  autossy tissue. 
StRLned Fmpression smears obtained at autopsy were sturlid for intracytoplasmic 
inc lus ions . 

Passages were not usually made unless signs of illness were apparent. 
few r a t  and kmte r  lims were blind-passaged at 21-25 dey intervals t o  provide 
l i v i n g  potentially infected animals for  transportation t o  the United States. 

-'-%@nimal.s which were sacrificed for any reason were autogsied, and impression 
To date, no specific disease has been reproduced 

. -  nor has it been possible t o  demcrnstrate consistently i n  
rmic incluslons resembling those seen i n  fatal human 
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Ser ia l  passages from 6 blood specimens taken ear* in the disease, and 
fran 10 f a t a l  c a ~ e s ,  have been maintained in eggs. Routes of inoculation 
included yolk, m i o t i c ,  and allantoic sacs. 
materials from these egg lines w e r e  observed a t  tm of passage w i t h o u t  the  
conclusive demonstratium of rickettsia-l ike bodies. No demonstrable new 
arganism has been observed i n  these egg lines t o  date. 

Stained smears of passage 

The intracytoplasmic endothelial inclusion bodies were seen again i n  
tissue8 obtained f i a m  fatal cases of epidemic hemorrhagic fever in the fall. 
It is currently the impression that such granules are most intimately associa- 
ted w i t h  erdothelial  c e U  of the Large vessels; m e  c r i t i c a l  observation is 
required t o  confirm this. Whether or not these inclusions represent an 
"elementary body" form of the infectious agent i t s e l f ,  or some product of 
altered ceUular.metabolism, is unknown; definit ion of t h i s  point will depend 
upan the successful reproduction of these bodies by some cultural. technique. 

Isolation stulies are  cmtinuing i n  Korea, 'ibkyo, and Washington. V a r i o r r ,  
insects are used 88 primary experimental an- in the attempt t o  isolate  
the agent. 
microorganisms, and notably the pathogenic r icket ts iae ,  when inoculated into 
the body cavity of insects. This work has j u s t  begun. 

This approach is based on the successful cult ivation of various 

Entamlogic Investigations Entanologic investigations of hemorrhagic 
fever have produced inforrnatim pointing rather clearly toward chiggers (the 
parasit ic larval stage of mites) as the probable vector of t h i s  disease. 
AlthoW confinnation of t h i s  presumption must amit successful isolation and 
menipulatim of the etiologic agent, the accumulated evidence may be summar- 
ized as follows: 

In scrub typhus, a chigger-borne? disease, there occurs a characterist ic 
"spotty" dis t r ibut ion within broad areas of infection, due t o  the f ac t  that 
chiggers narmally occur anly in the Immediate vicini ty  of the s i t e  of mi- 
position of the adul t  female. Further, there is a close correlation between 
the seas0281 peaks of scrub typhus and the seasonal incidence of vectors. In 
Korea the seasonal abundance of chiggers corresponds w e l l  w i t h  the spring and 
fall peaks of hemnrrhegic fever. 
are related t o  the known vectors of scrub typhus, a s o u p  that ordinarily 
does not produce itching when Infecting man. 
probable that these minute forms could attack man and consistently escape 
detection. Chiggers greatly outnumber other ectqparasites such as laelaptid 
mites in the known endemic areas throughout most of the year, and are  the 
outstandingly dcsninmt group during periods of presumed hemorrhagic fever in- 
fection. Furthermore, they are  very hardy, capable of survival under adverse 
conditions and of act ivi ty  at much l a t e r  temperatures than are  most other 
parasi t ic  erthropods. The l i f e  cycle of trollbiculid mites is intimately 
associated with soil or s o i l  surface litter, and the length of time that 
elapses followin5 oviposition, before the appearance of the parasi t ic  larval 
stage, is sufficiently great t o  permit marked changes in  the environment from 
that required by the adult mite. The larval stage may remain dormant fox' 
some time i n  the locale in which it hatched, awaiting the appearance of a 
suitable host. For these reasons, persons brought into intimate contact with 
the s o i l  durlng periods of hi& chigger abundance would be par t icular ly  exposed 

The most abundant chigger species in K a r e a  

It is therefore considered 
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t o  contracting chigger-borne diseases. 
toward this sor t  o f  transmission. 

The epidemiologic evidence points 

The investigational approach t o  the entomology of hemorrhagic fever 
during 1952 was Largely through trapping rodents and other smaU animals in  
areas of knoxn endemicity, and analyzing their parasi t ic  fauna w i t h  respect 
t o  ntmibers a d  kinds of parasites present. The 4 rodents receiving particu- 
Lar attention in t h i s  program were 
ceus , C l e t h r i o n q s  rufocanus 

Microtus f o r t i s  2eU.i- - 
t r i t o n  nestor -- - 

The commonest species of chigger encountered lp K o r e a  during the period 
Mey-Deceniber 1952 was Trombicula (Leptotr&idium) pal l ib .  T. (L.) orien- - taus  was next, with T m p a h s  also well represented. “T. 
exhibited an i n t e re s tLg  zeasonal variation in abundance of t hz  h a m ,  
being the most prevalent chigger i n  May and again in September and October. 
Only a smal l  percentage of the t o t a l  chiggers collected in NavePsber were 

kiiiaz ce of s l l i d a  larvae preceded by 2 t o  4 weeks the narmally expected 
mmcima of hd-efever cases, and the decline of cases followed the 
decline of abundance of the species by a similar period. !the 4 species of 
w i l d  Korean rodents share the trormbiculid mite faun&, a l thoqh some host 
preference is indicated. 
Micratus was Tranrbicula  (Leptotrmbidlum) pallida. 

Laelaptid mites are parasi t ic  in all t he i r  active stages of development, 
but none of the Korean species encountered exhibited seasonal peaks of abun- 
dance that could be correlated with the incidence of hemorrhagic fever. They 
were far l e s s  abundant than trwibiculid mites. Fleas and ticks, the other 
ectoparasites of rodents likely t o  be involved iu disease transmission, w e r e  
re la t ively scarce. 

allida, and the species w a s  not found in December.  The maximum peaks of 

The chigger found most c - 0  on Apodemus and OLI 

Proof regarding the def in i t ive  role  of m y  of the potent ia l  arthropod 
vectors of epidemic hemorrhagic fever muat await the discovery of a sueceptible 
laboratory host for the agent and its use in the usual isolation a d  trans- 
mission s t d i e s .  Entomlogic and epidemiologic observations indicate that 
a group of arthropods may be vectors of this disease: 
arthropods of limited mobility, such as chiggers, laelaptid mites, f leas ,  
ana t icks.  

the ground-inhabiting 

Clinical  Aspects. Febrile Phase. An irregular hi@ fever is character- 
!I’h e ueual early symptans are indistinguishable from i s t i c  O f  the 1st 4 dws. 

those of many infectious diseases beginning with headache and general rmaLaise. 
m i s e  is prominent and is associated w i t h  restlessness, mgralgia, and lumbar 
backache. 
day i n  many Cases. 
the onset of hypotension. Anorexia occurs early and nay progress t o  nawea 
and vomiting on the 3rd or 4th day of i l lness ,  particularly in mer-dehydrated 
patients.  Thirst is prominent and may lead t o  excessive f lu id  intake. The 
2 most typical physical fixdings are  facial flush and injection of the con- 
junctivae end palate. 
neck, and upper mterior chest and resembling a lst-degree sunburn. The con- 
junctival end pa la t i a l  iqjection is fine, diffuse, reticulated,  and not as80c- 

