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Project NO. 6-60-09-11 
Contraot No. MD-79 

NOT FOR PUBLICATIOH 
Report Date 30 June 1952 

Serum Proteine i n  Liver Dieease 

Dr. Roy H. Turner 
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BRIEF. The purpoee l e  t o  Investigate eerum l i p i d  and wotein behavior i n  l lver  
dieesee by meane of an snalytic centrifu&im teohnique. 

BAcgDR(xRsD. Experimente with P32 were oarried out on 3 nonmle and 1 caee of 
polyoythemia. 
levele i n  the oolumn of centrifu@,e and wae low a t  othere. 

The rate of labeling of l i p i d  phoephorw wae eepeoially rapid a t  e m  

Utilizing the invee t i s tore  method of ue- the quantity ultraoentrifuge eo ae 
t o  eemple the column a t  10 levele and t o  make m l t l p l e  analyeee of the oentr i$u&%te,  
an experiment wae deviled t o  ehm the effeot of o 

centration of neutral fat i n  the cream layer and inoreaee i n  oonoentration of l i p i d e  
In the low-medium deneity zone were aeeoaiated with an inoreaeed rate of turnover of 
phoepholiplde i n  theee regione. Tentative interpretation wae that t'he l ipide of the 
lov-medium density zone play a epeoial ro le  In the adaptation of the individual t o  
the  etreee of camplete oalorio starvation and that the  l ipide preeent i n  th ie  portion 
of the oentrifugate are In an as-pet-unidentified part of the pith between l i p i d  depote 
and the  e l t e  where the f a t t y  aoide w i l l  be ut i l ized i n  energy metaboliem. 

lete caloric etamation in a 
healthy but obeee medical etudent. Iabeling with 9 2  P indioated that the fa l l  i n  con- 

PROORESS. The inveetigators aooanpliehed the  following: Devieed 8 new and h- 
proved ultraoentrlfugal procedure for  the etudy of eerum l ipide and proteins. Thie 
permitted finding for  the l e t  time of lipoproteine which oontain phoephollpide but 
no oholeeterol; Eetabliehed normal valuee fox+ the influence of ingeetion of l ipid- 
r i o h  m e a l ,  starvation, acute virus hepatitie, and other ol inical  dieordore; deter- 
mined differenoee i n  ta&n& with P3* a t  different level8 in the ultraoentrifugate; 
and deeoribed 3 eyetoma of l i p i d  ocanplaxee with the flurotlone attr ibuted thereto. 
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1sx~0rlmental and c1 I P i d  S t d l 0 8  on" baute and Chronic Hewitlo Diaeasq 

Dr. -011 J. Watson 
Dopnrtmnt of Modicine 
U n l v e r r l ~  of Mlnueata Hospital 
Mbmoapolis 4, yinn. 

- BRIEF. To oonducf studiea *oh dll a o m l a t e  the physiologia dysfunctions en= 
aountered In infeotlour hepntit lr  and i t s  chronic sequelae with the pathologio changes 
and a l i n i m l  s P . p t 0 ~  attrllmtd t o  the lnfeotion, 

BACKGIU3JND. Work on the effeot of aumompllz on urobilin d rteroobilin formation 
ar related to ohanges in f e d  flora field& rather conalualve.sridence that the reductton 
of biltrubdn t o  urobllioogen oocurs only In the intest ine and requires the presence of 
coliform o r g a d n o ,  and that neither mew Mlirubinogen nor steraoMlinogen i s  formed I n  
appreciable arounts fo l lodng  aweomproin therapy. 

There a s  developed a quantitative micmfluorospectrophotowter f o r  cytoohemical 
etudies, espeoirlly of the liver.  After d h t t i n g  the danger of too great aensitivlty, 
valuable fesults iron fhe mrk on Porn& He 
indiontedt a )  Loaalisation of porphyrin: c e ~ m  Bengal, eta., can be readily 
dudid. b) !he study of fll~ororwenee apeotra of mlnute amounts of material i n  solu- 
t ion  (1.0. 10-13 gms. porpwin) should prove valuable i n  characterization and iden- 
t i f  ication. 

St lmlated by Stloh'a report that riboflavin i n  large amounts markedly reduces 
w n  exeretion, the effecta of riboflarln phosphate given intlmenously tniae hi17 
~ ~ a s t u d i e d .  While very sigrdfioant decreases of coproporphyrin were seen i n  certain 
cases shodng a l in i ca l  and laboratory improvement, the data are insufficient t o  prom 
these change8 related t o  the riboflavin. 

in Liver Disease are  clearly 

Studlor on the  L leo t ro~&Ic  Me- o f Determination of Serum Cholinesterase. Dr. 
Frame a d  Miss Trainor completely confirprsd the r e l i a b i l i t y  of the mthod, 
collected data In various casea of l i ve r  diseam in order t o  see whether t h e  cholinee- 
torase determination is of value in distinguishing hemtemesis from a bleeding varix 
f r o m  that due t o  other causes moh as peptic uloer. It i e  also desired t o  learn i t 8  
value d t h  rempeot t o  liver injury from operetione and anesthesia. 

Dr Stevenson 

Studlea on ExnSrimr&l Lirer Id= ( ~ r .  kffbauer). &inan and fecal  co~rofx~ r- 



coproporphp-in frequently encountered in l iver  disyms are related to a disturbed cellular 
metabolism in the liver. 
l iver  ce l l  metabolism, hare been used i n  large amunts and, wherever poesible, i n  pure 
form. The broad plan bas been to observe the patient's general &atus and liver-function 
tests done rrerially dtlding a period of hospital die t  and bed re&. In very ill patients, 
however, t reat lent  was often qtarted immediately and in. these instances it was much mre 
di f f icu l t  and often impossible to  assay beneficial effeots, a t  leaet where there was 
improvement. Reasonab4 acceptable data haw been recorded in 69 experimnte conduoted in 
41 patients. A moh larger number of patients me studied, buf in instances of rapid 
improvomnt, rapid deterioration and death, o r  other factors, the data;mt considered 
eetisfactory, were omitted. 

Thereform substames known t o  have importanh with relation t o  

The ssleotion and frequency ?f the laboratow procedures depended upon the uharacter 
of the probleq with p a r t i d a r  relation to the relative aauity and the preaenoe o r  ab- 
aence of jamdice. 
daily or ewrr other dar. 
i n  the 41 pationts follow: 

Usually the urinary coproporphyrin and vrobilimgen were f o l l o d  
The substances and number of experiments conducted with each, 

9 

Lipadrenal extraat (Upjohn) 8 
Aureoqycin 12 
Chloromycetin 1 
ACTH 8 
Nlacin 5 

Coraabne 1 
Folic Add 4 
Crystallin, co-carbox$Laso 

(20 mge. d a i 4  intra- 
r u s d a r 4 )  2 

Testo starone propionate 2 
leuroton 2 
Intraheptol 2 

There 1118 SOM overlapplngj a mbetanoe mi&* be started while another was Still 
being given. Since in the- inetanuor them was no widenas of therapmtio benefit, t h i s  
faofor fight bo dioregaded, although the possibil i ty of antagonlnr -mot be rullj 
uelodod. There is arkrow diff icul ty  in a q  event in oontrolllng experiwnts of this 
type as t o  oaloric intake, tme of calories, f luid intake, activity, etc. It -8 per- 
fec t ly  olear i n  a number of inetances, not included I n  the above p u p ,  that  bed reat  
and hospital d i e t  alone produced steady and often marked improvement. This was txue only 
in the uases of alcohollo oirrhoeis and hepatitis. 
hepati t is  or of ldiopathio cirrhosis regularly fa i led to  show improvement in am consie- 
tent  faahion or i n  relation to  a e h i n g  that was done for them. 

Of the above, those requiring mention are lipoadrenal extract, aureomin,  testo- 
sterone, and ACTH. 
either a clinical  o r  a haboratory atandpoint. 
Websterle claim that lipoadrenal extract was verg benefiaial In  various types of sub- 
acute or chzrohio l iver dlseaee.) 
cepting that in the 4 instancer of aholanglolltia tw in whioh pruritus was a prominent 
mymptom and there was olevation of the serum bile  acids, the exhibition of ACTH was 
followed by a signifiuant decrease in the bile auid concentration and prompt amlio- 
ration or dimappearance of the pmudtus; 
a f t e r  the disaontinuance of ACTH. In 1 inatanoe 2 oourses were given several ronthr 
apart, nith the same result dn both occasions. 
of mmtea6fiis following shortly upon the use of ACTH, 2 o t b r r r  of mental change, 1 of 
dist inct  inmaae of ascites and edema. 

The u a h  of oirrhosis following 

The others, and lipoadrenal extract, had DO significant effects from 
(This study of 8 cases fa i led t o  sonfirm 

There was no benefit in 8 cases treated with ACTH ex- 

t h i s  reaufied i n  all instances n i th in  2 nooks 

The adverse effects included 2 instances 
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The effeot  of aureolqycin was generally disappointing. Its administration t o  3 pat- ' 
i e n t s  i n  cow appeared t o  produce consciousness but the improvement was short-lived and 
the  pat ients  died. 
fever of ciiThosis and produced general improvement. 
alcohollo, m n f a t t y  group. 

I n  cer ta in  cases of alcoholic c i r rhosis ,  aureomycin eliminated 5he 
No benefit  was obsened i n  the  non- 

Experience with testosterone was very limited. Complete recovery followed i t a  use 
i n  1 case which appeared to be a-.long standing, subacute hepat i t is ,  rather than cirrhosis.  
I n  the other case, c lear ly  a post-hepatic cirrhosis,  there  was no improvement. 

11. Studies of S t e rmbi l in  and Urobilin ( w l  t h  Dre. Green, Schwartz. a d  Clausen). 

A very sat isfactory f luorimetr ic  method has been achieved 
A. Much a t ten t ion  has been given t o  the  problem of an accurate, sensi t ive method of de- 
termining blood stercobilin.  
fo r  samples i n  which the  b i l i rub in  content i s  s l igh t  o r  neglligible, but i n  i c t e r i c  senma 
the  oxidation of bilirubin t o  choletel in  in te r fe res  w i t h  the fluorimetry of steraobilin,  
a s  the choletel in  a l so  gives a green fluorescence. Somo very promising r e su l t s  have been 
obb.ined recently n i t h  methods which protect  the b i l i rub in  from oxidation during the 
bbrmtion of t he  fluorescing zinc complex of stercobilin.  It is believed that this 
method nil1 be valuable in further study of the s tercobi l in  clearance i n  liver disease 
and i n  re la t ion  to the  native urobi l in  and s tercobi l in  of the blood i n  pat ients  with 
hepatic functional impairment. 

B. Dextrorotatory or d-urobi l in  bas been studied intensively. In addition t o  i t s  
very great dextrorotation (-4000), it i s  characterized by an intense purple-blue color 
when heated b r i e f ly  with dioxane and HC1. This calor reaction i a  not given by sterco- 
b i l i n  aad is  given t o  a very a l igh t  extent by urobi l in  I X ,  a - the  l a t t e r  being opt ica l ly  
inact ive and the former strongly levorotatory. A simple method of resolving mixtures 
of these 3 substances i n  very minute amounts nomi-quantitatively w i l l  be applied t o  
samples of urine and feces, Hith par t icu lar  reference t o  t h e  possible occurrence of 
d-urobilin i n  b i l i a r y  tract  infec tbna .  
t he  proportions of stercobilin,  d-urobilin, and urobi l in  I X ,  a, i n  urobi l in  containing 
w i n e s  from l iver  and b i l i a ry  t r a c t  disease and various hemolytic anemias i n  re la t ion  
tor  
than i n  the colon, and i s  not a precursor of stercobi l in  and 2) t h a t  very s ignif icant  
differences i n  the  proportion of these 3 substances m y  be found i n  r e l a t ion  t o  cer ta in  
types of l iver  or b i l i a r y  t r a c t  disease. 
compounds provides a much greater y ie ld  than any hi ther to  employed. 

C. A study with Dr. Pad. Lowry lnvolvee the i so l a t ion  of N15  tagged b i l i rub in  from 
the  feces  of a pat ien t  with hemolytic'jaundiae who was given terramycin. 
ouely shown that t e r r awin  a t  least teaporarily affects  the bac ter ia l  f l o r a  so t ha t  the 
reduction of bil ibubln is markedly interfered with. 
emn ~m-hma MIin1hin- anlv tn d-umbilia, not a t a r c a b i l i n J k h m  devised a new method for 

It i s  desired, furthermore, t 2  study carefully 

1) the clafrn that mesobilirubinogen (Ilrobilin IX, a >  i s  formed i n  the  l i v e r  ra ther  

A moh simplified method of i so la t ing  these 

I t  was previ- 

Resistant a t ra ins  soon grow up which 



easy approach t o  s e r i a l  s tudies  of fibrinogen i n  any given case of l i v e r  disease.  The 
valuable data already obtained reveal a remarkable difference i n  blood fibrinogen con- 
t e n t  i n  cer ta in  cases. 

I V .  Senin Pseudocholinesterase. Further s tudies  of the serum pseudocholinesterase 
i n  l i v e r  disease and i n  nephrosis have convinced the  invest igators  of the  value of t h i s  
determination i n  following any case of d i f fuse  parenchyme1 l i v e r  disease and have shown 
beyond doubt t h a t  i n  nephrotic hypoalbuminemia the value i s  normal o r  frequently ele- 
vated. This work, and Kelly's recent observation here, that there  i s  a heightened rate 
of formation of albumin i n  cases o f  nephrosis, strengthen the  concept now favored that 
the serumweudocholinesterase l eve l  r e f l e c t s  the r a t e  of albumin synthesis i n  the l i ve r .  

V. Studies of the Urinary ComoDorphyri n i n  Liver Disease. A. It has been perplex- 
ing t h a t  the values obtained i n  l i v e r  disease with the new 5 - d .  method appear t o  be 
r e l a t ive ly  lower i n  respect to the  normal range than might be anticipated.  The mean 
normal Yaw with the new method i s  3 times higher than the  mean with the  old method, 
ye t  i n  a ser ies  of cases of l i v e r  disease the r a t i o  appears t o  be c loser  t o  1.5 o r  2.1, 
and there  a re  more ease8 with de f in i t e  evidence of l i v e r  disease showing values within 
the norm1 range. 
The various f ac to r s  a r e  being Studied. 

This i s  unfortunate, and the reason f o r  it has not ye t  been determined. 

B. The method of coproporphyrin isomer analysis  i s  being studied with a view t o  
f inding a simpler and more nearly fool-proof modification. 