Temperature r i s e s  rapidly, end reaches 102O F. or m e  on the 1st 
Irregular high fever (lolo t o  106O E’.) may pers i s t  u n t i l  

The flush is a diffuse erythema imrolving the face, 

iated w i t h  a purulent exudate. Hyp otemive phase. Si-if i c m t  Clinical shock 
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appears in approximately 255 of the patients. 
6th day but may appear as early BB the 3rd. It lasts for  f ran a far hours 
to  several days. Significant hypotension is absent in the remaining 75$ of 
the cases, and these patients pass d i rec t ly  into the oliguric phase. Physical 
findings in the shock stage suggest widespread capillary damage. The dias- 
to l ic  pressure is maintained hitially; thm readings such as loo/&, 9 / 8 0 ,  
and 86/82 are typical. A thready, w e a k  pulse usually pers is ts ,  but in severe 
ca8es blood pressure and peripheral pulse are unobtainable, the neck veins 
collapse, and heart sounds are weak and rapid, w i t h  an apical r a t e  of YjO/ 
minute or more. Conjunctival edema increases and petechiae appear in increas- 

=!%in-- o iguria or occasionally anuria pers i s t s  far 2 t o  6 
ing nuxibers. 
the febr i le  phase 
days. 
iod, and severe azotemia may be seen in  patients who never show hypotension. 
The symptoms of this phase are those of acute azotemia. Often the patients 
become i r r i t ab l e  and res t less ,  and sanetimes combative. The blood pressure 
r i ses  during oliguria, usually t o  mild hypertensive levels,  but it xmy reach 
200/120 and be associated with encephalopathy and convulsions. Bradycardia 
is common. Uremic frost ,  per icardi t is ,  diarrhea, and the hyporeflexia and 
weakness of hyperkalemia may occur in mare severe cases. 
The oliguric phase terminates i n  a profuse diuresis,  usually about the 10th 
day of illness. Because of impaired renal concentrating ab i l i ty ,  polyuria 
pers is ts  The concentrating ab i l i t y  of the kidneys gradually improves, 
returning t o  normal in 5 to 6 weeks. 

It is commonest on the 5th ar 

i c  Phase. U r i n a r y  output decreases sharply a t  the end of 

The severity of the renal phase is independent of the hypotensive per- 

Convalescent Phase. 

Disturbed Physiology in Hemorrhagic Fever. Doctor David P. Earle, con- 
sultant t o  The Surgeon General., who v is i ted  the Hemorrhagic Fever Center 
believes that many of the phenanena can be interpreted on the basis of accepted 
physiologic concepts which w i l l  offer a ra t ional  basis for the management of 
the patient. There are  a variety of nervous, humoral, and metabolic abnar- 
malities which undoubtedly contribute to, or play an important ro le  in, the 
pathogenesis of the c l in ica l  manifestatians of hemorrhagic fever. Where these 
are more clearly understood mnagement of the disease may be greatly simplified. 
Same of the most prominent are: 
loss of plasma i n  hypotensive phase; return of plasma t o  vascular system; 
trapping of erythrocytes in m o t e n s i v e  phase and into diuret ic  phase; reduc- 
t ion of available vascular space in hypotensive, oliguric, and early diuret ic  
phases; re la t ive  hypervolemia in oliguric and early diuret ic  phases; and renal 
fa i lu re  in the l a t t e r  phases of the disease. 

a r te r io la r  di la ta t ion in  hypotensive phase; 

A wide variety of therapeutic agents and methods have been t r ied  in the 
management of these patients.  In general, re la t ive  dehydration w i t h  careful 
attention t o  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 standard 
treatment during shock. 

In  the early. fall, Doctor W. Barry Wood postulated that the vasoconstric- 
t o r  noradrenalin miat be valwble i n  t h i s  disease, since blood vessels were 
dilated and engorged with l i t t l e  or no extravasation of red c e u s  into sur- 
rounding tissue, and since frequent early symptoms i nc lded  dizziness or syn- 
cope, and a flushed warm skin. While subsequent experience has indicated 
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that some patients become refractory even t o  huge doses of thie agent, arm3 
that apparently it is ineffectual i n  preventing the development of shock 
when given t o  patients early in the disease, it ie generally conceded t o  be 
an Rdditional and powerful too l  in maintaining blood pressure during the 
shock phase. 

Body Water Campartments. In an ef for t  t o  aSsess the shifts of fluid 
between the vascular compartment, i n t e r s t i t i a l  compartment, and injzacellulsr  
compartment, simultaneous measurements of the volumes of  dist r ibut ion of 
Evans blue dye, sodium thiosulfate, and deuterium oxide were done in varloua 
phases of hemonrhagic fever. 

. Investigation of the renal pathopbysiologg 
f i l t r a t i o n  rates and minimum effective 

renal  plasma flow revealed normal or high renal. plasma flows ard normal ur 
high glonerular f i l t r a t i o n  ra tes  during the ear ly  febr i le  phase in the 6 
patients followed. 
renal  lesion in hemorrhagic fever, but carppensatcry ischemia does not qpear 
t o  play an important role.  

This has not disclosed the ftnadamental cause of the 

Hematologic Observations Careful observation of the hematologic 
changes during the course of d i  sease in 29 patients with hemorrhagic fever 
revealed a rather seyere leukocytosis with a marked s h i f t  t o  the lef t  in the 
early stages, with the appearance of atypical lymphocyte6 on the 4th or 5th 
day. The appearance of these cello wa8 concanitant w i t h  an inereas- lym- 
phocfie count. 
grave prognosis. The hematocrit in  these cmes appeared t o  be correlated w i t h  
the c l in ica l  course. Slowly increasing levels are seen during the febrile 
stage, w i t h  a sudden r i s e  at the beginning of the hypotensive phase. H e m t o -  
c r i t  levels of 60 and 65 are camon, As blood pressure rises the hematocrit 
f a l l s .  This continues during oliguria, and norma3 levels are reached in the 
diuret ic  phase. Coagulation time and prothrombin levels axe usually narmal 
although c lo t  re t ract ion may be poor. F r o l o ~ e d  bleeding time, depressed 
pla te le t  count, and increased capillary f r a g i l i t y  are characterist ic . 

! 
Failure of the atypical lymphocytes t o  appear indicates a 

E 

the  
for 

P32 Blood Volumes. Tventy patients were s tul ied by a modification of 
Reeve-Veal1 radioactive phosphorous (Px) red-blood-cell tag technique 
the determination of blood volumes in the various phases of hepwThrrgic 

fever. The plasma 
volume, and thus total blood volume, fall i n  the f eb r i l e  stage, while the red- 
blood-cell volume remains within normal limits. In the shock phase the red- 
blood-cell voltme is decreased. 
remains low,  while the plasma volume is low t o  normal - with the t o t a l  blood 
volume remaining luw t o  low normal. 
volume remains low whereas the plasma volume is narmal t o  high and the tu ta l  
volume is normal t o  high. 

The following trends were established from t h l s  series: 

I n  the oligurlc phase the red blood c e l l  

In  the d iure t ic  phase, the  red-cell 

Camparative Pathology - 1951 and 1952. A cauparative stw of the 
and 1952 w a s  undertaken t o  determine w h e t h e  aqy con= autopsy cases ~f 

s i s t en t  and recognizable change in  pathology had occurred between the 2 years. 
For this purpose the cases were arranged by year according t o  thc stage of 
disease i n  which death occurred; i.e., shock, oliguric, or diuretic.  B e  
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clinical history and gross and microscopic pathology were then reviewed care- 

I 

There was a slight over-all decrease in mortality in 1952, aa evidenced 
bj a death r a t e  of 6 . q  in the fa l l  outbreak of 1951 and of 4.s during the 
ent i re  year of 1952. 
decline in the expected mortality ra te  during the oliguric phase, and 
probably represents the effect  of f lu id  res t r ic t ion  in the therapeutic regimen 

This slight over-all decrease represents a rather sharp 

a p l ~ j e d  in 1952. 

There w a s  a consistent difference i n  g r w s  weights of the organs during 
the 2 years, except for the l iver .  The average weight of the heart in 1952 
was normal in a l l  stages of disease. 
the fiadings in  1951, When the heart weight was increased in the shock phase, 
prosessively decreasing In the later stages. 

This w a s  in rather sharp contrast t o  

While there vaa a decreased incidence of pulmonary edema in 1952, espec- 
i a l l y  in those dying during the diuret ic  phase, there wa8 a counterbalancing 
increase in pneumonia as revealed by histologic exrunination. 

A significant dbservation when the cardiac sections were reviewed was 
that a very m i l d  but almost constant change could be observed which was 
diagnostic. 
was attributed t o  it because of its minimal nature. This change consists of 
a mild in f i l t ra t ion  of ce l l s  into an edematous Wer inmediately beneath the 
intact  and unaltered endothelium of the endoc&rdium. me i n f i l t r a t e  consists 
principally of various mononuclear c e l l s  with only a rare polymorphonuclear 
leukocyte. 
occasionally on the  valves. These in f i l t r a t e s  could be traced between muscle 
bundles into the interstitial tissue.  Similar i n f i l t r a t e s  frequently were 
seen beneath the erdothelium of the aorta and occasionally of the coronaqf 
a r te r ies  . 

This change was described i n  1951, but no particular significance 

Only a few c e l l s  thick, it w a s  found in all chambers and even 

There w88 l i t t l e  variation in the incidence of these observations between 
1951 and 1952, but there was a decreasing prominence from the shock phase 
through the diuret ic  phase . 

Scane %emrrhage" w a s  seen in the right auricle in all cases. It tended 
t o  occupy the edematow endothelial Layer and frequently was massed so that 
c e l l  outlines could not be distinguished. No cel lular  reaction was found t o  
t h i s  extravasated blood, even in  the cases of longest duration. Considerable 
variation in the s ize  of erythrocytes w a s  obsemed, extremely small erythrocy- 
tes being found frequently. These smal l  erythrocytes were obserwd in other 
areas of "hemorrhage" as well. 

The re& lesions seen i n  1952 w e r e  rmxh less  severe than those of 19.51 
but the fundemental changes described i n  1951 by Steer and Hullinghorst were 
present . Re-examlnatian of the cortico-medullary "hemrrhage" revealed that  
engaged, dilated vessels made up the "hemorrhage" in cases 00 5 or fewer days' 
duration. In  casea of longer duration d is t inc t  vascular channels were not 
found, but special s t am revealed delicate f ibers  suggesting an extremely 
dilated sinusoidal pattern. True hemorrhage seldom existed, and it is ndl 



believed that the appearance of hemorrhage is due t o  vascular d i la ta t ion  aril 
diapedesis of red ce l l s .  

The pathogenesis of the m e d u l l a r y  necrosis is s t i l l  obscure, although 
there is some evidence that it may be secondary t o  anoxia. Medullasy necrosis 
w a s  somewhat less  severe and less frequent during 1952. 

Chauges i n  the anterior pi tui tary assum ammewhat altered relat ion 
vhen considered according t o  stage of disease. Necrosis was present i n  all 
patients dying i n  oliguria and in 17 of 18 dying in the diuret ic  stage. It 
w a s  less frequent i n  the deaths occurring i n  the shock stage. There was 
l i t t l e  difference in severity 0%' "the necrosis between the 2 yeaxs. 

There w a s  a striking difference in  adrenal necrosis between the 2 years, 
especially in the o L i ~ i c  end diuret ic  stages. 

It is d i f f i cu l t  t o  evaluate the observed differences in histologic changes 
during the 2 years '  experience, but it is believed that most of' these differ- 
ences probably re f lec t  the difference i n  therapy between lsl and 1952 rather 
than an actual change in the character of the disease. Considerably more 
study of the histologic variations is planned. 

Surgical Research Team 

The Surgical Research Team was organized at the Airmy Medical Service Grad-  
uate School and sent t o  the Far E a s t  i n  December 1951, w i t h  the broad purpose 
of s t a - i n g  the combat casualty for means of reducing further both mortality 
and permanent incapacity 

Resuscitation of the Severely Wounded. Since 1 of the greatest problems 
in the treatment of the severely wounded is resuscitation, this wa8 the 1st 
problem undertaken, and it has remained the najor project during lB2. Many 
of these studies are  s t i l l  in  prog-ess. 

With injury, 6 things happen t o  a man: mechanical defects may occur 
which threaten l i f e  or function, t issue is destroyed, the defense against bac- 
t e r i a  is broken, blood is los t ,  pain and emotional stimulation occur, and a 
ser ies  of metabolic-endocrine changes is se t  in motion. The evaluation and 
correlation of any of these defects consti tute the problems of resuscitation. 

Mechanicai Defects. If these defects-such 86 an apen wound of , the 
chest, cardiac tamponade, or respiratory obst.ructian-cffect a v i t a l  function, 
emer&ency treatment may w e l l  determine the imnediate frtte of the patient.  

Tissue Destroyed. It is well knm that a hieh-velocity missile 
produces t i s sue  destruction far bey& its innnediate pathway. Cavitation 
occurs over E wide area and coasists of a ser ies  of cavities,  each baunded by 
a f a sc i a l  plane rather then a single cavity. As bullets ,  glass, or metal 
fragments strike the tissue,  each c e l l  becomes a secondary missile, traveling 
at right angles t o  the bul le t .  
s ize  of the f ist  al.thou@ me primary missile wes quite small. Wounds of en- 
trance end exi t  do not indicate the extent; of damage i n  the intermediate 

Bone fragments may t ear  a wound of e x i t  the 
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tissues. 
plane, t o  remove the d i r t ,  cloth, metal, and tissue fragments, and then t o  
excise the devitalized t i s sue  along the lateral mareins. 

It is  the responsibility of the surgeon t o  explore each fascial  

Defense A g a i n s t  Bacteria Broken. Immediately a f t e r  injury the battle 
casualty receives 300,000 units of penici l l in  and a booster dose of toxoid a t  
the Battalion A i d  Station. When 100 patients were stdied upon ar r iva l  at the 
forward hospital  approximately 33 hours after wounding, contanination of the 
wound was universal; Clostridia were present in approximately 2/3 of the 
wounds, Clostridia erfr e m  in approximately 1 /3 .  In sp i te  of this con- 

insufpiciency, are almost never seen in the b a t t l e  casualty under present 
conditions in Korea. Probably th i s  is due t o  the relat ively l i gh t  flow of 
casualties, permitting early and adequate debridement, and t o  the ear ly  a d  
consistent use of antibiotics.  Gas gangrene has been seen in anly about 1 in 
1,OOO casualties, has rarely proved f a t a l ,  and has occurred in ischemic, non- 
viable extremities i n  which adequate debridement had not been achieved. Tet- 
anus has not been seen. Per i toni t is  as a cause of death has been infrequent. 
Although the defense against bacteria has been broken, early surgical therapy 
and antibiotics M e  prmed quite eff ic ient .  Never before have ba t t l e  
casualties had so l i t t l e  t o  fear from infection. The short time lag of 3 s  
hours between wounding and admission is stressed. 

teminatiql, l ife-en * angering infections, except in those patients with renal 

The l aa t  3 factors-blood loss, pain, and metabolic-endocrine respotwe- 
are so interwoven as t o  be inseparable i n  the i r  consideration. Since severe 
pain is unusual in  the battle casualty, the need t o  administer drugs for the 
re l ie f  of pain is infrequent. 