C. A simple method has been developed f o r  purifying porphobilinogen so that  on 
heating it does not g i v e r i s e  t o  uroporphyrin. 
negative i n  contradis t inct ion t o  the porphobilinogen, which i s  Ehrlich-positive. 
work revealed t h a t  the generally-held concept that porphobilinogen i s  a precursor of 
uroporphyrin i s  incorrect.  This top ic  has d i rec t  appl icat ion t o  l i v e r  disease, since 
porphobilinogen and la rge  amounts of the color less  and non-fluoresclng uroporphyrin 
precursor a re  present i n  the  ur ine  i n  porphyria hepatica, and it i s  now believed (see 
below) t h a t  i n  t h i s  form of the disease these substances are fabricated i n  the l iver .  

The uroporphyrin precursor is Ehrlich- 
This 

VI. The usefulness and sens i t i v i ty  of the microfluorospectrometer have been 
increasing s teadi ly .  
tense l i g h t  source, and a chamber f o r  cooling i n  an dmosphere of l i qu id  nitrogen the  
t i s sue  or material  t o  be studied. 
and t h i s  study shows t h a t  cooling allows the porphyrin fluorescence t o  persist much 
longer d a r  i l lumination than a t  ordinary temperature. 
i n  re la t ion  t o  the  r e l a t ive ly  l a b i l e  protoporphyrin. The apparatus has been very 
useful  i n  the study of porphyria, i n  which the concentration of porphJrrin i n  the 
t i s sues  i s  high enough t o  permit easy detection even a t  ordinary temperature. 
sed sens i t i v i ty  was required, howewer, f o r  the study of porphyrin fluorescence i n  
normal t i s sues  and i n  diseases other  than prophyria. I t  i s  not yet cer ta in  t o  w h a t  
extent t h i s  w i l l  be feasible ,  but i t  i s  believed t h a t  the apparatus has now reached 
a point of development where this i s  highly probable. 

Pa r t ly  by means of the microfluorospectrometer and p a r t l y  with microanalytical 
methods of other t y p e s ,  work with Dn. Schmid and Schwarts has c l ea r ly  establlbhed 
a basic  c lass i f ica t ion  of porphyria. 
and m y - r i a  hepatica, based on the  s i te  of formt ion .  I n  the  1st type the  norm- 
b l a s t s  of the bone marrow are c l ea r ly  those c e l l s  i n  which pwphprin i s  forming and 
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Developments included a new type of lamp housing for a more in- 

Marked cooling sharpens fluorescence spec t ra l  l ines ,  

This is of spec ia l  importance 

Increa- 

' 

There are 2 main type8, pmphyria erythropoietica 



it is evident that it i s  the nuclei  i n  which this formation i s  greatest .  
types, however, t he  bone marrow i s  normal, and there  i s  no evidence of porphyrin forma- 
t i o n  i n  the m a r r a w  greater  t b n  the normal s l i gh t  amount ( m i n l y  protoporphyrin). The 
l i v e r  i n  these case8 contain6 la rge  amounts of porphyrin. 
form, h o m e r ,  t h i s  i s  present la rge ly  a8 a ohromogen which does not f luoresce and there- 
fore escapee detect ion unless the  l i v e r  is  f b s t  heated. 
porphyria, characterized photosensi t ivi ty  and abdominal o r  n e m u s  mnnifestations, the  
l i v e r  contains ra ther  large amounts of performed porphyrin. T h i s  i s  probably fundamental 
with respeot t o  the presence of photosensi t ivi ty  bfl t h i s  group. The fact  t h a t  i n  the 
cases of porphyria hepatica the  porphyrin i s  excreted i n  the  v ine  as a zinc complex i s  
now taken to ind ica te  t h a t  as it is  formed In the  liver it complexes with hepatic zinc. 
In porphyria erythropoietica,  on the  contrary, the porphyrin i s  excreted i n  the f r e e  
s ta te ,  probably because there  i e  no zinc avai lable  f o r  it t o  complex with i n  the bod 
marrow a t  the time o f  i ts  formation. 

In the  hepatic 

I n  the Intermit tent  acute 

I n  the  mixed form of hepatic 

V I I .  Studies of ExDerimental Liver I n h r x .  

A .  Attemts t o  A d m t  HeDatitis V i r u s  to Laboratory Animals. The influence of a 
yeast  diet on the suscept ib i l i ty  of r a t s  and hamsters to t h i s  v i rus  was investigated. 
inooulation of the  v i rus  was precedql and followed by br ie f  periods of administration of 
ACTH or cortisone t o  enMnna the  liEiHhood of infection; 
attempt t o  infect cortisone-treated monkeys w i t 1  suspected hepa t i t i s  v i rus  was unsuccess- 
ful. I n  a study conducted with Dr. Lewis Thomas, 3 animals were imculated.  

The 

r e su l t s  were negative. An 

Be Dietam HeDa t i c  Necrosis i n  Rats. The study of massive hepat ic  necrosis i n  r a t s  
maintained on yeas tyonta in ing  d i e t s  has been continued.here. 
the development of experimental conditions whereby massive necrosis can be recognized i n  
an incipinnt  stage,  
becomes a very usefu l  t o o l  f o r  the study of postrnecrot ic  scarring and cirrhosis .  
encouraging progress can be reported. 

An i n i t i a l  goal has been 

Once such conditions a re  established and known, d i e t a ry  necrosis 
Verg 

1. Bilirubi- i n  Dietary Necrosi.. Convenient methods a re  avai lable  f o r  t e s t ing  
f o r  the  presence of b i l i rub in  i n  small quant i t ies  of urine. 
necrogenic d i e t s  a r e  tes ted daily, 113 exhibi t  b i l i rub inur ia  a8 a terminal event and 113 
exhibi t  in te rmi t ten t  bilirubinuria p r io r  t o  death. 
the occurence of bi l i rubinuria  i s  correlated with e p i d d e s  of hepatic necrosis. It 
appears, therefore,  that d ie ta ry  necrosie is not always an immediately f a t a l  event. 
Under the current conditions, some animals suffer  an episode of necrosid, recover tempo- 
r a r i l y  and succumb i n  a subsequent episode. All eventually d ie  of a massive necrosis of 
the  l i ve r .  
f a t a l  necrosis i n  a cer ta in  percentage of animals and t o  study f a c t o r s  that influence it. 

When rats maintained on 

Accumulated evidence indicates  that  

It  I s  now possible, however, t o  de tec t  the occurrence of i nc ip l ea t  o r  mn- 



Study 2,) Effect  of Addition of Tocopherol t o  Diet after Beginning of Necrosis (31 

!The present study i M c a t e d  
r a t s ) .  
prevented if tocopherol or cystine i s  included i n  tbs diet .  
t h a t  tocopherol can prevent fu r the r  necrosis even if  it is  added t o  the  d i e t  af ter  an 
episode of necrosis has occurred. 
of necrosis was detected by pos i t ive  urine tests. 
on the day treatment e tar ted but the remaining 13 e e d  170 days. 
in the control group were a l l  dead within ,$I. days. 

It i s  hown from t he  s tudies  of Gyorgy and o thers  t h a t  hepatic necrosis can be 

Tocopherol was given_& 17 rats when the occurrence 
Four animals died of massive necrosis 

The untreated rats 

Study 3*) Effect of Addition of Cystine afbr  Beginning of Necrosis. (25 r a t s )  

11 trea ted  r a t s  (re- 
T h i s  experiment I s  similar to Study No. 2; 
sode of necrosis was detected. 
ceiving 20 mg. of cyst ine per day) have survived more than 100 days. 

cystine was added to  the d i e t  when an epi- 
The study is s t i l l  i n  progress; 

Studv La) Effect  of Aureomcin a f t e r  Beeinning of Necrosis (50 r a t s ) .  This ex- 
periment, which i s  similar to Studies 2 and 3, is  st i l l  in progress. The reeults to d a t e  
c l ea r ly  indicate  that aureomlycin exer t s  a protect ive e f f e c t  whn when added after an epi- 
sode of necrosis has occurred. 

2. Influence of a Ssnthetic Resin (Fbsion, National Dmg Company). This substance 
T h e s b v a l  time of had no influence on the course of d ie ta ry  hepatic necrosis i n  rata.  

the  t reated group (34 r a t s )  was the  same as t h a t  of the control group (34 rats). 

bolism (serum and liver i ron content) with Dr. Robert Howard l s  nearing completion. A 
study re la t ing  t o  the pathogenesis of c i r rhos is  i n  f a t t y  l i v e r  has been s ta r ted .  Speci- 
mens representing various developmental stages have been accumulated by means of biopsy, 
sacr i f ice ,  or death of 80 animals. 
nodules i n  c i r rhos is  have received par t icu lar  a t tent ion.  
are not adequate f o r  t h i s  purpose, techniques involving blood vessel  and bile duct in- 
jec t ion  have been used. Progress ha8 been made in developing procedures necessary f o r  
t h i s  study. 
completed: ( a )  Influence of aureomycin. Wo groups of rats (35 i n  each) were main- 
tained on an 8% casein d ie t ;  20 mg. of aureon@n was added to the d a i l y  r a t ion  offered 
t o  1 group. No s igni f icant  differences between the control and the t rea ted  animals were 
observed. Effect  of subs t i tu t ing  the necrogenic mast diet  after f a t ty  liver o r  
c i r rhos is  is established bs a choline-deficient d ie t .  
maintained on a choline-deficient d i e t  f o r  85 to 138 days; the presence of f a t t y  in- 
f i l t r a t i o n  and c i r rhos i s  was determined by biopsy. "he d a i l y  ra t ion  was then changed 
t o  an 18% yeast d i e t  known to be necrogenic. 

3. Fat ty  Liver and Cirrhosis i n  Rats (Chol ine-def ic iend .  A study of iron meta- 

The formation and behavior of regenerative l i v e r  
Since routine histologic methods 

Rro s tudies  involving f ac to r s  t h a t  might influence fa t ty  c i r rhos i s  have been 

(b) 
I n  this experiments 12 rats were 

Despite i t s  necrogenic quality the yeast  d i e t  contains su f f i c i en t  choline or chaine 
precureoh to cause v i r t u a l l y  a l l  the f a t  to  disappear from the l iver .  
f ibrous trabeculae, when present, remein; the c i r rho t i c  process i n i t i a t e d  by the fa t ty  
i n f i l t r a t i o n  does not progress; 
Finally,  the charac te r i s t ic  necrosis occurs and kills the animal. 
nodules seem j u s t  as susceptible t o  the necrotic process as the o r ig ina l  hepatic tissue. 
AiireomFgcin delays the time of onset j u s t  as i n  instances where the l i v e r  is i n i t i a l l y  
normal. 

The ceroid and 

the regenerative nodules when present remain stationary.  
The regenerative 

4. Lthr Experimental Studies. A histochemical technique su i tab le  f o r  recognizing 
necrosia of indivLilt4 l i v e r  c e l l s  i s  very desirable.  I n  a study carr ied out  with Dr. 
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WIll8rn Btunett, techniques employing tetraeoUum conpounds failed t o  yleld the deslred 
results 0 

An elqperiprental study Oi the prolonged effect of heavy k c m  deposits in the llver 
I s  desirable. By appropriate diets, maasive iran lnfiltraticm can be produced; the lo- 
oaUmtlcn In the uver I s  perlphenrl; i.e. abaut the portal areas rather than the cm- 
t r a l  88 in the case of fatty infil tratlm. A short-term preliminary study (18 rots) of 
a m o d i f i c a t l a n  of the oorn-grlt diet  (Hsgsted, Pinch, rad U e y )  was canpleted. The 
encouraginn reaults warnmt cmt inwt im.  

4 study (dth Dr. boa Cole) on the effects of parenteral a u r e w i n  i n  ra ts  having 
Dr. Cob is now obserdng patient8 with bile  

V.I'Ious degrees of bi l iary  O b 8 t r ~ ~ t i a ~  Duodenal intubation (Cams tube) ie performed 
and ssmpbs of f lu id  mcured. Aureongrcin and braPsulfalein are then given iatravenausly; 
at  intervals, eamples of f lu id  are dthdrawn from the duodenum and tested for  the pms- 
once of billrubin, bransdfalein, and aureomrycin. Such obsemtions should be of partlc- 
O r  value In patients ldth hepatic ccma who reapand favorably to parenteral aureomycin. 

mnal fistula8 gave inconclusive m s l t 8 .  



Project  No. 6-60-09-11 NOT FOR PWLICA?'ION 
Report Date 30 June 1952 

Arm Hepatic and Metabolic Center J 

AT Eledical. Service Graduate School 
!';alter Reed Arp Medical Center 
Washington, D. C. 

BRIET. The objective i s  to  conduct c l in i ca l  s tud ies  on acute and chronic hepa t i t i s .  

BACKGROUND. These invest igat ions were moved from Valley Forge Gsneral Hospital in 
June 1950. 
punch cards so t h a t  correlat ive changes could be quicldy assayed. 

Cl inical ,  laboratory, and biopsy data on about 250 pa t i en t s  were placed on 

ACTH i n  Acute Viral Hepatitis. This study on 31 March 1951 included 22 t rea ted  pat i -  
ents, selected i n  the 1st week of jaundice. Approximately the  1st 12 case8 received ACTH 
i n  1 dose da i ly  subcutaneously for 7-10 days. Various courses M v e  been used i n  a search 
f o r  the best  results without side-effects and without re lapse upon withdrawal. The cur- 2 : 

r e n t  method: 20 mgm. by slow intravenous infusion during each 12-hour period da i ly  for 2 
daye; 
t he  drug i s  discontinued. 
than seen i n  9 controls. 

I 

then 5 mgm. every 6 hours u n t i l  pa t ien t  has a t ta ined  a normal serum bil i rubin,  when 
The las t  5 pat ien ts  have been so t rea ted  with b e t t e r  results 

Aureomcin and Terranwcin Theraw i n  Chronic Liver Disease. Weatment of about 20 8 

cases of chronic h e p a t i t i s  and/or c i r rhos is  of the liver showed that these drugs produce 
a temporary f a t t y  i n f i l t r a t i o n  of the l i v e r  an3 a temporary elevation of BSP re tant ion in 
a s igdficdnt  proportion of cases. Experiments were begun to  see if a s imi la r  change 
could be detected i n  animals. One of the  aureonlycin groups was sacr i f iced a t  30 and the 
las t ,  60 days after the d t a r t  of the experimsnt. Liver sections did not show any convincing 
increase of f a t  i n  the  aureongwin-treated animals compared with controls. 

Liver BioDsies. O f  the  340 biopsies performed 80 far, complications have occurred in 
but 2. I n  collaboration with AFIP, a l l  of the tissue materiale, including special patient-  
and-animal-study, a r e  being stained f o r  alkaline phosphatase, esterase, l ipase,  and desolgr- 
ribonucleic acid. 