Metabolic-Endocrine ChanRes Set i n  Motion. These changes are a 
response of the autonomaic nervous system, the adrenal gland, the wound, and 
other mechanisms. Defects i n  the adrenal cort ical  responses have not been 
discmered 

Blood Lost. The loss of blood and the responses of the autonomic 
nervous system are  the 2 most important factars in determining the immediate 
f a t e  of most patients.  Work here has confirmed the resul ts  of others that a 
man can lose approximately 2% (about 1250 cc . ) of his blood volume before 
his  blood pressure falls. 
marked decrease in  blood pressure. 
and the autonomic response emerge 3 syndrcaes. Using primarily the blood 
pressure as the baseline, there are the syndromes of compensation, over-corm- 
pensation, and decompensation. Conpensation. With a blood loss of 10 t o  2C$, 
the autonomic nervous system can produce a vasoconstriction and an increased 
cardiac r a t e  so that a narmal blood pressure w i l l  be maintained. The casualty 
is pale, dry, and usually has a rapid pulse of decreased volume. The surgeon 
must recognize th i s  s t a t e  and replace the blood-volume de f i c i t  befare any 
other therapy is undertaken. Morphine or demerol may cause a sharp drop in 
pressure. Anesthesia w i l l  convert t h i s  incipient shock into profound shock. 
Anesthesia, by blocking the compensatary response, changes empensation t o  
deccmpensation. Passive movement may have a deleterious effect ,  particularly 
if it is accampanied by changes in posture of the patient.  

A loss of kO$ (about 2000 cc.) is associated w i t h  a 
Out of the i n t e r p w  between blood pressure 
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where they l i e ”  should be added t o  the old adage, “Splint them where they 
l ie .”  Overconpensation is a syndrome charac te r izd  primarily by m e r t e n -  
sion. It is associated w i t h  a blood loss of 10 t o  255 and usually resul ts  
fram scvere fractures of long bon.08 associated with considerable destruction 
of muscle t issue.  
tar. Whatever the etiology, the hypertension is maintained through the 
mechan i sm of the autonomic nervous system. The pressure may rise 88 high 88 
240 mn. systol ic ,  but it is characterist ically around l5O-l.60 mn. sercury. 
A sharp drop in  pressure follows the cldministration of ganglionic biocklng 
agents. Pentothal, routine* used i n  Korea, produces a profound drop -Ln 
pressure. Xarcotics, intravenously, maJl or may not produce a very @dual 
return t o  a normal pressure. Therapy should consist of inmobllization, 
analgesia, and replacement of the blood-volume de f i c i t  . Anecthesia should 
await s tabi l izat ion of the reaction. Stabil ization is used instead of sub- 
sidence, as the hypertension may persis t  for a long (undetermined) period of 
t ime. This syndrane represents 1 of the very few Qstances in which morphine 
has 8 place in resuscitation, before asr ival  a t  the forward hospital. Decan- 

h s s  of over 25$ of blood volume, the body is unable $0 naintain a 
normal blood pressure. T h i s  does not inply that the autononic nervous system 
is not active. 
ing par t i a l  replacement of the blood-volume d e f k i t ,  a hypertension may 
develop. 
c r i t i c a l  point is an additional injury of greates& importance. As has been 
pointed out, the autonomic nervous system is acxive. 
t h i s  responae, it furthers the injury. Vasoconstrictors play the i r  chief 
ro le  i n  resuscitation a t  t h i s  point. 
restore normal blood pressure 3t this  time, but observation of 4,500 ba t t l e  
casualties whose evacuation tFme averaged 34 hours shows that normal blood 
pressure can always be restored prior to anesthesia if there is no w u r y  t o  
the central  nervous system or there is no continued loss of blood. 
following anesthesia, th is  statement becomes invalid. 

Usually pain is severe, and it may be the etiologic fac- 

- 
ensation. This term is used as a syndrome of shock i n  its accepted sense. 

It m;~w be quite active, as indicated by the fact that, follow- 

Anesthesia blocks the responsiveness of the patient and at this  

Since anesthesia inhibits 

Massive transfusion may be necessary t o  

D u r i n g  or 

A review of the experiences with some of the m e t  severely iqjured 
patients demonstrates several points of interest  

The study of 30 casualties who, on admission, had an imperceptible blood 
pressure showed that the prognosis of the casualty with a severe abdominal 
wound is mare grave than that of the casualty with a severe extremity mund, 
and that the amount of blood required for resuscitation is a bet ter  indica- 
t ion  of prognosis than is the blood pressure on admission. 
with abdominal wounds, 4 died of continu- hemorrhage and 3 died in  the 
absence of continuing hemorrhage. 
only 1 died; thus the over-al l  moeal i ty  of the abdominal wounds (7$) is 
10 times that of the extremity wounds (@) in this  small series.  A l l  7 
patients with abdominaL wounds who received 15 or m e  pints of blood fo r  
resuscitation died, while only 1 (E!.%) of the 8 w i t h  extremity wounds who 
received similar quantities of blood succmibed. The intermediate position 
of the group w i t h  the combined injuries probabq is due t o  the presence of 
abdominal injuries of less severity. 

Of 10 patients 

O f  the 14 patients with extremity wounds, 
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In  60 casualties who received 15 t o  k2 pints  of blood (cr blood sub- 
st i tute)  during the lst 24 hours a f t e r  injuryr again there was a higher 
murtality in those with abdominal wounds than with extremity wounds. Sim- 
i larly, the incidence of severe renal fa i lure  lay predconinantly in the g r o q  
w i t h  abdominal wounds. 

Mmtality i n  the group which received massive transfusion was due 
chiefly t o  continued hemorrhage, t o  renal fa i lure ,  and t o  postoperative 
Qotension.  
ine; the Ist 48 hours. Pulmonarjr edema has been so infrequent c l in ica l ly  
as t o  be a ra r i ty .  

Two patients w i t h  a gangrenous extremity died unexpectedly dur- 

Type "0" blood was used throughout t h i s  study. Crossmatching w89 not 
performed. Transfusion reactions Were extremely rare. Blood in unlimited 
quantities might not be available, hwever, t o  t r e a t  casualties in a mats 
disaster. Preliminary experience Ln Korea indicates that many of the cas- 
ualt ies can be sustained w i t h  plasma eqanders u n t i l  evacuation is achieved. 
Others, with mild t o  moderate injuries, can be sustained through surgery and 
su?mequent evacuation, w i t h  plasma expanders. Final ly ,  many of the casual- 
t i e s  can be resuscitated with whole blood and plasma expanders in a r a t i o  of 
1:l. The available plasma expanders leave much t o  be desired in  their 
present forms. Those under study in Korea, dextran and modified gelatin, 
offer prcslise of moderate suppart when blood is not available. 