A Survey to Determine the Incidence of Hewtitis amone: Korean Casualties who haw 
Received I r rad ia ted  a s Comared with Unirradiated P l a a q .  Since 1 March 1951 this Burvey 
included Valley Forge and Peruy Jonee Haepitel8. O f  400 Korean ca8tWti.e surveyed a t  
lARAH between September 1950 alld June 15, 1951, about 
extensive n o d s  and the  grea t  amunt .of  blood administered, the remaining half were a lso  
followed. 
I n  those who received blood alone the  inoidence of hepa t i f i s  m e  3.6$. 
sente jaupdiced pa t i en t s  o d y .  
reveals that the percentage of pa t i en t s  i n  the 2 groups is unchanged when comparing the 
beginning months of the survey with the f inal  monthei Sin- it i s  not as yet known whether 
t h i s  represents i r r ad ia t ed  or unlrrddiated plasma, the survey will be continued. 

time may def in i t e ly  l a g  i n  i t s  re turn  to noFmal as compared with the  1-stage method of 
Quick. Some pa t i en t s  had normal 1-stage prothrombin times ell through t h e i r  disease and 

had received plasma. Because of 

I n  pa t i en t s  who received plasma plus  blood the inddenoe of hepa t i t i e  was 21.6%. 
*Hopatltie" repre- . 

A month-by-aronth breakdown of the indiidena of hepat i t ie  

CoaRulation Studies (uilot) i n  Acute Hepatitlq . ahowed t h a t  the 2-stage prothrombin 
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a t  the same t ime  had an abnormal 2-stage t e s t .  It  seems i n  hepa t i t i s  an essent ia l  coagulation 
defect may be present which cannot be measured with the 1-stage method. 

To date 330 determinations of the 2-stage prothrombin test have been made i n  147 patients,  
including normals, Korean casualties, and patients w i t h  acute and chronic hepat i t is ,  cirrhosis,  
obstructive jaundice, and miscellaneous diseases. 
measure of l i v e r  function has these advantages: it i s  reasonably 
precise; 2 )  it appears t o  measure 1 single important l i v e r  function; 7 3 it i s  reasonably 
sensit ive i n  acute h a t i t i a  and i n  hepatic d r rhos i s ,  although apparently not successf'ul in 
chronic hepat i t is ;  4 7 it may be of BOW prognostic value i n  cirrhosis. Disadva~rtagee a re  
1) it i s  not specif ic  for primary l i v e r  disease; 
chronic hepatitis and 3) it is too d i f f i c u l t  to standardize and perform i n  a routine fashion. 

The %stage prothrombin determination Pa a 
1) if perfonaed proper 

2 )  it i s  not s ignif icant ly  abnormal i n  

PROGRESS. ACTH Theram in Acute Viral Herati t is ,  To &valuate the use of adrenocortico- 
trophic hormone i n  the treatment of acute v i r a l  hepat i t is ,  patienta i n  the 1st week of jaun- 
dice were divided in to  2 groups and a l te rna te  cases were chosen upon admission. Patient8 of 
the 1st group received ACTH intravenously along nlth 5% glucose and i n  the 2nd, w n t r o l  cases, 
intravenous glucose on ly  was infused. A placsbo i s  added t o  the glucose i n  the control p u p .  
The patienta are a l l  treated r i t h  the same basal regimen of bed rest un t i l  t he i r  serum b i l i -  
rubin reaches normal. 
high calor ic  and high protein diet .  
the  thymol turbidity, the Kunkel gamma globulin, serum proteins and the urine bilirubin. 
a re  then compared i n  the two groups. 

aureowcin was being made. Later, a l te rna te  cases were selected a s  iladicated above. Forty 
cases have been t reated with various mursea of ACTEI; a few received subcutaneous ACTH. 
Later, combinations of aobuutaneous ACTH and intravenous ACTH wembeing used and f i n a l l y  
varging courses of intravenous ACTH only. The present course (ami tha t  believed most effi- 
cacious) consists of 20 mgs per day of ACTH for f i v e  day8 followed 10 1043. per day f o r  
f ive  days and then 6 : ~ g r .  per day u n t i l  the pat ient  attain6 a normal 8ezp. bilirubin. 'phis 
ACTH is administered intravenansly by slow drip. 
re turn to normal of well-being and of l i v e r  function tes ts .  This prolonged and tapering 
course of ACTB seem to result i n  only a mininnaa of aide effects,  especially upon withdrawal 
of the ACTB. 
have had a f a s t e r  subjective response but the return to normal of l i v e r  f inc t lon  teat6 in 
the treated group over the controls mema queetlonable. In the t reated pat ients  mean values 
for the  duration of posit ive liver function t e s t e  d i f f e r  f r o m  the controls by about 1 week. 
These mean values may be daleading,  since the range of values is such that there l e  con- 
siderable overlapping. I n  no test has there been a a t a t i s t i c a l l y  s ignif icant  differenoo. 
On the contrary expeoienar with so-al led "cholangioli t ic hepati t is" eeemed exoeedinglp 
enaouraging. With the i n i t i a t i o n  of ACTH therapy in a l l  such cases there has been d shpsp 
drop f n  the serum b i l i h b i n ,  w h i c h  returned to normal within 10 day6 fa 2 weeks. 

They are then permitted t o  be ambulated. All get  essent ia l ly  the same 
Serial determinations a re  mede of the aerum bilirubin,  

Data 

Thg initial group of treated cases were compared with controls obtained n b n  a study of 

This therapy seems t o  result in a f a s t e r  

There seem to  be littls qnestior but that the pat ients  rho received ACTH 



Patients  with metabolic endocrine problems and a m t e  and chronic l i v e r  disease were 
studlied se r i a l ly  t o  determine what pat tern could be seen i n  the alpha-ketoglutaric and 
p p v i c  acid metabolism d e r  various forms of therapy. 

This project  i s  nearing completion. It  has been found that where there i s  l i v e r  in- 
jury, acute o r  chronic, the alpha-ketoglutaric and p p v i c  acid l eve l s  w i l l  be elevated 
i n  the blood. 
ear ly  r i s e  with a re turn to normal of the keto acids and pyruvate. F’yruvate f e l l  follow- 
ing in s t i t u t ion  of ACTH therapy. 
glutarate  rose and remained elevated. 
was noted a sharp drop i n  the alpha-ketoglutaric acid with the onset of therapy and a rise 
t o  previous leve ls  following i t s  cessation. 
values f o r  these substances indicate the presence of l i v e r  damage. 
being planned i n  connection w i t h  portacaval shunts and carbohydrate loads, and i n  pat ients  
tbtherwise under careful study. 

Pat ients  with acute v i r a l  hepa t i t i s  studied during and a f t e r  i l l nes s  had an 

I n  pat ients  who had portacaval shunts the alpha-keto- 
I n  2 pat ients  who received aureonlJrctn therapy, there 

Conclusions may be drawn that the increased 
murther experiments a re  

Portacaval Shunts i n  Pat ients  with Esophageal Varices. 

pun>ose: To evaluate an end-to-side portavaval shunt i n  the ear ly  treatment of pat ien ts  
with esophageal varices. 

All pat ients  with cir rhosis  o f  the l i v e r  who have or have not b d  f r o m  esophageal var- 
i ce s  are esophagoscoped to determine i f  varicee are  present. 
varices a re  demonstrated, the B t i e n t b  operabi l i ty  i s  studied. 
made as to whether he w i l l  have a portacaval shunt to prevent fur ther  or subsequent bleed- 
ing f r o m  his esophageal varices. 

If s ignif icant  esophageal 
A p u p  decision i s  then 

Eight pat ient8 have now been operated, of whom 7 had an end-to-side portacaval anas- 
One pat ient  expired following sur- tomosis and 1 a spleno-renal end-to-side anastomosis. 

gery, done as an emergency procedure short3y a f t e r  he eturted to bleed from esophageal 
varices. Although the postoperative course i n  a few of the pat ients  was somewhat d i f f i cu l t ,  
a l l  other pat ients  have done well. Experience by this team i n  the study of pat ients  before 
and after shunt has led to the fee l ing  that t h i s  fs a procedure w h i c h  should be used widely 
and especially e a r l i e r  i n  the course of esophageal varices. 
with w h i c h  to compare the longevity of the present group. 
from the frequent follow-up esophagoscopies and t h o  ind i rec t  measurement of the por ta l  
hirculation time that the pat ients  who have end-to-side anastomsea should not rupture 
varices from p o r k 1  hypertension. 

No statistics are available 
It  does seem certain, however, 

Measurement of Blood Citric Acid Levele. 

Purpoe~: To develop a simple, sensi t ive microcolorimetric procedure f o r  the deter- 
mination of c i t r i c  acid i n  blood, urine and tissue f lu ids  which can be used f o r  the 
d i f fe ren t ia t ion  of parenchymatous and obbtructlve jaundice. 

The alkaline-pyridine method has now been established as an accurate and pract ical  
method f o r  the determination of blood c i t r i c  acid. Pentabromacetone is measured i n  a 
reaction mixture of alltallne pyridine which f o r m  an intease red color on heating. The 
red color i e  m e a d  to quant i ta te  the content of c i t r ic  a d d .  
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Tslrenty-four determinations from twenty normal persons have established a normal mean 
value of 15.1 gamma per cc with a range of 8.1 to 18.9 gamma per CC. Eight of 9 pat ients  
with ear ly  acute viral hepatitis have shown elevated values. The exception was receiving 
ACTH. In 12 o f  13 pat ients  studied wi th  convalescent or  chronic hepa t i t i s ,  normal values 
were found. Tnro pa t ien ts  w i t h  cholangioli t ic hepa t i t i s  have been followed, one of whom 
had a pers is tent  elevation of c i t r i c  acid unt i l  ACTH was started.  The c i t r i c  acid then 
promptly fe l l  t o  normal. Eight of 12  patient8 with por t a l  c i r rhosis  were found to have 
elevations of blood c i t r i c  acid roughly proportional t o  the c l i n i c a l  severity. One pat i -  
en t  w i t h  hepatic metastases a d  another with secondary b i l i a r y  cirrhosis  were a l so  posit-  
ive. 
been noted. This test i a  a promising one f o r  evaluating the severi ty  of hepatic disease. 

One pat ient  with obstructive jaundice was found t o  have the lowest value which has 

A Conmarison of the Effects  of Fructose and Glucose on Nitrogen Balance. Tno app- 
roaches were used: 1 )  a careful study under balance conditions on the Metabolic Ward and 
2) empiric infusion of glucose and fructose i n  pa t ien ts  with chronic l i v e r  diseaae han- 
dled on a hospi ta l  ward. In the la t ter  case only gross evidences of change i n  l i v e r  
function w i l l  be noted. One pat ien t  with ci r rhosis  of the l i v e r  has now been studied 
with balance technique on a 48 day program during which he received glucose and fructose. 
Glucose was f i r a t  given f o r  12 days followed by fructose and the cycle repeated. A l l  
carbohydrate was given by mouth. 

he had been receiving, a de f in i t e  weight l o s s  of 5 pounds was noted. 
period of equi l ibrat ion the pa t i en t  remained i n  nitrogen balance. 
evidence that f ructose had any mre beneficial  e f fec t  upon this pat ien t  than did glucose. 
I n  the fructose period there were higher blood l eve l s  of the keto acids and other carbo- 
hydrate intermediates then i n  corresponding periods with glucose. Throughout the en t i r e  
investigation the pat ien t  elowly improved f r o m  his l i v e r  disease. It was not believed, 
however, that the improvement was d i r ec t ly  re la ted to the ingestion of f ructose o r  of 
glucose but to the mere passage of time. Another pa t ien t  was treated with fructose who 
was not on a balance study but who a160 had decompensated l iver  disease. 
improvement followed, but was not dramatic. 
cally related to the fructose ingested. 

Anion Fractionation of Urine, 
by pat ien ts  with acute a d  chronic l i v e r  injury and re la ted  metabolic diseases. 

Since the pa t i en t  havihg the Uiiance study was placed on a lower calor ic  intake than 
Mter the first 

There was no cer ta in  

Here again 
This improvement ‘could not be chronologi- 

To elucidate the handling of cer ta in  e lectrolytes  

By means of a cationic ree in  and d i f f e ren t i a l  precipi ta t ion both vo la t i l e  and non- 
vo la t i l e  organic acids, total anions, phosphate, sulfate and chloride of the blood and 
urine can be measured. 

Data are being accumulated i n  a wide variety of metabolic abnormalities. This 
method is especially useful i n  special  therapeutic regimes l i ke ly  ta r e s u l t  i n  acidosis . * - -  . - -. . . .. A - - - - I A - -  --a _ _ _ _  . -  



Blood l eve l s  of glucose and phosphate a r e  determined by stardard methods. Upon 
standardization of the preparation, constant glucose infusions w i l l  be given and blood 
samples taken a t  interval6 from a per ipheral  a r t e ry  and vein and from the hepatic vein. 
I n  addition, determinations of t h e  blood lac ta te ,  m v a t e ,  c i t r a t e  a d  alpha-ketoglut- 
arate w i l l  be made. 
"he same animl preparations w i l l  then be given en i n su l in  tolerance t e s t .  If the blood 
sugar response t o  insu l in  i s  decreased, the nature of the f ac to r s  responsible w i l l  be 
further sought f o r  by determining " insul in  resistant factors"  i n  the serum the r a t  
diaphragm technique. 

Hepatic blood flow will be measured by the ESP extract ion method. 

Tprentg animals have been studied. One f a c t  seems to be emerging3 namely, the 
carbohydrate intolerance i n  animals with f a t t y  l i v e r  i s  not due to the i m b i l i t y  of the 
l i v e r  to fonn glycogen. 

Production of Hepatic Coma i n  DOPS. 

Purwse: 

The i n i t i a l  goals have been achieved. 

To produce i n  dogs hepatic coma comparable to that men i n  advanced 
hepatic failure i n  humans so as to define the diseese. 

The surgical technique8 employed i n  the 
animals studied differed i n  4 important respects f r o m  those which were prepared by 
Rappaport and Markonitz: a) an end-to-side anastomosis was done i n  these animals in- 
stead of a side-tB.side anastomosi8 of the portal vein and in fe r io r  vena cava; 
pancreaticoduodenal vein was l iga ted  and the thoracic approach to the anastomsia wa8 
used, c)  the d i e t  used 
included mat occasionally, and the in t e rva l  of time between shunt and hepat ic  a r t e ry  
l i ga t ion  was s l i g h t l y  la ter  i n  most case8, and d )  the def in i t ion  of "coma" used by the 
Torontn group was different .  
f r o m  those obtained a t  the Toronto Ins t i t u t e .  These data  proved to be very worthwhile 
desp i te  the f a c t  t h a t  this preparation finally is  not s t r i c t l y  comparable w i t h  hepatic 
coma as seen i n  humans. 
be careful ly  studied for ' appl ica t ion  t o  humen situaliions. 

the 

b) continuous glumse infusions were not consis tent ly  given, 

The r e s u l t s  did not seem to be s igni f icant ly  d i f f e ren t  

Extensive biochemical s tud ies  made are being tabulated a d  w i l l  

Albumin Bindinn of Bromsulfalein . 
Purpose: 

Three approaches were used: 

To evaluate the binding of bromsulfalein by albumin and the conditions 
which affect it qua l i t a t ive ly  i n  disease sta tes .  

2)  increasing BSP concentration and 3) the e f f ec t  of albumin on the BSP spec t ra l  absorp- 
nt ion curve. 

the  e f f ec t s  of: 1 )  increasing albumin concentration, 

Preliminary s tudies  indicate  t h a t  a p p m i i m t e l y  4 mgs of albumin bind 1 mg. of BSP 

I t  has been established t h a t  b o d  BSP is not color less  but gives a much 

I t  i s  the current bel ief  that the decreased binding of ESP 

(a mlecu la r  r a t i o  of 2:l). 
r a t i o  of l r l .  
l e s s  intense color than that which is not bound. Albumin s h i f t s  the spec t ra l  abeorption 
curve and a l so  depresses the maximum density. Attempts will be made t o  quant i ta te  the 
r a t i o  of f r e e  t o  bound BSP. 
i n  jaundiced serum by albumin i s  not due to a defect  i n  the albumin but possibly to 
competing anions which prevent binding of the dye. 

This i s  i n  contrast  to the reported binding w i t h  a molecular 
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Hmatic Vein Catheterization. 

Pumose. To test the e f f ec t  of various pharmaceutical preparations upon hepatic 
blood flow as  determined by hepatic vein catheter izat ion i n  anesthetized dogs. 

A catheter i s  placed i n  the hepat ic  vein and w i t h  a constant infusion of ESP, deter-  
minations of hematocrit and ESP concentrations i n  per ipheral  vessels and i n  hepatic vein, 
a measurement of estimted hepat$ic Blood flow can be made. 

Since it was believed t h a t  the changes of hepatic blood flow seen with histamine and 

Five dogs were given adrenalin, 4 were given histamine and 
The adrenalin h d  l i t t l e  or no e f f ec t  upon estimated hepatic 

There a r e  no other 

norepinephrine were re la ted  to changes i n  spleen volume, hepatic blood flow was studied 
i n  13 splenectomized animals. 
4 were given norepinephrine. 
blood flow i n  the splenectomized dogs. 
produced inconsis tent  changes of hepatic blood flow i n  these animals. 
promising materials avai lable  which might increase the hepatic Blood flow as  a possible 
therapeusis against  shock. 

Histamine produced a decrease and norepinephrine 

In-Vivo Testing of the C i t r i c  Acid Cycle i n  Man and Animals .  

Purpose. To measure &yrivo chan;:es of the c i t r i c  acid cycle uIlder various condi- 
t ions  of loading w i t h  metabolic precursois and internediates.  

Many experiments have now been completed i n  animals where blood, urine, muscle and 
l iver  analyses have been made for components of the c i t r i c  acid cycle a f t e r  infusion of 
2 carbon particles and 4 carbon par t ic les .  Such measurements include succinate, oxalace- 
tate, alpha-ketoglutarate, pyruvate, and lac ta te .  '.%ere ace ta te  and ethanol mere infused 
there  was men an i n i t i a l  drop of blood pyruvic acid and a l a t e  smll rise i n  alpha- 
ketoglutar ic  acid. 
tate reacts w i t h  t i s sue  oxalacetate to y ie ld  c i t r i c  acid which r e s u l t s  i n  a temporary 
lowefing of t i s sue  oxalacetate. 
supply the intermediate needed for oxalacetate, thereby drawing on the blood pyruvic 
acid t o  eupply t i s sue  pyruvic acid. 
was noted i n  30 minutes. Lactate and alanine can be assumed to be converted in to  
pyruvate i n  dogs and used f o r  formation of tissue oxalacetate. 
oxalacetate and pyruvate seems to favor the pyruvic acid. 
therefare,  would lead to a smaller rise i n  t i s sue  oxalacetate. 
l a c t a t e  and alanine have been infused. 
acids  are infused there i s  a marked rise i n  alpha-ketoglutaric and pyruvic ac ids  i n  the 
blood. 
ethanol was infused and samples were taken f r o m  a peripheral  a r t e r a ,  a per ipheral  vein 
and from the hepat ic  vein by means of a catheter. The data obtained a r e  not subject as 
set  to interpretat ion.  It i s  planned t o  repeat t h i s  experiment i n  another pa t i en t  with 

This i s  interpreted to  mean i n  the ace ta te  experiments that the ace- 

The tissue p p v a t e  r eac t s  with carbon dioxide to 

This explains the f a l l  i n  blood pyruvic acid which 

The equilibrium betweon 

"his has been found where 
A l a rge  rise of p p v I c  acid, 

Also where ethyloxalacetate, fumaric, and succinic 

In a s ingle  experiment i n  Bdmman who had c i r rhos is  of the l i v e r  intravenous 



A modified method has been adapted successfully. 'It of fers  a primary advactage 
of r ap id i ty  with which multipls t i t r a t i o n s  can be done without the use of expensive 
automatic equipment. 

I n  2 normals, 3 pa t ien ts  with ear ly  hepa t i t i s  and 1 with clrrhoeis ,  blood phenyl- 
alanine and trypotophane have been followed during a standard glucose tolerance test. In  
the normals a drop of both phenylalanine and tryptophane was noted i n  the blood following 
the sugar administration. One 
diabe t ic  and one pa t i en t  with p i t u i t a r y  dlnsufficiency showed a normal response. 
liver disease t h i s  response was not  noted. FolloDing glucose a d d n l s t r a t i o n  the valuer 
f o r  these amino acids  were higher than i n  the fas t ing  specimens. 
and tryptophane values were measured.in response to  exercise, i n su l in  and adrenalin. 
I n  2 normals and 2 pa t ien ts  convalescing from acute  hepa t i t i s  a standard lO-minute 
exercise period on an adjustable treadmill  was ins t i tu ted .  
i a t e l y  after exercise,  and 20 minutes after exercise, were taken. In  a l l  the normals 
and i n  those with convalescent l i v e r  disease the amino acid l eve l s  rose markedly fo l -  
lowing exercise. After a 30-minute period of r e a t  these values tended to f a l l  t o w a r d  
normal. One-tenth of a u n i t  of insu l in  per k i lo  w a s  given intravenously to 1 normal, 
2 pa t ien ts  with f a t t y  l i v e r  and 1 with p i tu i t a ry  insufficiency. 
a t  10-to 15-minute intervals .  
and tryptophane almost immediately. 
phenylalanine dropped more than did the tryptophane. 
was given intramuscularly to 1 normal, both phenylalanine and tryptophane rose a t  the 
end of 1 C  minutes. These studies  have qreat  fundamental i n t e r e s t  but must be tempor- 
a r i l y  deferred. 

Intravenous Fe% studies  have been carr ied out 
on 5 normals, 8 pa t i en t s  a t  various stages of acute h e p a t i t i s  and 12 with various hema- 
topoie t ic  disturbances. They were designed primarily to study total t ransport  (p lasm)  
i ron  turnover ra tes .  It was ho ed that a clue to the mechanism of the disturbance i n  
i r o n  metabolism (hypersideremia7 could be found. I n  the  various red blood cell  dyscra- 
s i o s  it has been used primarily as  a diagnostic tool. ResuJts obtained i n  a )  normpals, 
b) acute hepa%ktis, and c)  various red blood c e l l  diseases: 

a) 0.35 - 0.45 mgs per  k i l o  per  day of t ransport  i ron  turned over (10 times 
the t o t a l  p lasm iron) .  
tlroyed per  day - 7.0 - 8.0 gms hemoglobin produced and destroyed each day. 

b; 
of tne red c e l l  i ron  (red cell mass) renewed (destroyed?) per  day - 10.0 - 25.0 gms 
hemoglobin produced (destroyed?) each day. 

Phenylalanine tended to  f a l l  more than did tryptophane. 
I n  

Plasma phenylalanine 

Blood samples before, immed- 

Samples were taker 
Insu l in  caused a marked drop i n  phsma phenylalanine 

They remained low throughout the experiment. The 
m e n  0.5 cc of l r l O O  adrenalin 

Iron Metabolism i n  Liver Disease. 

1.G of the red c e l l  i ron  (red cell mass) renewed, and der 

0.5 - 1.5 mgs per  k i l o  per day of t ransport  i ron  turned over. 1.5 - 3.5% 

c )  Rapid turnover r a t e  In various hemolytic anemias - 0.7 - 4.0 mgs per  k i lo  
per day, n o m 1  rate i n  a case of i ron  deficiency anemia.due to chronic blood loss ,  slow 
r a t e  i n  a case oc ap la s t i c  anemia, and a s l igh t ly  increased rate i n  a case of secondary 
polycythemia due t o  an A-V fistula. 

' 

O r a l  radioiron s tudies  have bean completed on 5 normals (3 with repeat  s tudies)  and 
2 pat ien ts  with siderosis  (hemochromatosis) -1nith a repeat study. 
than 3 . 6  of the administered i ron  was absorbed when the i ron  was given as FeC13, whereas, 
i n  a s ingle  case given, the i ron  with ascorbic acid 7.m vias absorbed. 
with s iderosis  21.0 and 45.96 .of the adminiatere? dnsa m?- ~ h ~ n r h L j . .  

I n  the normals less 

I n  the 2 pa t ien ts  
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As to excretion of the o ra l ly  and intrevenously administered radioiron i n  the nor- 
mals, less than 0.01% of the i ron  was excreted i n  the urine and when the i ron  was given 
intravenously, less than 0.2% appeared i n  the stools.  
amount of the inhavenously administered i ron appeared i n  the urine - 0.1 - Om%. I n  acute hepa t i t i s ,  a much l a r g e r  

A new spectrophotometric procedure f o r  the determination of the serum i ron  has been 
worked out  which gives quant i ta t ive recoveries of i ron  from serum and requires  only  one 
m l  of serum. 

The study of i ron  mtabolism i n  l i v e r  disease has established the existence of a 
hypersideremia i n  acute hepatitis, and has shown by the use of intravenously administered 
radioiron the presence of an increased turnover rate of i ron  (increaced red c e l l  pro- 
duction?) . Radioiron btudies i n  2 pa t i en t s  n i t h  s ideros is  (hemochromatosis) revbaled 
a mrked increased absorption of oxidized iron. 
i ron  procedure have l ed  t o  the development of a mre sensi t ive,  reliable, and more 
quant i ta t ive procedure f o r  i t s  determination. 

gave findings not s ign i f icant ly  d i f f e ren t  from those reported. Some dehydroisoandro- 
sterone assays have been done on some and the r e su l t s  seem t o  follow the same pat tern 
a s  the corticosteroids.  

The evaluation skidies  of the serum 

ACTH and Steroid Excretion. A few addi t ional  cases of liver disease given ACTH 

The 1st series of ur ines  obtained on f ron t  l i n e  b o p s  i n  Korea have been analyzed 
but it i s  not pbssible  to properly analyze the data. 
high levels of the formalclehydogenic cor t icosteroids  were obtained i n  the presence of 
a normal o r  low 17-ketosteroid excretion. 

However, i n  sone o f  the cases, 

The method f o r  the determination of the formaldehydogenic cor t icosteroids  has 
been fu r the r  evaluated. 

The l i v e r  disease study has shown evidence t h a t  there i s  no hypoadrenalism i n  
parenchymal l i v e r  disease, t h a t  the 17-ketosteroid excretion is  low, but t h a t  these 
low l eve l s  are pmbably the result of a fallure of the injured l iver t o  convert the 
cortiooateroids to 17-ketosteroids. 

The studies on the pmcedure i n  use f o r  the determination of the formldehydo- 
genic cor t icosteroids  has shown up the many inadequacies of the exis t ing procedures, 
and unless the procedure now under study, o r  a s imilar  one, can be successfully used, 
the en t i r e  method should be dropped f r o m  use. 

analyses on pa t i en t s  a t  W.R.A.H. 
i n  the smll electrophoresis apparatus. 

Electrophoretic Patterns. A very heavy demand has continued for electrophoretic 
In a l l ,  63 sera mere analyzed during a +manth period 

Only those samples involved i n  ser ious re- 



Paper ionophoresis results were checked successfully with standard electrophoresis 
Successful preliminary experiments were conducted on electrophoretic convec- analyses, 

t ion  apparatus. 
difficult separations not possible with the comentional electrophoresis equipment. 

i n  the Intwatdinal Lymph", &. 2. P b s i o l . ,  May, 1952. 

over 10 runs were conducted w i t h  the promise of early application to 
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Envelope Substance of Paeteurel la  p e s t i s  

- BRIEF. The purpoee of this etudy is  t o  determine the charac te r i s t ics  and 

BACgllROUND. The Nature of the  Envelope Subetanoe of Past. pes t i s .  Because 

biologic propertiee neceeeary f o r  spec i f ic  bmmlzing agents. 

of i ts  poten t ia l  value ae  an  immunizing agent, the  capsular subetance of an  avlru- 
l e n t  e t r a ln  of E. peet ie  wae studied. A eimple caeein hydrolysate-yeast medium 
can be used without employing the nut r ien t  agar media previously used. 
obtain good growth and capaule production it ie eeeent ia l  t o  aera te  t h i a  medium. 
best method le provided by a epecially oonstructed machine which ro ta te8  cu l ture  
b o t t l e s  while a etainlees  metal baffle, fixed In each bo t t l e ,  creates  extreme turbu- 
lence i n  the  contained f lu id .  

I n  order t o  
The 

Nonvirulent strains of t h i s  o r p i a m  tend t o  dieaooiate i n t o  noncapeulated 
m i a n t e ;  search 16 underway t o  f ind t h e  cu l tu ra l  conditions that will maintain 
the  organlam In a capeule-producing phaee; eucceae depend6 upon a v a i l a b i l i t y  of 
large amounts of the  capsular antigen. Chemical analyela of the purif ied capsu- 
lar antigen l e  being car r ied  out. Mild hydrolysie with ace t i c  ac id  yields 2 c m  
pmmts, not  en t i r e ly  d ie t ino t .  The a t a b i l i t y  of the  whole antigen t o  heat and 
chemical treatment was unexpected. 

fatal outcome in pneumdnic plague suggests the e f fec t  of some toxlo f rao t ion  or 
fraat iona of the organism. 
achieved, i f  therapy be delayed beyond the l e t  day of dieeaee. 