To recapitulate, the imPPediate treatment of mass casualties should con- 
sist of: 
defects; (3) movement t o  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 restarat ion of blood 
volume. Low-t i te r ,  puup '0" blood can be used without appreciable fear  of 
henrolytic transfusion reaction. P1asma expanders can be used early and as the 
sole sqrporting agent during evacuation or o>eration of casualties having a 
blood-volume deficit; of approximately 10oO - 1500 CC. In wounds of greater 
magnitule a r a t i o  of blool t o  plasma expander of I:1 appears promising. 
Whole blood is, of course, preferable. 

(1) control of hemorrhage; (2) correction of serious mechanical 

Dehydration Survex. Fran January through July 1952 objective evidence was 
sought by selecting volunteers i n  the f ran t  l ine  and measuring the i r  daily 
urinary output arVi its specific gravity. The mer-all average for  the 265 
man-ws sttldied w a s  1,252 CC. per day, with a specific p a v i t y  of l.OZ2. 
The lowest urinary output occurred in January-993 cc . per day- as compared 
w i t h  1,344 cc. in March, 1,246 CC. In May, and 1,168 CC. in June and July. 
There was never dbjective evidence of continued water deprivation. 

In  a s t tdy of 50 casualties on admission t o  the forward hospital  a t  an 
average of 3.4 hours a f te r  woUnaing, the average specific p a v i t y  w8s 1,OdO. 

Clinically, dehydration was not noted. Thirst  is often an innwdiate 
result of wounding and does not signify dehydratioa at this early stage. 

A d r e n a l  Function in the O a t  Soldier. The purpose of t h i s  study w a s  t o  
survey the conbat soldier for  evidence of adrenal insufficiency secondary t o  
the chronic s t ress  of ba t t le .  
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For purposes of comparison, a limited stw waa made of nonccunbat troops. 

(2)  The average daily excretion a f J 7  ketosteroids was 13.6 mgerwith 

The average daily excretion of ll oqysteroids (farmalaehyao- 

(1) 
di&s in a nanconibat area. 
of 67. 
a range of 9.9 - 21.9 mg. 
22.0 mg. 
genic compounds) was  l'(7 pg-, with a range of 80 - 380 pg. The p~.&lished 
normal for the method used is 50 - 225 pg. 

The eosinuphil count was performed daily for 2 ar 3 aa;Vs on ll sol- 
The mean count was lk with a 8tanda-d deviation 

The published normid. fo r  the method used is 8.0 - 
(3) 

In the front-l ine soldier: (1) The eosFnophil counts of 17 mlin obtained 
dai ly  for  3 days w e r e  distributed about a mean of 154 with a stnnrlnrd devia- 
t ion  of 59. Single counts of an a d d i t i o a  21 p l r ~  w e r e  a l ~ o  n d .  (2) 
1'7 ketosteroid excretion was studied during 68 man-deJts; the results w e r e  
essentiaUy narmal. (3) 
soup  revealed a normal or elevated excretion. The change in excretion fran 
day t o  day could not be correlated with the w ' s  ac t iv i t ies .  

Studies of the corticoid eEre t ion  in the same 

No evidence of adrenal exhaustion has therefore been demonstrated. 

The Battle Wound. Observations at the surgical hospital  and a t  the 
evacuation hospital  have demonstrated few problem in the -t of the 
ba t t l e  wound. The pol,icy of debridement and secondary closure still appears 
t o  be the safest ,  most comernative policy. Twenty small WoUDds which were 
c-letely debrided aad closed primarily healed normally, but the probability 
of serious errors  i n  selection prevents the adaption 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 bacter ia l  f l o ra  of the war waund WBB staied in a selected series of 
casualties. Cultures of 94 tissue samgles from 33 patients have been capletad a 

Ninety-one $ of the patients demanstrated Clostridia; 6'j$ of the tissue 
specimens yielded Clostridia. Clostridium sporogenes and Cloetr ldi to~ 
gens were most cqrrmoaly isolated and were found at all depth8 of the 
frcun entrance t o  exi t ,  i n  clothing, and in soil. The aerobic flora contained 
a high incidence of non-hemolytic streptococci, Proteus, Aerobacter, aad the 
Bacillus species Hemolytic staphylococci were found occasionslly. 

e- 
- 

The ant ibiot ic  sensi t ivi ty  of 15 species of Clostridia f'ran the urotnds 
was  determined; most were sensit ive t o  penicil l in,  Zerramycin, and aureomycin, 
and t o  a lesser  extent t o  chloromycetin. 

Changes in the bacterial flora are  being correlated with the progression 
of wound healing. 

The Systemic Reaction t o  Wounding. A s  mentioned above, a loss of 20-2596 
of the blood volume is tolerated before the blood pressure drops. A blood 
loss of hO$ ('2,000 cc.) is associated w i t h  severe shock. Foll&ing severe 
injuries and transfusions, the blood pressure can no longer be correlated 
w i t h  blood volume. Massive transfusions may be required t o  res tare  the blood 
pressure. This s t w  of the blood velum is being continued. 
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Following injury, the red c e l l  shrinks i n  s ize .  With extremity wounds 
there is a padual drop in the hematocrit. With abdcpninal wounds there is 
a marked increase in the hematocrit. The hematocrit on admission is of no 
value in estimating the blood-volume def ic i t s .  

The white-cell count rises rapidly a f te r  injury. A count of 30,000 t o  
b , O O O  on admission is not unusual; generally this  falls during anesthesia. 
Occasioaally the c a t  fa l ls  precipitously toward the end of operation; in 
such instances the c l in i ca l  course of the patient has been quite serLous. 
The eosinophil count drops t o  ne= zero a few hours af te r  injury axxi then 
gradually r i s e s  over a period of days; a coincident iymphopenia has been 
described 

After injury there is an increase i n  the p la te le t  count and i n  the f ib-  
rinogen concentration of the blood. . The prothrcolbin act ivi ty  decreases w i t h  
transfusion, due possibly t o  a deficiency of l ab i l e  accelerator gldbulin i n  
the transfused blood. This deficiency may account for the oozing tendency 
seen a f t e r  massive transfueion therapy. A few days after injury the pro- 
thraabin act ivi ty  returns t o  nonnai. 
secorriary drop vhich is proportionate, both in  magnitude and duration, t o  
the magnitude of the original in,jury. 

Yhis is followed a few days l a t e r  by a 

The anuric patient not infrequently develops a defect in his  c lot t ing 
mechanism. C l i n i c a l l y  s ignificant bleeding may occur. Studies of this 
defect are  under way.  

With transfusion, the hemolysis of transfused ceUB produces a rapid 
r i s e  in the f ree  pplasms hemoglobin. 
centration of hemglobin falls rapidly. FoUaring shock ur abdominal injury, 
the concentration falls m e  slowly. 

If the circulation is adequate the con- 

Mnediately sfter trsnsfusion there be a loss of red cell6 of con- 
siderable magnitude. This is quite marked Fn some of the patients with 
very large t i s sue  defects and in those developing post-traumatic renal  in- 
sufY?icie!ncy . 