Pharmaoologically Active Mterials Aesociated with the Plague Baciilue. The 

Death m y  ensue, even when adequate bacter iostaaia  ie 

A t  l eae t  2 to r ine  i so la ted  from avirulent  E. p s t L  are  lethal t o  mice. 
Sonic vibrat ion of the  vhole orgbnicrm, l iving or  dead, with or  without capeule, 
re leaees  a eoluble endotoxin which producee wideepread macular les ions 1 or  2 b y e  
after in jec t ion  i n t o  d o e .  Theae leeione are groeely  similar t o  the  necropsy bind- 
inge of human eeptioemia and pneumonic plague, even t o  t he  extent of a hemrrbagic 
pneumonitie. Qual i ta t ive and quant i ta t ive data (preliminary) Indicate that: 1) C u l -  

- - . .  . . --. 



Ben from Past.  pestle.  
tein, the  question of chemical pu r i ty  i s  d i f f i c u l t  t o  resolve. Important progress 
has been made i n  freeing the  preparations from a l l  but t races  of contaminating nu- 
c l e i c  acids, P content 0.1%. Chromatographic analyses f o r  amino acids  has yielded 
a p p r o a t e  values f o r  some 1 2  amino acids  with confirmatory data on 6 o r  7. 

Since the material hae been c lear ly  ident i f ied  a8 a pro- 

Sedimentation r a t e s  and electrophoretic mobil i t ies  a r e  important characteriz- 
Best preparations t o  date  show only 1 important boundary layer,  in- ing c r i t e r i a .  

dicating homogeneity of pa r t i c l e  s i ze  and good progress in chemical purif icat ion.  
Molecular weight has been only approdmated a t  3,920,000. Electrophoretic mobil- 
ities were also approximated with fu r the r  evtdence for only 1 companent. 

and tKSXfrect of tne nutr- n, mineral, and carbon requirements on pro- 
duction of toxin and growth of the organism. 
used. 
yeast extract .  

The T o x i n  of Avirulent - Past. pestis. E2speriments were begun on the metabolism 

I n i t i a l  studies used a more defined medium containing casamino acids  and 
Certain m r g i n a l  media could not  be 

A t t e m p t s  were made t o  grow the  organism i n  completely synthetic media; re- 
sults have not been consistent, but the  organism will grow. Sodium desoxycholate 
which potent ia tes  t o x i c i t y  was used t o  elrtract the  toxin. Resultsr a )  Equal num- 
bers of c e l l s  grown on media in which the concentration of casamho acids  was var- 
ied do not necessar i ly  contain the sanie amount of t o x h .  Subsequently, it is  not 
the number of organisms per se which w i l l  give a certain amount of toxin, but  fac- 
t o r s  i n  the cu l tura l  envirm-nt. 
increase in t& production. b) Glutamine, previously s h m  t o  increase capsular 
production, but not growth, when added t o  1% C-Y medium, ehmed no e f f e c t  on toxin 
production 

An increase i n  t o t a l  population did show a t o t a l  

Prellndnary tests suggest that an excess amount of Fe, as FeSO4, added t o  C-Y 
medium, s l i g h t l y  inh ib i t s  toxin production but not  growth. 
t r a t ions  of glucose appeared t o  have no e f f ec t  on toxin productim. 
t r a t ions  of glucose w i l l  be established for increased growth. 

However, varying concen- 
Optimal concen- 

Pathogenesis of Experimmtal Plague on Embryonated Eggs. Bnbrycnated eggs 
inoculate d via the  a l l an to i c  suace were used t o  #tub ararrth and toxin Production 
of - Past. p e s t i s  i n  an expe*&l closed system ho&- An avirulent  cui ture  af t he  
SJIB strain i s  in i ts  23rd egg passage. A conqarism between suscep t ib i l i t y  i n  r e l -  
a t ive ly  young and old embryos indioated the infect ion had a higher mortal i ty  i n  the 
younger embryos. There was a mortali ty of 95% a t  35%, 93% a t  37%, and 46% a t  
39% 

To es tab l i sh  *ether death of t he  embryo was due t o  a bacteremia or  toxemia, 
a t e a t  correlated the numbers of bacter ia  with the amount af to& present a t  in te r -  
va ls  in the a l l an to i c  f lu id  of l i v i n g  eggs and of eggs which died. The p la t e  counts 
showed that the bacterial oount i n  eggs which died a f t e r  inject ion increased on the  
2nd and 3rd day of incubation and began t o  decrease on the 4th day. In these eggs, 
t& was found a t  the time of the  highest bacterial counts. Eggs whlch were a l ive  
had no t o h  and showed m c h  loner  counts than did the dead eggs. 

Antigendntibody Reaction and Relationships 

BRIEF. The objective i a  t o  invest igate  the fmdamental pr inciples  governing the -- i n - ~ E e a c t i m  of antigen and antibody. A quant i ta t ive study is t o  be made. 

BlCKGROWD. During preliminary incubation under the conditions of the cauple- 
mnt-f ixat ion procedure, complement i s  subject t o  Yarioue influences besides those 
proceeding from 8n a n t i g e n a t i b c d y  reaction. 
a ted with the test f l u i d s  under examination. 
t i m e  d i f fe red  on the  e f f ec t  of such a common test f l u i d  as human serum. These 
studies attempt t o  reconcile apparent& c d l i c t i n g  evidence, and t o  determine the 

Poss ib ly the  most complex a r e  associ- 
Knowledge has been scanty and o b s e m -  
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I 

-factors i n  t e s t  f l u i d  contributing t o  t h s  com- 
plement-fixation. As a r e s u l t  of s tudies  cerned with the  influence upon C' of pre l im-  
inary incubation with human serum and cerebrospinal f l u i d ,  it was possible t o  demon- 
s t r a t e  the normal coexistence of enhancing and inhibi tory functions i n  these 2 f l u i d s ,  
and %o show t h e i r  influence upon the standardization of the complement-fixation re- 
action. 

complex e f f ec t s  upm hemolysis and 

I 
! 

B 
! 

PBlxiRESs. A t  the Department of Serology it w a s  seen t h a t  the amount of comple- 
ment . f i x e d  -4@1 q p h i l i t i c  serum reacting u i t h  c a r n i o l i p i n  antigen was not  pro- 
portional t o  the amount of react ive serum present. Decreasing quant i t ies  of human 
syph i l i t i c  serurp were tested,  each with varying amounts of antigen and complement. 
After preliminary incubation a t  3 4 O C  f o r  16-18 hours, hemolytic a c t i v i t y  was deter- 
mined by spectrophotometer. 
i l i t i c  serum was not  1 of d i r e c t  proportion, 
t ions of antibody was considerably l e s s  than would be ant ic ipated from the reactions 
with lesser quantities. 

It was apparent t ha t  the re la t ion  of complement t o  syph- 
The C' requirement a t  high concentra- 

Several  explanations were considered. 

A 2nd e f f e c t  of nonantibody serum components was to increase the amount of an t i -  
gen required f o r  a maldmal serum reaction. 
sa l t  solution, &mal reactivity was e l i c i t e d  by antigen d i lu t ions  i n  the range 
l t400 t o  1:800. 
act ions occurred a t  d i lu t ions  Apparently 
t h i s  2nd e f f ec t  might r e s u l t  from the inhibi t ion of complement-fixation ra ther  than 
f rog  separate causes. 
action of the syph i l i t i c  serum f e l l  a t  a considerably lower d i l u t i m  of antibody, and 
the o p t i m l  d i lu t ion  of antiLen would be expected t o  underdo a corresponding de- 
crease. 

When the syph i l i t i c  serum w a s  diluted i n  
~ 

When normal serum was subst i tuted as diluent,  t he  strongest serum re- 
of antigen of the  order 1:200 t o  1:LOO. 

Thus, vhen normal serum served as di luent ,  an end-point re- 

The Immunology Division reported the sedimentation constant of the human serum- 
antihuman serum saturated bi-antigen complex i n  which the antibody was obtained from 
the  horse waa found t o  be 9.7% That of the  bovine serum, antibovine serum bi -an t i -  
gen complex in which the antibody was obtained from the rabbi t ,  vas found t o  be 8.8s. 
Calculatims show that t h i s  difference in sehen ta t ion  constants is compatible with 
the antigen-combining s i t e s  on the horse antibody being on the  same side of the  mole- 
cule and clorre together. Similar calculations made f o r  the  bovine serum albumin cod- 
plex show that the sedimentatim constant i s  compatible with the antigen combining 
sites on t he  rabbi t  antibody being on opposite ends of the molecule, 

The sedimentatim constant of the  egg albumin - anti-egg albumin b i a n t i g e n  com- 
plex in which the antibody w a s  obtained f r an  the rabbi t  was found t o  be 7.8s. This i s  
compatible with the combining groups f o r  antigen being at opposite ends of the mole- 
cule. 



Parenteral  Agents 

BRIXP. The purpose i s  t o  re invest igate  the e f f ec t s  of dose, i n t e r v a l  route, 
and other factors  an immunization with parenteral  agents in order t o  evolve more 
ef fec t ive  means of imnmization. Under consideration is use of a multiale-dose 
high-pressure in jec t ion  apparatus f o r  mss immunization. 

BACKGROUND. Development of High-pressure Multiple-injection Gun f o r  Ad- 
ministering Biologicals. Compressed a i r  and spring types wero eliminated i n  favor 
of hvdraulic Dresswe. b of t h i s  t m e  having been b u i l t  during 1949. A model t e s t -  
ed i; 1950 wa$ sound i n  design but-cer ta in  k c h a n i c a l  fea tures  needed a l t e r ing .  

Bnphasis has been sh i f ted  t o  the assay and evaluation of commercial prod- 
ucts  used by the Services as i m m i z i n g  and t e s t  agents. 
of assay developed under Fundamental Wmnity (6-61-09-19) and Typhoid Fever and 
Asiatic Cholera (6-61-09-01) have been applied t o  routine assays of comerc ia l ly  
prepared heat-phenol and acetone-killed vaccines; 
f o r  the assay of the 5. paratyphi and 5. -e. schottmulleri  components i n  t r i p l e  ty- 
phoid vaccines, both heat-phenol and acetone-killed. 

E3perimental methods 

A method has been developed 

PROGRESS. Using the Automatic High-pressure J e t  In jec t ion  Apparatus, the 
1st successful f i e l d  t r i a l  w a s  completed. 
from 180 t o  230 pounds, 
59 were administered the dosage without d u f i c u l t y .  
t o  penetrate but did on succeeding attempts, 

Spring pressure had been increased 
Of 62 volunteers given standard i ssue  typhoid vaccine, 

In  3 the j e t  f a i l e d  a t  1st 

Assays and Evaluations of Products. Various dosages have been established 
whereby heat-phenol k i l l ed  t r i p l e  typhoid vaccines may be assayed by the mucin 
technique f o r  a b i l i t y  t o  protect  mice against  challenge suspensions of the above 
organisms. From t h e  EDSO'S obtained it generally appears that animals receiving 
t r i p l e  typhoid vaccine and challenged with e i the r  S. paratyphi or  2. schott- 
mfllleri exhibi t  a 2-3 fo ld  grea te r  protective t i t e r :  than do those injected with 
a monovalent vaccine and challenged with i t s  homologous organism. 
developed has been successfully applied t o  comercia1 typhoid vaccine submitted 
for  assay of the S. typhosa component only. 

The method 

Vaccine dOSaGg8 f o r  the assay of acetone-killed vaccines in Cl% mice have 
been established, 
times the "D~o in more resistant AEZS mice. 

have been subjected t o  mouse protection t e s t s .  Certain l o t s  have been examined 
f o r  t h e i r  a b i l i t y  t o  produce V i  mt.ibodies when injected i n t o  rabbi ts .  

Acetone-killed and dr ied organisms of S. typhosa, S. paratyphi, and 2. 
s c h o t t m m e r i  were combined i n  the proporti& of the  pr&er nitrogen content 
in order t o  es tab l i sh  a new reference standard. This vaccine induces a V i a n t i -  
body response i n  rabbi t s  and i s  being subjected t o  repeated mouse protection 
tests t o  determine the n o m 1  range of EDSO values, 

lence-enhancing a c t i v i t y  shaved that a s l i g h t  increase i n  concentration increas- 
ed t h i s  ac t iv i ty .  
t ion become more act ive as the concentration increases. 

The EDSO in a susceptible s t r a i n  of mice (CFU) i s  4 t o  5 

Various experimental l o t s  of acetone-killed monovalent and t r i p l e  vaccines 

Tests t o  determine the e f fec t  of increased concentration of much on viru- 

Also l o t s  of mucin considered nonactive a t  the lawer ccncentra- 

S t ra ins  of mice from new sources were investigated i n  3 search f o r  an auKili- 
/%&e of typhoid-susceptible mice, but no other showed the  same degree as that 

now used; haever ,  assays showing graded responpe could be obtained a t  tl d i f f e r -  
3 18 



ent l e v e l  of protection. , 

To prepare a preserving f l u i d  f o r  blood vessels,  the f l u i d  was broken down i n t o  
component par t s  which could be shipped without re f r igera t ion  and which would not  de- 
t e r io ra t e  u n t i l  the components were mixed a t  time of use. 

Fundamental Immunity 

BRIEF. The purpose is t o  invest igate  the basic mechanism of imrmulity through 
experiments that permit quant i ta t ive in te rpre ta t ion  and s t a t i s t i c a l  evaluation. 

BACKGFURND. Studies of varied imiiunizing doses VS. varied challenge doses i n  
mouse protection t e s t s  of typhoid vaccine showed the former was more e f f i c i e n t  as 
a basis of measurement. Studies on the  e f f e c t  of various k i l l i ng  agents on the  po- 
tency of typhoid vaccine showed merthiolate t o  be superior t o  heat-phenol o r  forn- 
a&. I a t e r  s tudies  showed marked differences in the r e l a t ive  potencies of phenol- 
alcohol or acetone-killed vaccines, depending i n  pa r t  a t  leas t ,  on t e s t ing  methods. 

Glucose u t i l i za t ion  was found e s sen t i a l  f o r  mouse virulence of S. typhosa, but 

bbthods developed primarily f o r  control and evaluation of potency t e s t s  of 
typhoid vaccine, but  applicable t o  potency t e s t s  in general, were examined statist- 
i c a l l y  f o r  evaluation of the influence of such variables as mouse s t r a i n  and sex, 
virulence of orkanism. 
defined. 

not f o r  V i  ant igenici ty .  

Cr i te r ia  f o r  performing reproducible potency assays were 

The r a t e  and spec i f i c i ty  of immune response in mice injected with en te r i c  
vaccines were investigated. S p e c s i c  immunity appeared i n  24 hours and was almost 
maximal a t  2 days i n  mice receiving typhoid vaccine. 
apparent a f te r  in jec t ion  of Shigella f l exne r i  or cholera vaccines. 

routes and schedules was begun. 
on t h e  e f fec t  of pertugsis vaccination on virus infect ions i n  mice. 