Changes i n  renal function are noted following injury: routinely, a con- 
servation of water and sodim cmd a loss of potassium far several days. A l b m -  
inuria is almost always present and is quantitatively proportional t o  the 
meplituie of the 4 jury .  Glanerular f i l t r a t i o n  as measured by inulin clear- 
ance, and renal blood fluw as nveasured by pera-eminohippurate clearance, are 
markedly reduced folluwing severe inJury. Daily clearance studies of endogen- 
ou6 creatinine reveal an elevation in most patients which pers i s t s  foor 7 days. 

The patient who is developing post-traumatic rend. insufficiency fie- 
quently excretes about 500 CC. urine the 1st day, but only 50 CC. the 2nd. 
Such a patient,  while excreting 500 CC. daily, has a very marked reduction in 
rend. blood flaw and in @;lmerular f i l t r a t i o n  r a t e .  A t  this time, hmwer,  
the ab i l i ty  of the tubules t o  concentrate the urFne is maintained. 

Standard hepatic-function studies reveal. s t r iking abnonnalities after 
injury; the function slowly returns t o  normal over a period of 7 - 14 drrys.  

I 



(1) D u r i n g  resuscitation the serum bilirubin rises sharply, and after a few 
hours begins t o  fall toward normal. The increment is in the protein-bound 
fraction. 
and then faUs; a 2nd rise occurs about the 3rd t o  5th day. (3) Braosulfa- 
lein retention is marked after serious injury; the excretion siowly returns 
t o  normal Over a period of 7 - 14 deys. (4) The cephalin flocculation t e s t  
is abnormal, slowly returning t o  no-. 
with transfusion; a 2nd fall occurs about the 5th - 8th day. 

(2) The urine urobilinogen increases for 1 or 2 days a f t e r  injury 

(5) h - o t h r m i n  ac t iv i ty  falls 

Studies of adrenal function l d i c a t e  tha t  the stress response in these 
patients is of long duration. 
result not of a single t r a m  but of repeated trauma: catibat s t ress ,  
anesthesia, operation, s e c m w  debridement, and secordary closures 

It seems probable that the respanse is the 

Immediately after injury the  eosinophil count drops t o  near zero; this  
was always observed a f t e r  serious inJury. Thereafter the count rises slowly, 
and may rise above normal. 

The corticoid excretion rises after injury aml then returns t o  n o m l ;  
a secondary rise mey occur. The excretion is usually invariably proportion- 
a t e  t o  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 i n  salivation and gastr ic  motility. 
There is a transient decrease in  the production of free hydrochloric acid 
by the stomach. 
injury. A f t e r  a bowel injury the absorption of water may be deleyed as 
l a t e  as 10 days after injury, even though bowel function appears t o  be 
c l in ica l ly  normal . 

The absorption of water (deuterium oxide) is retarded after 

Folluwing resuscitation there is a transient rise in plasma hemoglobin 
and protein-bound bilirubin. Albuminuria occurs, and others have s h m '  
that albumin is l o s t  into the injured t issue.  A decrease in the A/G r a t i o  
occurs. Fibrinogen increases and prothrombin act ivi ty  diminishes . 

Sodium retention and potassium diuresis follow trauma. Plasma studies 
of N a ,  K, Mg, and C a  are under vay. Creatine excretion af'ter muscle trauma 
is quite marked. Creatine ezretian ma;y be quite lar or exceedingly high. 

Sequelae of Shock and mury. POSt-TraumatiC Renal Insufficiency. R e n a l  
vasoconstriction follows any maJm inJury. As the degree of in jury increases, 
the dewee of result ing renal dawige increases. It is believed that th i s  
renal damage is due primarily t o  ischemia. So far t h i s  vasoconstriction has 
not been overcaw by a u t o n d c  blocking agents. As the degree of renal 
injury increases, the c l in i ca l  course of the patient becanes more critical. 
Very often hy-pertension accoslpanies this  renal  damage, and OccasionaUy it 
is  the most prominent manifestation. 

Any seriously i n j u red  patient may have a decreased glomerular f i l t r a t i o n  
and renal blood flow as meamred by inulin and P.A.H. clearance. Although 
some seriously inJured patients maintain a normal urinary output, they have a 



starqy c l in ica l  course but sunrive. 

i next d e s e e  of injury is ppsrked by oliguria and a more rapid r i s e  

- >  i e  of this ccmplication. Careful observation and occasional dialysis 
protein nitrogen and potassium. If not adequately treated, patients 

in a low mortality. 

’Ibe nest serious stage of renal d-e is anuria (less than 100 CC. urine 
idq). Prior t o  the development of the Renal Failure Center the m o r t a l i t y  
m this complication w a s  approximately 80 t o  w, the patients dying on 
mt the 6th day. The mortality r a t e  is MW 50-60$, with death occurring 
tbe l l t h  12th dw. 

riel of tm intra-aortic balloon catheter t o  control hemorrhage p r k  t o  
s thes ia  in the extreme circumtance has been suggested. A s  yet  no progress 

bas been d e  on this problem, 

tramf’mlon even though previous transfusion w a s  massive. Vasoconstrictors 
bave a limited place in conjunction with transfusion. Observations are  now 
tlnder way 031 the pressor response t o  calcium under these circumstances. 

Irreversible shock is not recognized prior t o  anesthesia unless it is 
bssed on continuing h e m h a g e  or Wury t o  the central  nervous system. 
Shock is sanetimes rather refractory t o  transfusion, hawever, after massive 
mund8 of the abdomen or extremities. Anesthesia greatly accentuates this 
refractoriness. Continuation of this st&y in the f i e l d  and in the Zone of 
the Interior has been recomended. 

Gas Can ene. 

bat t le  wounds with Clostridia. Mortality frau t h i s  canplication is now 
almost zero. 
debridement and t o  the consistent use of antibiotics.  

This complication has been recognized in only about 
1 in 1, + ba t t l e  casualties, despite the almost canstant contamination of 

The Infrequency of t h i s  complication is due t o  early, adequate 

Vascular Injuries. Arterial injuries have been studied far the past 
year. Primary arterial repair  is the treatment of choice. Autogenous vein 
grafts can be used t o  bridge larger defects. A l l  a r te r ies  09 a caliber 
larEe enough t o  permit anastarnosis should be repaired. No limitation as t o  
time between injury and repalr  can be described. 
dividual patient is due t o  anoxia of the muscle rather than t o  local a r t e r M  
changes. 
individual vessel, the incidence of f a i lu re  r i s e s  sherply af ter  a lapse of 
8 hours. 

The limitation in an in- 

Altho- no l imitation can be placed on the time of repair  of the 

As a resul t  of the prodect many limbs are being saved in the ba t t l e  
casualties of Korea. 
t o  the popliteal  artery has dropped fran 

The incidence of amputation of m extremity af‘ter hJmy 
in W o r l d  W a r  I1 t o  approximately 

20$ in this s t a y .  
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Hematologic Response t o  Wounding and t o  Resuscitation Accclmplished bx 
Large Transfusions. 
from massive transfusion of group "0" cells, 37 casualties were studied a t  
the time of i n i t i a l  resuscitation; some of these men received 30 or more 
pints  of blood. The natural resul ts  of storing blood - Fncreased plasma 
hemoglobin and potassium, nomriability of platelets  and leukocytes, and l o w  
labile factor activity - had l i t t l e  or no deleterious effect  on patients. 
As mentioned ear l ier ,  there is a remarkable loss of circulating red-cell mass 
i n  patients w i t h  wounds involving great tissue destruction; t h i s  is believed 
t o  be due t o  hemolysis from an unknown mechanism. 

In  an effort  t o  determine whether harmful effects  resu l t  

Massive transfusion of group "0" blood into patients of other types 
resulted in  a more or less compiete rehlacement of red ,cells. These patients 
at times have plasma antibodies against the i r  own h e r e d i t w  bo- ;  th i s  
produced a gradual hemolysis of native red ce l l s  i n  some cases. No c l in ica l  
reaction Occurred, and this  is not believed t o  be a serious matter so long 
as no effor t  i s  &e t o  us4 a type-specific transfusion for at least 2 weeks. 

Renal Insufficiency Center 

While renal insufficiency is a re la t ively infrequent complication of 
If just i f icat ion is needed wounding, the mortality from it is very high. 

for the extensive and specialized ward-laboratory operation required by 
these few patients, it l i e s  in the fact that effective therapy is made avail- 
able t o  a group of wounded soldiers, increasing each individual's opportunity 
fo r  survival t o  an extent not possible before. 

I 

v 

The following conclusions are drawn from 1 year's operation of t h i s  
Center : 

(1) Because patients with renal insufficiency present complex problems 
in physiology end c l in ica l  management, maximal efficiency is achieved by 
concentrating them together w i t h  physicians hRving special  training i n  this 
f ie ld .  Likewise, assigned nurses and technicians rapidly learn how t o  meet 
the needs peculiar t o  these patients and became expert i n  t h e e  v i t a l  task 
of continuous care. 

(2) The pract ical i ty  of the Brigham-Kolff type of a r t i f i c i a l  kidney as 
a usable instrument i n  a fixed situation i n  the field is conclusively demon- 
strated. Its requirements of 220-volt electric current, preheated dialysate 
bath waLer, me. E flood ~frafn f o r  disposal of used dialysate f iu id  were easily 
met. 
be &e i n  advance. Additional stud1 w i l l  be required before the present 
instrument can be couabderd portable enough for close support ;,? a highly 
mobile type of warfare; it is h o p €  that  these studies w i l l  be undertaken 
soon 

Special arrangments for  supply of special nonstandard equipment m u s t  

(3)  This experience demnstrates the v d u e  of establishing certain spec- 
i a l i zed  treatment centers within the forward zone of military operatiom. 
The unique metabolic behavior of these patients demands prMpt and early 
specialized treatment and renders therapy in areas t o  the rear relatively 



ffective. Early helicopter evacuation is well t o l e r a t d  by these 
ts. The a r t i f i c i a l  kidney must elmye be considered as only 811 adjunct 

medical care. 

(4) The management of patients with renal insufficiency requires ade- 
laboratory support, inchdin8  determination of the major extracellular 
electrolytes and nonprotein nitrogen i n  blood, urine, vonitus, and 
intestinal drainage, as w e l l  as frequent tracings by a direct-writing 
ocardiograph. The latter, together w i t h  a f l a m e  ghotameter, manmetric 

apparatus, and accurate analytic methods fo r  other substances, were 
operable and gave good results under the f ie ld  conditions experienced. 

The bulk of the c l in i ca l  experience imrolved patients w i t h  renal insuf- 
cy following trauma, most of wham were wavely woUnned. Their mean 
tion time was 3 hours frm wounding t o  def ini t ive therapy, usually a t  
A r q y  Surgical Hospitals. In  every instance available data suggested 

these patients had a period of hypotenaion and had received some low- 
type "0" blood; many received albumin and plasma. 
insufficiency was uniformly suggested by postsurgical persistence of 

The diagnosis of 

oliguria and i n  RODE instances was  confirmed by water-load tests. 

' Hemodialysis achieves only 1 dbjective directly:  restoration toward 
d of disturbed extracellular f lu id  ionic and molecular concentrations; 
indirectly, intracel lular  camposition is also affected. Clinically, hemo- 
dialysis is follared by improvement in mental alertness and sense o f  w e l l -  
hing,  re l ie f  of nausea, a d  increase of appetite; consequently, bedside 
care nnd management proceed more smoothly. 

The patient 's primary surgical problem remains, however, 88 does the 
inevitability of chemical snd c l in i ca l  uremic relapse so long as oliguria 
persists. 
may not be expected t o  reveal the t rue value of the technique. Whereas only 
2 patients clearly owe their survival t o  emergency use of the a r t i f i c i a l  
kidney, it is reasonably cer ta in  that most of the patients who expired would 
have done 60 much sooner without access t o  the dialyzer, and thnt  U G U Q I L ~  
death occurred when the problems of healing massive wovards, infection, and 
malnutrition in  the presence of prolonged, severe uremia proved uverwhelming. 
Few of the survivors i n  addition t o  the 2 just mentioned would have recovered 
without hemodialysis because of the severity of their potassium intoxica- 
tlon; and, i n  any event, they were aided chemically and symptomtically by 
the pxcedure. 

u For th i s  reason, nmerical  s t a t i s t i c s  of morbidity and mortal i ty  

The admission procedure should be arranged so that a complete electro- 
cardiogrm is available within 5 t o  10 minutes of the pa t ien t ' s  a r r iva l  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 hours. Hemodialysis is an adjunct t o  a regimen of medical 
management and is used whenever indicated. 
for  the patient upon admission. The regimen fo r  the oliguric phase of acute 
post-traumatic renal insufficiency consists of the following: 

The kidnej should be available 

(1) Restriction of f lu id  intake (exclusive of blood, plasma, albumin) 
t o  equal but not t o  exceed measured f lu id  urine, vmi tus ,  and gastrointestinal 



output. 
p i r ica l ly .  
edema or dehydration, and (b) daily weight, measured even i n  unconscious 
patients on a standard ward scale by m e a m  of a rack and l i t ter  apparatus 
of known t a r e  weight. 

Obvious sweat losses in febr i le  patients are compensated for em- 
The volume therapy is guided further by (a) evidence of c l in i ca l  

(2) Prcmbion of an intake of a t  l eas t  400 calories (100 gm. glucose) 
per day and as mch more as possible. With restr ic ted volume intake, t h i s  
necessitates the oral tr parenteral use of hypertonic dextrose solutions. 
The oral route is used whenever possible, but drowsiness and vomiting usually 
terminate this.  

(3)  An electrocardiogram daily or oftener t o  detect potassium intoxica- 
t ion 

(4) Sitt ing,  walking, or moving around in  bed as niuch 88 possible, on 
the par t  of the patients, in an attempt t o  avoid the puJinomry canplications 
t o  which they are particularly susceptible. 

Potassium ion exchange resins used orally or per rectum where pos- ( 5 )  

( 6 )  

s ib le  t o  cmt ro l  the level of plasma potassium. 

Testosterone propionate, along with caloric intake, which probably 
slows the ra te  of t i s sue  catabolism which in turn  is the course (presumably) 
of the increased NPN and potassium characterist ic of t h i s  disease. 

(7) Sodium carbonate , c.dc im gl.ucona.t,e, d ig i t a l i s ,  whole blood, packed 
erythrocytes, sedation, etc., used judiciously as indicated. 

In the diuret ic  phase, repletion of f lu id  and electrolytes is based on 
accurate measurenents of the pat ient ' s  Losses, and replacement therapy is  
designed accordingly. Whereas overtreatment mny be the mst l ikely error 
during the oliguric phase, depletion s ta tes  frm inadequate replacement 
therapy consti tute the major hazard during the diuret ic  phase. 