No such ea r ly  response was 

A study of the  long-term response of rabbi t s  t o  immunization by various 
Studies were begun (with the Veterinary Division) 

PRCGRSS. 

a) The paratyphoids: 

I Studies on r a t e  and spec i f i c i ty  of the immune response in mice 
were extended along these l ines :  

e i the r  2 or  6 days preceding c h a l l e n s  with the homologous-organism, demonstrated 
high resis tance a t  both intervals .  Mice vaccinated with S. s c h o t t d l l e r i  vaccine 
and challenged 2,3, or  6 days postimmunizaticn with the h&ologous organiem shm- 
ed very s l i g h t  protection a t  2 days, whereas marked resis tance was 

a c e  immunized with monovalent S. paratyphi ncc ine ,  

observed a t  ei- 
*I---- - - c  3--- 



E. c o l i  2, 6, 9 arrd 12 days p r io r  t o  cnallenge with S. t hosa Ty2 suspended i n  
sa lme,  were found t o  possess e s sen t i a l ly  the  same leTe1 + of immunity (EDq-,ls) f o r  - -  .- 
V i  antigen. 

3) Another t e s t  in which the imn.unizing doses were injected v i a  the subcu- 
taneous o r  intravenous route revealed no s igni f icant  protection a t  2 days, some 
a t  4 days, w h i l e  a t  6 days there was no s igni f icant  difference between protection 
by the various routes. 

4) Essent ia l ly  siinilar resu l t s ,  but quant i ta t ively less s igni f icant  ( be- 
cause of l e s s  steep dose-response slope) were had when mice were h u n i z e d  with 
purif ied 0 antigen derived from S. typhosa 0-901 and challenged with S. typhosa 
V 58 i n  mucin. 
18 days, the l eve l  of protection against  challenge was e s s e n t a l y  the same. 
iza t ion  via the subcutaneous route f a i l e d  t o  disclose s ign i f icant  protection p r io r  
t o  4 days a f t e r  inject ion.  

Then the 0 antig<n.was injected T.P. a t  intervals of 1,6, 12, and 
lmmun- 

d)  Reevaluation of cross-protection, using smaller heterologous challenge: 
1) Ifice vaccinated w i t h  the EDSO dose of e i t h e r  typhoid, shigel la  or cholera 

vaccines were challenged with the homologous organisms and multiple LD 0 doses of 

showed no resis tance t o  as low a challenge dose as 5000 g. f l exne r i  3 (1/100 of 
the standard challenge) in 5% mucin suspension. A possible s l i g h t  nonspecific re- 
s is tance was found a t  2 days Kith ~ o o o ! ' V .  conuua, but no resis tance was evident 
with 50,000 V. - COD (standard challenge, V. copp~a - ~00,OOO organisms) 

2)  Mze immunized with Sh. flexneri-vaccine exhibited no protection a- 
gainst  any heterologous challenge a t  leve ls  of 1/10 or  1/100 the standard challenge. 

3) Uith cholera vaccine, evidence of a s l i g h t  nonspecific res is tance was 
a l s o  found against  both 10 and 100 S. typhosa a t  2 day's; a possible nonspecific re- 
s is tance against  5000 Sh. f l exne r i  %s seen a t  2 days. 
6 days with t h i s  challGge, o r  a t  e i t h e r  interval when challenged with 50,000 - Sh. f l exne r i  3. 

the heterologous organisms 2 and 6 days postimmunization. Those given z he former 

However, none was  found a t  

11 Duration and l eve l  of antibody responses 
a )  Groups of rabbits,  e a r l i e r  h u n i z e d  I.V. and subcutaneously with mono- 

valent typhoid vaccines were studied fo  determine 'the rate and l e v e l  of antibody 
$ormation. 
of typhoid vaccine and bled a t  i n t e rva l s  over about 9 mmths. 
ag&&ination t i t e r s  of rabbitx, which had been vaccinated subcutaneously, were 
lower than those of rabbi t s  given LV.doses, but  t i ters of both groupe were can- 
parable 5 days following intravenous booster, remaining e s sen t i a l ly  so f o r  2 
mmths. A t  t he  end of 3 months, agglutination titers a p p r d t e d  the  prebooster 
levels ,  and i n  those surviving were essen t i a l ly  the same 264 days later. Thus the 
"residualm antibody l e v e l  maintained a f t e r  a lung intervalsenaed re la ted  t o  the 
l eve l  a t ta ined  by the e a r l i e r  immunizing inject ions.  A t  t h i s  time, an I .V. boost- 
e r  inoculation of 0.5 m l .  waa given; 7 days later, nH" and "0" agglutination ti- 
t e r s  of a l l  rabbi t s  were essen t i a l ly  equal, approximating the l e v e l  of those 
found a f t e r  the booster doee 9 months previously. 

b) Work on a sa t i s fac tory  method f o r  detenuining antibody nitrogen an these 
typhoid an t i s e ra  continues in order t o  evaluate these results in terms more pre- 
cise than agglutination t i t r a t i o n .  

A l l  r abbi t s  were injected intravenously with a booster dose of 0.5 m l .  
Prebooster 0 and H 

The experiment was tenninated. 

I11 Cellular response of peritmeurn t o  immunizing and infec t ing  inoculations: 
Preliminary work has been dcne cm the  celgular picture  af t he  peritmeal exudate 
in normal and vaccinated mice. 

IV m t i t a t i v e  immunochemistry of plague antigens8 
a) The serologic a c t i v i t y  of the  pur i f ied  %nvelopeR of Past. pestis dis-  

cussed a t  the s t a r t  of this report  was studied i n  the quantltative p m c i p i t i n  test 
using a concentrated horse anti-plague serum from the South African I n s t i t u t e  for 
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%kdical Research. 
incubat im of antigen and antibody for 2 hours a t  37OC, then 5 days a t  4%. The 
prec ip i t in  reaction of t h i s  antigen with horse antiserum was characterized by a 
broad equivalence zone and an extended region of precipi ta t ion i n  excess antigen. 
Supernatant analysis indicated that the antigen was e s sen t i a l ly  homogeneous. 

b) This purif ied antigen and the plague antigen (Fraction UL of Ifeyer) were 
studied in p a r a l l e l  in the quant i ta t ive prec ip i t in  t d s t .  Data comparing these 2 
products reveal the e s sen t i a l  immunologic i d e n t i t y  of these plague antigens pre- 
pared by d i f fe ren t  procedures. 

c )  In studying the a c t i v i t y  of the purFfied "envelope" antigen i n  the hema- 
gglutination test, it was seen that human type llO1t REX t rea ted  with plague ant ieen 
in concentrat ims of l e s s  than 1 w. per  m l .  of lO$ c e l l s  fp i l ed  t o  be agglutinat-  
ed by anti-pla,ae serum. 
containing demonstrable antibody in prec ip i t in  and bac te r i a l  agglutina$ion t e s t s  
f a i l e d  t o  agglutinate antigen-treated MIC. 
avai lable  (concentrated horse s e m i )  caused clear-cut agglutination of the t rea ted  
RBC. 
antigen, o r  that the I'envelope" antigen had very l i t t l e  a c t i v i t y  in t h i s  serologic 
t e s t .  

strain and with purif ied antigen derived from these organisms. 
employed k s  1.9 mg. of organisms and 0.45 mg. of purif ied antigen. 
t i t e r s  (employing viable suspension of - Past. pestis  TJR) ranged from 1 : l O  
1840 f o r  both groups. 
of rabbi t  sera avai lable  precluded fhe quant i ta t ive measurement of antibody n i t ro-  
gen content. 

The opt-1 conditions f o r  precipi ta t ion by this antigen were 

Sera of rabbi t s  insmized  with the  purif ied anti2en and 

h l y  the  most potent plague antiserum 

It was believed that such hemagglutination was due t o  an impurity or  minor 

d) Rabbits were immunized with acetone k i l l ed  and dr ied  Past. pes t i s  TJ'd - 
The t o t a l  dosage 

Agglutinin 
t o  

The r e l a t ive ly  low antibody content and l imited quant i t ies  
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Allergy folloning Vaccination 

BFUEF. Possible a l lergenic  or anaphylactogenic manifestations of vaccines 
are t x b v e s t i g a t e d .  

BACKGROWD. Certain phenomena associated with vaccines prepared from viruses  

Such methods permit removal 

grown on embryonated eggs have been studied. Conclusion: there is a substant ia l  
po ten t ia l  danger i n  using such vaccines in the crude s t a t e .  Several means of p a r t i a l  
p u r i f i c a t i m  of v i r u s  preparations have been devised. 
of from 7< t o  9<% of the host tissue substances. inclurlinu a niimhiw nf niihnt.ancen 



lh no instance has this treatment been suff ic ient  t o  e f f ec t  the complete in- 
act ivat ion of 
promising t o  j u s t i f y  fur ther  investigation. 

the virus  suspensions s t u a e d ,  but r e s u l t s  have been su f f i c i en t ly  

Chemical Composition of the Chick Embryo. The study of nucleotide composit- 
ion has been continued. 
duction of ribonucleic and desoxypentosenucleic acids  in the normal chick embryo. 

This study w i i i  provide data cmcernbg  the r a t e s  of pro- 

A rapid and e f f i c i e n t  process fo r  purif icat ion of nucleotide ex t rac ts  has 
been devised. 
use of a finely-divided neut ra l  adsorbent such as Attaclay SF. 
embryo nucleotides thus purif ied have been examined i n  the ul t racentr i fuge and 
electron microscope. Preliminary data indicate  t h a t  the polynucleotide par t ic les  
are greater  i n  molecular wei;ght than 1 x 106 and have a l d a l  r a t i o s  of 300 t o  700. 

It involves the removal of lovwnolecular-weight impurit ies with the 
Extracts of chick- 

Immunolo~y of the -- Major and Minor Blood Groups 

shoul-d shed l i e h t  ~ i o n  the nlechanism of-red c e l l  agglutination: But they were un- 
able t o  es tab l i sh  absolute values of the reagents involved i n  t h e i r  rsact ions.  
This project  w i l l  apply quant i ta t ive immunochemical techniques t o  the problem. 

In  the routine assay of sera f o r  red c e l l  typing not only i s  the absolute ti- 
t e r  of a given s e m  siknif icant ,  but i t s  “avidity” i s  of paramount importance. 
A \ - i d i t g  r e f e r s  t o  the tendency of c e l l s  t o  clump and i s  measured by the saeed of 
clum?in(; of red c e l l s  when reacted tri t h  a 5erum of a given t i t e r ,  and the s i ze  of 
the clumps., It i s  hoped that more objective and quant i ta t ive measurement of avid- 
i t y  w i l l  be made possible. 

PIIOGRESS. Preliminary t e s t s  were directed toward famil iar izat ion with the  
technique of quant i ta t ive blood counts, recording counts photographically. The 
techniques of the r’rench w r k e r s  mentioned were checked in  regard t o  incubation 
of cell-serum suspensions, shakind, e tc ;  r e s u l t s  were dupucated. An improvement 
was devised; it consisted of shaking during incubation of the cell-serum suspens- 
ion. 
controls without added serum. 

The last ex$erhents  demonstrated a s ign i f icant  drop 5n c e l l  counts i n  the 

Fate of &-Labelled Antigens 

BRIEE. The purpose i s  t o  invest igate  the  biochemical and biophysical forces  
imolved in the  organism’s defenses against  injur ious factors .  

BACKGROUND. Use of c a t e r i a l  proteins label led with C 4  as antigens was d i s -  

Such a medium 
carded because of lack of a workable method f o r  securing a single pure protein.  
heumococcal 2olysaccharides have been i so la ted  Fn antigenic form. 
has been defined. 

PHOORESS. Preparation of Bacillus f r iedlanderi  by 3 different  techniques 
gave products of poor antigenic qual i t ies .  Further work with this organism has 
been abandoned. 
sui table  f o r  growth of the Pneumococcus; 15 liters of this medium have been inoc- 
ulated and harvested t o  allow f o r  polysaccharide i s o h t i a n .  

More recent work resul ted i n  def ini t ion of a synthetic medium 

FUTUiLE.’ Substra s t o  be used: 1) uniformly CQ-labelled d-glucose, 2) 
&-la- C$, 3) C i E  (Methyl)-labelled acetate,  and 4) an hydrolysate of w. 

, phle i  label led with C4. 
3 22 

BRIEF. The objective i s  t o  u t i l i z e  quant i ta t ive hemagglutination techniques 
t o  explore the  energy of binding of isohemagglutinins with t h e i r  homologous red 
ce l l s .  

BACKGHOUND. %cent work by F i l l i t e ,  k rmser  e t  a l .  indicated that it i s  
possible ta secure quant i ta t ive thermodynamic data i n  isohemaealutination which ’ 

-- 
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Radiation and Thermal Burns - 
D r .  Everet t  I. Evans 
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Richmond , Virgin ia  

- BRIEF. This project  was designed t o  inves t iga te ,  separa te ly  and i n  combina- 
t ion ,  t h e  rad ia t ion ,  traumatic,  and thermal types of i n j u r i e s ,  expected to  r e s u l t  
from atomic explosions,  and t o  develop optimum and p r a c t i c a l  mothods of treatment 
with emphasis on handling of mas casua l t ies .  

BACKGROUND. Fluid end Elec t ro ly te  Requireanents i n  Severe Bums. A simple 
formula f o r  intravenous f l u i d  therapy of t h e  burned a d u l t  during the  1st 24 houre 
a f t e r  i n j u r y  wan t r i e d  i n  Richmond hospi ta l  cases  studied. 
burn, t h e  presence of r e s p i r a t o r y  burn, t h e  age of t h e  pa t ien t ,  and t h e  general  
state on admission are t h e  

The extent  of t h e  

ch ief  f a c t o r s  a f f e c t i n g  h i s  recovery. 

I n  burns of mal l  elttent (10-2g)  it was cleen t h a t  t h e  baby or  very young 
ch i ld  s u f f e r s  t u r n  shock e a r l i e r  and more in tense ly  than  an a d u l t  s imi la r ly  burned. 
Conocquently, a l l  babies and ch i ldren  with burns more extensive than 1% of t h e  
body surface a r e  given shock therapy a s  soon as  possibl3. A pat ient  with a res- 
p i ra tory  burn from inha la t ion  of i r r i t a t i n g  gases may o a r l y  show signs of pulmonary 
edema which i t s e l f  can be fatal ,  desp i te  shock therapy. Colloid and s a l t  adminis- 
t r a t i o n  in these cases  i s  r e s t r i c t e d  because they develop pulmonary edema q u i t e  
readi ly  soon a f t e r ,  during, o r  even before  intravenous infusions of large amounts. 
Pat ients  over 50 nuat be examined c a r e f u l l y  f o r  cardiovascular r e n a l  disease,  or  
overloading of hear t  and kidney8 may occur. 
1 o r  2 hours a f t e r  severe burning may be i n  a s t a t e  of moderate t o  severe shock; 
prompt vigorous shock therapy is usual ly  required.  

Pa t ien ts  seen t h e  1st t i m e  more than 

PROGREXS. I. C l i n i c a l  Burns Unit. In t h e  past year,  based upon chsorvation 
of 115 hospi ta l ized  pa t ien ts ,  47 whit e and 6% colored, t h e r e  was a remarkable 
improvement i n  t h e  death r a t e  from severe burning injury.  
is give-2 f a c t o r s  are of paramount importance i n  prognosis: 
and extent  of burn f 5 w ) .  

Provided adequate care  
age (above 50 years) 

Over 4,095 days’ hospi ta l  care ma f’urniehed these  pa t ien ts .  The burnink 
agenta weres fire,  56%; soalds, 265; hot n e t a l e ,  1%; miacel laneoua,  8$. of t h e  
115 admiaaicma there were 19 deatha of 16.5%. The average extent  of body surface 

- -  fin AL- ----J---- AL- a*----- k n r n q + m l  - t a w  -- 39 ,-lava- The 
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- 111. N 1 5  Anemia Studies.  Ut i l iz ing  t h e  d5- tagged  red c e l l  teohnique, t h e r e  
was found a marked reduction i n  henoglobin synthesis  following burninR i n  t h e  dog 
as wel l  a s  a dynamic difference i n  response af ter  burning inj&y. 
produced af ter  burning i n j u r y  appeared t o  have a normal l i f e  span. 
has been completed i n  1 burned p a t i e n t .  
duction were made i n  t h e  burn pa t ien t  for c o r r e l a t i o n  with l i f e  span of newly 
produced c e l l s .  
t o  permit comparison of l i f e  spans of infused c e l l s .  

Those red telia 
Precise  measurements of ster/cobilin pro- 

A s imi la r  study 

Similar  tagged f r e s h  red blood c e l l s  have been infused i n  1 normal 

IV. BacCeriologic Study of t h e  Burn Wound. The burn wunds of 82 p a t i e n t s  
have b G n  cul tured.  The t rends  seem t o  be: 

The loca l  uee of a n t i b i o t i c s ,  while reduoing t h e  inoidence of o v e r a l l  infeo- 
t i o n ,  may simultaneously induce t h e  development of r e s i s t a n t  bac te r ia .  

Despite adequate a n t i b i o t i c  therapy, cross- infect ion of t h e  burn wound i s  
becoming increasincly ser ious  when a c e n t r a l  dressing s t a t i o n  i s  employed. 

Preliminary data i n d i c a t e  t h a t  t h e  present ly  ava i lab le  a n t i b i o t i c s ,  although 
they seem t o  diminish t h e  sever i ty  of invasive infec t ion ,  w i l l  by no meane solve 
t h e  problem of burn wound infec t ion .  

V. The S t r e s s  Response i n  Severe Burns vras studied i n  2 1  severely burnod 
patienTs. 
The quant i ta t ive  eosinophi l  counts r e f l e c t  q u i t e  wll  t h e  adrenocort ical  funct ion 
of tho  burn pa t ien t .  
longest i n  1arp;e burns, l e a s t  i n  small burns; t h e  s t r e s s  response varies with t h e  
sever i ty  of t h e  bums.  Q u a n t i t a t i v e  balance s tudies  of ur inary cor t ico ids ,  n i t r o -  
gen, Na, K ,  and water i n  these  p a t i e n t 0  confirnod t h i s  conclusion. 
o o r t i c a l  response t o  thermal i n j u r y  may be conceived as a s o r t  of massive i n t e r n a l  
i n f l a m t o r y  reac t ion .  
confirmad t h i s  conclusion and supported t h e  contention t h a t  DOCA-like compound8 may 
be released a f t e r  thermal in jury .  C l i n i c a l  t r i a l s  of ACTH and cor t i sone  i n  t h e  
shock phase of severely burned pa t ien ts  d i d  not p r d s e  m c h  gain i n  survival  i n  
such pa t ien ts .  Pseudodiabetes, s imi la r  t o  t h a t  found in Ciishing's disease,  was 
discovered i n  severely burned pa t ien ts  who had been on a high carbohydrate, high 
c a l o r i c  intake soon a f t e r  burning injury.  
t h e  carbohydrate levo1 of intake has beon reduced. 

A f u l l - s c a l e  adrenocort ical  s tudy was made on each wer t h e  l e t  10 days. 

The depression of t h e  eoeinophil  count was greatest and 

The adreno- 

The adminis t ra t ion of ACTH and Compound F f o  normabbburneb  

I t  has not  been found so connnonly s ince 

V I .  :Jutri t ion i n  Burns. 1 )  Studies of the  P l n s m  Ultrafiltrate i n  humsd 
rats indicated a )  an increase i; the t a u r i n e  f r a c t i o n ,  b)  a large amino ac id  o m -  
jugate  increase,  and c )  a large increase i n  h i s t i d i n e  or h i s t i d i n e - l i k e  compound. 
Of grea tes t  importance i s  t h e  condugate amino a c i d  f r a c t i o n  which on hydrolysis 
y i e l d s  glycine i n  g r e a t e s t  amounts. 

2 )  Intravenous Fat Emulsions were employed i n  t o o  few caeei  t o  warrant any -- --- - - - 
d e f i n i t e  conclusions. 

3) N u t r i t i o n a l  Requirements of Burned Pa t ien ts .  F i f t y  burned pa t ien ts  have --- - _  ------ 
been s tudied netabol izal ly .  
burned a d u l t s  appeared much higher than  those of normals, it i s  s t i l l  not  knuumhow 
much higher.  
emulsions were t h e  chief  source of c a l o r i e s  i n  40 of these  pa t ien ts .  

Although t h e  d i e t a r y  requirements of t h e  severely 

The d i e t s  have consis ted almost e n t i r e l y  of l i q u i d  feedings; f a t  
It ha8 been 

3 74 

i 



NOT FOR ? E L I C A T I O N  

found possible  t o  give f a t  a t  high l e v e l s  t o  t h e  severely burned pat ient .  The 
n u t r i t i o n a l  requirements of t h e  burned ch i ld  appear b e t t e r  known from t h i s  study. 

showed-thrplanned a c t i v e  bed exercise  f o r  t h e  injured limbs reduces grea t ly  the 
nit rogen lose i n  thd trciumatized individual .  Tota l  body weight loss  i n  t h e  exercise  
group was considerably l e s s  than t h a t  i n  the  cont ro l  group. 

4)  The Influence of Exercise on the  Injured P a t i e n t .  These metabolic s tud ies  

V I I .  Experimental Burns i n  lhirlals. Extensive s tudies  w e r e  mde on combined 
thermai-&d rad ia t ion  iiijury i n  dogs i n  an attempt t o  simulate t h e  i n j u r i e s  t h a t  
might be i n f l i c t e d  by an atomic bonb explosion i n  t h e  6,000 t o  7,000-foot zone. 
Dogs were given t h e  standard 2o"j! contact  burn j.n$xy complicated by t h e  addi t ion 
of l O O r  ex te rna l  body radiat ion.  This small amount of ex terna l  body rad ia t ion  re- 
su l ted  i n  mor ta l i ty  of 7s RS contrasted t o  a mor ta l i ty  of 1% when t h e  burn alone 
was i n f l i c t e d .  A l l  dogs t h a t  died as a r e s u l t  of tho combined i n j u r y  had a blood 
stream infect ion of -- beta  hemolytic Streptococcus, type G and L. When t h i s  same 
experiment of combined i n j u r y  w n ~  c a r r i e d  out, eXcelJt that the animfila were t r e a t e d  
with p e n i c i l l i n ,  t h e  m o r t a l i t y  dropped t o  around 18$, and no animal developed a 
blood stream i n f e c t i o n  of b e t a  _I_ hemolytic Streptococcus. 

REFEFWICES. D r .  Evans and hia  co-workers published these  r e p o r t s $  - -- - - -- 
"The Early Management of t h e  Severely h r n c d  Patient",  %_., =e dc %., 9 9 s  

273-282, b r c h  1952. 

"Fluid and Elec t ro ly te  Requlrments in  Severe Rurne", Ann. of Surg., 135:6, 804. 

"Atomic Burn Injury", Medical Aspects of C i v i l  Defense, Council on National 

- -- - -  - 

Emergency tiodical Sorvice, AH&, Chi<-ago, Ill. , June 1952. 

"A Standard Contict  Burn', S-F&., s. 6: -- Ob., - 93: 543-554, November 19551. 

"Nutr i t ional  Problems of Pa t ien ts  with Burns" , Nutr i t ion  Rev., 92257-260, --- - 
Septenber 1951. 



Project HO 6-59-12-21 
Contract No. (Navy Contraot) 

NCXC FOR PUBLICATION 
Report Date 30 June 1952 

Therm1 Burns 

Dr, Oliver Cope 
b e e .  Con. Hospital 
Boeton, Maas. 

- BRIEF. The obJective is t o  etudy the local burn and its exudate In order t o  
determine the h e i c  der-mente and t o  develop local therapy. 
grafte a0 a termporary life-eaving measure are  t o  be inveetigated and metabolio etudiee, 
wing radioactive tracere a r e  t o  be =de. 

Hcanologoue skin 

BACW3RcRJND. 
1950. The Offioe of Naval Roeerroh reporte unbr “Intracellular Changes in Trauma 
Depletion and Repair”. 

than petrolatum. 

E. The eurviml of harmografte in guinea pige and young hogs wae not length- 
ened by the uae of aortleone o r  ACTH. No evidenoe wae found thatSACTH diminlahod the 
need for  plremr oolloid, eleotrolyte, and water therapy of the burned patient In the 
initial 36 houre. Burne treated with ACTH developed measurable edema and blebe of 
the 
patiente. 
ah1 tumora, who volunteered for controlled erperlmental burna, developed the aame edema 
end blabbing a8 did norm1 volunteere. No differerne i n  edem or  blebbing wne men be- 
tween ACTH-treated and nontreated menibere of paire of young hoge given oontrolled burne. 

F’unda for  this oooperative etudy were given the Navy i n  Septeniber 

Ointmente for  I)reeein@.were studied. Carbowax h e  a more returding influenoe 

extent, duration, and protein oonaentratlon ae ooslparable wounde In untreated 
Patlente with aative Cuehing’s dieeaee due t o  hyperhot ioning adrenal oorti- 

U s i n g  the Drinker dog-foot l p p h  preparation, ACTH did not influenoe edama form- 
ation, or rlee In flow e d  protein cmoentration of lymph. 

PROCRESS. Between 1 Jrnuary 1951 and 15 b y  1952, 151 burned patiente were cared 
for. 

I. The Wound. - 
Two oconpleted project0 explored the uee of haanografte In treating of full-thiakneee 

burn wounde. 
W&d yet devieed. 

H O m g r r f t 8  offered the moat phyeiologic &baaing for a full-thiokneee burn 
The eurvlvol of homografte proved unpredictable; no mom61 were found 



internal administration. 

11. Shock - Fluid Therapg. - -  

I. 

Effect of Adrenal Hormones on Capillary Permeability and the Need for  Fluid 
Therapy. The claim that ACTH glven t o  the patient would diminish the need for  f lu id  
In  the ehock phase has been exteneively investigated and no eubetanoe t o  the o l a l m  
h e  been found. Apparently it wae baaed on a mieinterpre&Athc,of..m effect  of ACTH 
on the infeotioue Inflemmtion whioh appeare as a l a t e r  phaee of the burn wound. 
Fludd i e  needed In the early ehock phaee of the burn peoauee the c a p i l l a r i e ~ g e d  
by heat leak p h m 8  f lu id  in exceeeive quantitiee, the f lu id  puddling i n  the burn 
wound a8 edeme. Blood volume f a i l e  and dehydration of the r a e t  of the body ocoure 
if  f lu id  ie not prmptly administered intrrvenouely. With the paeaage of time and 
the growth of baoteria i n  the wound thie phaee of oapillary dambge due t o  the heat 
paseee into one of infectioue InflarmPation whloh m y  aleo be aeeoclated with ab- 
n d  oapillary leakage. T h i s  infeotioue phaee l e  not significant i n  f l u i d  ther- 
apy u n t i l  2 or more days have paeeed, the time depending upon t h e  infooting organ- 
i 0 D l .  

Wee of Radioactive C h r d u m  i n  the Meaeurament of the Circulating Red Cell - Mpee. Thio method of tagging red oelle offer8 the beet method thue far found. 
The ohroanate ion forme a flrm bond with the red o e l l  without destroying it. The 
bond l e  formed within a half hour. 
If the red 0011 ie hamolyzed by a bum, it etlcke t o  the  globin In the plaema. 
The ooncentration of ohromium i n  the plaema o m  thue be uead aa a moaeuro of 
hemolyeie following a burn in an animal InJeoted with chromium-tagged red celle 
prior t o  burning. 
method. 

The chromium attaohee i t e e l f  t o  the globin. 

T h i s  method eeem muoh better t h n  the radhaotive phoephorue 

Experiment8 have been done on dogs. A burn of 5 6  of the body eurface i n  
water of 85 - goo C for  30 eeoonde hermolyzee an average of 10% of the red oelle. 
b e e  movere burne hemolyze fewer oelle, more eevere, deeper burne a greater number. 
The peroent of oelle hemolyzed bra been ohecked by giving a 2nd InJeotion of ohro- 
miumitrgged cella.  The differenoe i n  volume between the l e t  and 2nd ohranlum vol- 
ume ehould aleo equal the volume of red cel le  destroyed. 
between the 2 determlnatione of red cel le  hemolyzed. 

There i e  good correlation 

Thia method waa aleo used t o  moaeuro the red c e l l  mea i n  pntiente. The volumee 
found i n  well patients believed t o  have a n o m 1  red 0011 ma88 amee with the radio- 
active-ibon-tagged c e l l  method. 
minor loeeee of red 0011s due t o  the burn were found. 

In the only 2 eeverely burned patient8 men only 

It wae the initial Impreeelon that the proportion of the red oellmaee destroyed 
by the average burn was not therapeutioal ly~ei~lf lcant .  Wholo blood therapy l e  not 
-tory i n  the lnltial hour6 unleee the burn l e  truly a deep, cooking, extonaive 
burn. T h i s  eituation ehould be dietinguiehed from the later need t o  Mke good the 
proep.eeeive anemia. M&?e euch obeemtione are  needed. 