Clinical  Investigation - Effect of Hemodialysis on Cardiovascular Dynamics. 
Interpretation of the artificial-kidney c i r cu i t  between radial artery and 
antecubital vein shows that it mimics t o  a degree an arteriovenous shunt, has 
been observed t o  increase a r t e r i a l  and pulse pressure, and may improve 
cardiac function in uremia. 
measurements of cardiac output and the volume of blood i n  heart and lungs 
(central  blood volume) 

A stvdy of these mechanisms was undertaken by 

In  the majority of instances pulse ra te ,  pulse pressure, and mean arteriel 
pressure rose, and stroke volume fell, during dialysis. C a r d i a c  output and 
peripheral resistance varied reciprocally; the former increased significantly 
in 3 patients, decreased in 2 ,  and w a s  unchanged Fn 6 .  In 2 patients who had 
had pulmonary edema at the start of dialysis, c l in ica l  imgrovement w a s  not 
associated w i t h  changes in central  blood volume. 
between he- 'c changes and the variations in blood chemistry caused by 

No correlation was  evident 

sialys is * 



C. 

The data indicate that dialysis does not create a significant arterio- 
venous shunt and that the changes it e l i c i t s  in  cardiac output and peripheral 
resistance are variable. 

during protein catabolisnr. The increments in  p l a ~ i i a  conceitration were 
multiplied by the estimated volume of' t o t a l  body water i n  the case of NPN and 
by that of extracellular fluid in the case of potassium. The products 
ascertained could be added dgebraical ly  t o  the respective external balances 
as customarily determined, arvi the  t o t a i  daily production of those metabolic 
products thus estimated. 

The resu l t s  show that the rates  of production of nitrogen and potassium 
are higher in  patients who harbor nonviable or infected t issue than in  those 
who do not. Thus: 

Acute Uremia 
(1) M i n o r  trauma 

Average Rate Of' 
New Nitrogen Production 

10 wl./da.y - ,  - 
(2) Trauma with retained necrotic 

(3 )  Massive necrosis, generalized 
t i s sue  2a €4- 
peri toni t is ,  severe infection 40-60 gn./dqy 

The r a t e  of accunailation of potassium in  extracellular f luid does not 
correlate w i t h  the apparent r a t e  of nitrogen production. 
acute uremia is associated with intracel lular  accumLLLation of potassium. 

This suggests that  

These calculations may s k e  88 an estimate of losses of body t issue and 
the effects  thereon of treatment. They demonstrate the large metabolic dif- 
ferences imposed by dif'ferent degrees of wounding and infection. 
the r a t e  of protein catabolism; th i s  i s  in co~parison with weight loss in- 
dicating the r a t e  of breakdam of body f a t  and of l iberation of body water. 

They measure 

Intracellular Sodium and Potassium. The amount of potassiuri removed 
during dialysis  into the bath is a l w a ~ s  greater than the decrement of potas- 
sium in extracellular f lu id .  
removed tYom the ce l l s .  An attenpt w a s  made t o  estimate changes i n  c e l l  
contents from the changes i n  sodium and potassium concentrations i n  erythrocytes, 
since it seemed that these c e l l s  might participate i n  th i s  s h a t  of potassium. 

It follows that potassium has therefore been 

The analyses depend on determinations of sodium and potassium in whole 
blood and plasma and estimations or c e l l  content by reference t o  the hemato- 
cr i t .  In 9 normal individuals erythrocyte concentrations 01' sodium averaged 
11.9 meq./L and of potassium, 9(.'( meq./L. 
erythrocyte s o d i u m ' w a s  usuaLLy increased and potassium normal; these pre- 
dialysis  levels cowd not be carrelated w i t h  estimates of' c e l l  concentration 
from external balance or previous therapy. 

In  patients before dialysis 



Special Investigation of Blood Usage and Blood Starage 

During 19>2 a continuing effort was made t o  establish an ef f ic ien t  blood- 
banking and blood-distribution program- A s  in  previous years, most af the 
blood was obtained from the Zone of the Interior;  supplements were drawn i n  
Japan. The donor panel available i n  Japan w a s  intended primarily t o  meet 
emergency requirements i n  Korea, and t o  provide blood of' types other than 
"0" for use i n  hospitals i n  Japan. 
ly drawn would reduce materially the amount 01' blood routinely obtained from 
the United States.  Since blood was sent t o  Korea whenever requested, it w a s  
fe l t  advisable t o  survey blood-bank, blood-distribution, and blood-use pollcies 
111 Korea. The survey, fortunately, coincided w i t h  a period of cmsiderable 
en- act ivi ty .  This survey, and a study or blood receipts and issue data 
for  the ent i re  year, showed that under the mi l i t a r j  s i tuat ion i n  Korea a 
more organized program m i g h t  be f'ormulated. 
attacked: providing the freshest blood possibLe, and decreasing the amount 
of blood kept i n  reserve by means of a more err ic ient  dis t r ibut ion program. 
These problems are  easily overcame. 

It w a s  not intended that the blood local- 

There are 2 points t o  be 

During 192 approximately 100,W bott les  of blood were received l'ran 
the United States, and 35,UiK) bottles were collected in Japan. During the 
same period approximately @,WO bott les  of blood were sent t o  8th Anqy,  
3 0 , W  t o  KCm, and 2U,Oo t o  hospitals I.KI Japan. It WLLB not possible t o  
be certaln of the number of bottles issued t o  Uth Army per wounded in action 
because th i s  blood w a s  made available t o  a 8ignl.ficant but unknown percentage 
of: Koreans who were wounded i n  action. Approximately 2 bottles of blood per 
womded in action were issued t o  8th Army if' all Karean wounded are included, 
and 4.75 bott les  per wounded i n  action if only U.S . and UN other than 
Koreans are considered. 

During 1952, reserfe blood depots were maintained in Tokyo, Pusan, and 
Seoul, d 3 advance subdepots in the 8th ArnIy area; i n  addition, each 
hospital  maintained a reserve t o  meet emergencies. Althou& there was no 
actual loss of blood through wastage, the multiple reserve levels resulted 
i n  aging of the blood in the depots. This wa8  recognized early in 1952, 
srd the policy of sending the freshest  blood possible t o  the hospitals w a s  
emphasized. 
mately 3 times the maximum used during any day. Since approximately 3 ms 
ehpse between the thne emergency requests are sent t o  the Z I  and blood is 
received, this would  appear t o  be the m i n b u m  3-we1 t h t  could be safely 
maintained. H a w e v e r ,  this survey occurred durjnc a period of heavy act ivi ty .  
In  less active perS.ods, the reserve level represented almost 811 8-&~- supply, 
which appears t o  be excessive. 

The reserve level during the survey period in 1952 was approxi- 

During the survey it w a s  found that approximately 20$ of the wounded '2 
action were transfused, receivine an average of 4.3 bottles of blood per 
petient,  or 0.9 bott les  per wounded in action. 
much more l i be ra l  use of blood than wa8 reported during World War 11, and 
there was some indication tha t  the t r d  tcMard the use of s t i l l  larger 
amounts of blood i n  the treatment of wounded is continuing. 

This experience indicated a 
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The Medical Service personnel of the Wound Ballistics Research Team were 
ed at the Far E a s t  Medica Research Unit during t h e i r  v i s i t s  t o  the Far 
t Command i n  1952. The investigation of body armor w a s  a combined effor t  
the Medical Service end the Quartermaster  corps^ The result ing reparts 

e classified. 

FIJTLRE. Work w i U  be continued as indicated abuve. 
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