Blood Vleooelty In the Cri t ical  Evaluation of Whole Blood.Theraz:. A etudy 
here of the vieooeity of both the whole blood and of the  plaems following a burn 
and i t 8  relation t o  a riming henatoorit ( in  the dog and in the burned patient) ehow- 
ed that the vieooeity aleo parallels the h a t o o r i t  i n  burne. The r i e e  i n  vieooelty 
ehopld be aeeoolated with elowing of the oiroulation i n  the undlrmned t i e e w e  and 
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organa, with reduction in the  nut r i t ion .  
resu l t ing  frcm viscous blood can be o f f s e t  by t h e  Inoreased oxygen-carrying 
capacity'of t h i e  blood with i t a  greater hemetoorit raraim t o  be eeen. 

How far the  diminished oxygenization 

The Ob130r~tIOnf3 t h e  far showed t h a t  f l o w  of the  more viscous blood t o  
the bra in  i s  reduoed, but  with the  increased oxygen-carryingccapacity t h e  oxygen 
ooneumptionof t h e  brain remains close t o  normal. 
d r a w  a l l  the  orygen frcau t h e  blood with greater  than normal hematocrit, t he  d i s -  
advantage due t o  diminished blood f l a w  l e  of f se t .  
are t r i c e  and continued invest igat ion is indicated. 

As long ae  the  brain can with- 

These erperlmente In  blood f l o w  

Edema Volume and Need f o r  Fluid Therapy - Radioactive Sodium Vereus Thio- 
cyanate in the  Measurement of Extracel lular  Space, Under normal conditions the 
thiocyanate and radioactive sodium volumes are almost ident ical .  ObserVatiOn13 
here Indicate t h 8 t  under acute  e t rese ,  such as burn6 and perforated ulcera,  the 
2 volumes depart widely A.am each other,  t he  sodium being considerably larger .  
During widesprsactinflenm3tion in the  l a t e r  phases, 2 spaces m e  reversed. Study 
of these 2 apace6 may y ie ld  important data regarding the paeeage of cer ta in  ions 
through o e l l  membranee. 

Re-evaluation of Formulas f o r  Fluid Therapy. Workere here are recalculat ing 
experience with er tensively burned pa t ien ts  t o  see how fodr formulad now I n  uee i n  
burn therapy stack up. 

111. Metabolim 

Ten s e v e r e 4  burned and 3 moderately burned pat iente  were observed from t he  
The metabolic rate of 6 pa t ien ts  time of injury through healing of t h e i r  womb. 

without burn6 who were undergoing major surg ica l  prooeduree were observed. 

Following extensive thermal traum the  metabolic r a t e  l e  elevated, plus 30 
t o  plus  60, f o r  as long as 2 monthe; it gradually recedes t o  normal as the  wounde 
heal. 

I n  clrcumeoribed burne Involving but 15 - 2@ of the body surfaces,  t he  
metabolic rate I s  normal or only s l igh t ly  elevated. 

In The pattents undergolng.major eurgical  procedures the  metabolic rate 
roe8 slim f o r  t h e  l e t  d a y s  after operation. The basal metabolic rate of the 
nbn-burred volunteer war not ei@fioantkv altered by a high protein diet .  

traoer dose of 1131 were mea8ured in 7 patiente.  
The protein-bound iodine of the  blood serum and the  thyroid uptake of a 

The measurements, specif ic  



Acute Bone Decalcification and Calcium Polsonlw? of the Kldneye. It l e  
believed that in  1 burned youth studied, hie 6-months irrmbobllizatlon plue the 
high caloium intake of the milk diet  had induoed theee ocunplicatlona - oonvul- 
sion, impSirment of renal function, with slbuminurla and elevated NPN. 
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Project No: 6-59-12-22 NUl' FOR PUBLICATION 
Report Date 30 June 1952 

Tramtic Surgery and Shock 

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

BRIEF. The purposes m e :  to study the mechanism, phyeiologic effects, and 
control of hemorrhagic and traumatic shock, and to develop practical and Improved 
surgical and chemotherapeutic methods for handling such patients. 

BACKGROUND. Liver FUnction during and Following Anesthesia and Surgery. To 
determine the effects of various anesthesias, duration of anesthesia, and surgery 
upon liver function, patients are selected from the operation schedule. 
are taken preoperatively, after induction of anesthesia, and at intervals following 
surgery. A panel of liver function tests are perforraed;and eetimations are  made of 
the blood keto acids by means of paper chromatography and plasma prothrombin by 8 2- 
stage method in a few surglcal patients. 
major thoracio and abdominal procedures. 
surgery. 
operative trauma or anesthetic agents in otherwise normal individuals. 
hand, in patients with chronic hepatic disease undergoing erten 
seamed to be a marked response to the trauma of surgery andyB'&'& the liver 
funation tests measured. Although extensive, these changes were not permanent and 
values returned to their previous (or improved) levels within 2 weeks. 

Blood samples 

The 25 patients studid included 10 v i t h  
In none was there liver dieease prior to 

There waa no obvious influence upon the l iver funation t e s t a  exerted by 

ve surgery there 
On the other- 

The Use of the Artificial ZUdney in Metabolic Problams. One patient with an 
hepatorenal syndrome was dialyzed for 2 hours. Then it was necessary t o  stop be- 
came of gastrointestinal hemorrbge. Definite chemlcal benefit was obtained. A 
2nd patient, telrminal with a fulminant hepatitis, developed anuria and severe potass- 
ium Intoxication with intermittent gastrointestinal bleeding. 
electrooardlographo Improvement reeulted, he expired from his primary illness. 

Although chemical and 

One patient, dialyzed twice for potassium intoxication arising from acute anuria, 
responded well but expired with pulmonary edena after 23 days of anuria. 
lieved that with prolonged anuria of this type irreversible tissue changes take place 
which are not affeoted by dialysls therapy. 
following a tranefusion reaotion MS dialyzed because of potaeeium Intoxication. 
developed a apontaneoua diuresis and nnde an uneventful recovery. 
ing with chronlo uremia wan dialyzed with the usual ohemlaal ohangee being effected 

It is be- 

Another patient who developed muria 
He 

A patient euffer- 
- - - - - - - J -  --------A u- --+4.....-a +h- an-hi l l  n n r l r r m a  rnn- 



tho  phema and blood volumee, the amount of c i rcu la t ing  plaema albumin and 
globulin, and the  e f fec te  of closure of t h e  f i s t u l a  on these measurements. 
Studies have been made of the k ine t ics  of mixing of T-1824 and 1131-slbwnin 
w i t h  the  c i roulat ing blood, the possible diseociation of the t e s t  mater ia l  
f r a m  Its protoin-bond, and its poseible loes  i n t o  the  lung duri 
paeeage. The latter pose ib i l i ty  h a  a l so  been etudied with *a2? The a r t e r i a l  
dye-Injection uurve was canpleted i n  7 pro-operative f i e tu l ae ,  8 postoperative 
f$stuilas, 11 controls,  and 3 eubjects before and a f t e r  manual occlueion of the  
f i s t u l a  . 

its 1st 

Experimental Shock. The v01umis~ of d is t r ibu t ion  of T-1824, Na24; and D20 

Although unexplained, there l e  evidenoe that d i f fe ren t  vascular reapornee 

are under study i n  dogs before and during experimental hemorrhagio shock. 

result fram spec i f ic  kinds of shock-producing in jur ies .  
niques were perfected f o r  study of these factors :  

pressures, cardiac output, and o i rouh to ry  competence; 2) cardiogenio fac tors ,  in- 
cludlng hear t  rate, ooronary mnOX18,  orrdiac etimulstion, the  s t rength and possibly 
the  rate of o8rdIac ejection; 3) venous re turn  from the  upper and lower par te  of the 
body; 4) peripheral  r ee i s tmce ,  inoluding measurements of " total"  and regional  vaeo- 
motor tone as w e l l  ae r eao t iv l ty  t o  ar terenol ;  5) measuremonte of t he  e ize  of the  
e f fec t ive ly  eupplled vaecular bed (T-1824) ; 6) the  effectiveness of oxygen t ransport  
i n  r e l a t ion  t o  dsrmnd8 of the body; m d  7)  t e e t s  of eymprthetic m d  pnrasympathetio 

Instrumentation and tech- 

1) t o t a l  body hemodynunlcs, which include8 oent ra l  and peripheral  arterial 

8CtiYity. 

Doeign of a Flame-Photometer wae perfeotod. 

Tho r o l e  of baoterial infootion i n  ehook woe l e t  etudieh i n  blood oulturee 
from dog6 w i t h  and without portroavrl  ehunts subjeoted t o  hsanorrhagic bypotenelon. 
B u t a r i a  were oultured ouoasiorully, but  not coneietently. 

1) Guinea pigs have been inoculated v l t h  oolifonn bac ter ia  and their toxlne 
and with ex t rac ts  of dog f e m e  and then challenged with the  same antigen a f t a r  4 
weeke. 
and ohallengod with emio-k i l led  Gram-negative baoter ia  . 
eekore bat. s@ethl i l l e r g i c  manifestations. 
by I n J e c t h g  mice with plaamr from doge in vnrioue etagee of hamorrhgio ehook. 
toxic  effeote  were Been. 

It h e  been poseible t o  induoe uuphylaot io  ehook i n  guinea plge eoneltized 
Several othere developed 

2) ~ o u s e  tox io i ty  s tud ies  were done 
No 

Doge subjected t o  hemorrhagic hypotension h v e  boon treated with the reinfueion 
of ehed blood by e i thor  arterial or  vmoue tranefueion. Reeulte in this -11 eeriee 
fail  t o  indicate  euperior i ty  of arterial t rmefus ion  exoept when the heartbeat h e  
c r e e d .  Under thoee olroumetrnoes a r t s r i a l t r u r e f u e i o n  ha8 been euooeeeful i n  re- 
suec i ta t ing  more -le than the vmoue route  of t ramfusion.  

The Snrgical  Reeorrch Laboratory looated In WRAH ie doing umlyeee of acid- 
baeo and f l u i d  md oleotrolyte  balanoe problems. 

Surgloal Reeearch Team i n  Korea. Studiee on water balanoe with D20 have begun; 
adrenal s te ro id  exoretion, e leo t ro ly te  balances, and dehydration etudlea ere  under way. 
The team aoquired an a r t i f i c i a l  kidney f o r  t r ia1;plaet io  blood traneFueion 
being evaluated. 

are 
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PR-S. The Role of Baoterial Infection in Shook. The role of Bndogenoue 
baoterial infeotion in ehock l e  being studied. 
to baoterial toxine in ehock and oontrol etatee has been etudied by meane of a 
known bacterial toxin ae a traoer in 15 pairs of doge. 
put into ehook and the other eomea ae a oontrol. 
into the gaetro-lnteetinal traot and the hourly blood eamples have been aeeayed for 
toxin content by mane of mouse toxicity. Preliminary reaulte Indicate that there 
I s  a greater level of thie toxin in the blood ae a result of ehock than in oontrol 
doge . 

The permeability of the inteetine 

Of each pair one dog is 
Bdtulim toxin hae been inetilled 

Arterial and Venous Blood Tranefueian in Shock, Cinsroentgenograme were made 
at the Army Medical Reeearch Iaboratory, Fort &OX, ISy., on the fate of diodraet 
given arterially and venouely in rabbite In shock. 
satiefactory it eerved in developing a teaching technique. 

While this product l e  far from 

Fluid and Electrolyte Changes Aeeociated with Trauma. The Surgical Research 
Iaboratory at WRAH l e  continuing to do analyeee of aoid-baee and fluid and electro- - 
lyte probiema in the hoepital. 
iologioal problame for WRAH. 

It l e  servi& ae a focal.point for analyeie of phye- 

Experimental Shook and Ciroulatory Mechpniams and Fluid and Electrolyte Changes. 
The Ualoott teohnique, whiph moat oloeely reesrmblee unoontrolled ehock due to hemor- 
rhage in  man, hae been ueed in animala anesthetized with nembutal. 
autopey are identical to thoee found In other type of experimental hemorrhagic ehock. 
The over-all phyelologlc pattern Includes : 1) cardia0 and respiratory acceleration, 
2) deoline of arterial preeeure, 3)  coronary anoxia, 4) hyperthermia, 5) alterations 
of pules contour, all eventuating i n  reepiratory failure. The deoline of preeeure ie 
not countered by signifloant llnib vasoconetriotion. 
The oirculatory oollapee wourrlng i e  not due t o  a body-wide lose of seneitlvity to 
preseor agente nob to baoterial prooeaees. 
ceptibllity and clroulatory reeponse. 

Findinge at gross 

Nonetheleee flow is diverted away. 

There i e  a vide r w e  of Individual eue- 

Mearuremente of blood volume, of fluid, protein and 0011 mbilization and loas, 
and of permeability of the vasoular ocnaprtment h v e  been found in coneiderable error. 
Ekperlmente have shown them oomenhtions a r e  profoundly influemed by volume m d  
distribution of blood flov, feotors unquestlonnbly altered In shock, but oompletely 
negleoted prevk6nUy. 
a r e  appllonble to all typee of shook. 

New meaeuramanta of thee fbnctions have been developed which 

Therapy of oiroulatorg oollapse in shock by vasopressor drugrr m y  augnn3nt the 
deletarioue effeats of reduoed renal blood flow. 
norepinephrine, are  being etudied in norm01 doge. 
Inorease of flaw at low doawe, a decrease at high levela by both druge. In genernl 

!No auoh agents, epinephrine and 
Inoauplete reeulte indicate an 
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T-1824 when administered eimultaneouely. 

A caee of renal tubular acidoeie with nephrocalcinosie i r J  under etudy; the 
condition has been shown for the first time to be familial. 

Biochemistry of Connective Tieeuee. This project wae initiated several years 
ago to obtain fundamental bioohamlcal data relative to rheumatic fever and to normal 
as well a e  other pathologic etatea of connective tiseue. More than 20 publications 
include: the- preparation and purification of hyaluronidase and hyaluronic acid; an- 
alytical methods for byaluronldaee and 8 6 m  ant1-hy8luronldaaa; kinetics of the en- 
zyme reaction; the dependence of serum anti-hyaluronldaee on m, its relation to 
ecurvy in guinea pigs, ite relation to rhaumatic fever, and the effect of salicylates 
-- in vitro; the effect on capillary permeability; the effeot of rhtiln end anti-hlataminics; 
and the collagen content of some connective tissuee. 

The best combination of published technique8 for preparing hyaluronic acid from 
Analytical umbilical cords ha0 been incorporated into a simple, reproducible method. 

data show a high degree of ohemical purity aa well ae high viecoeitiee, indicating 
limited degradatlon of the polymer. 

P l a s m  Pulmonary Clearance During the Firet Circulation. The Stewart Principle 
has been modified for the evaluation of net exchange of micromolecular solutes across 
oapillary beds. 
i ts  first circulation will be artefactually elevated if a portion of the indicator is 
diverted from the stream during that circulation. Hence, if a cryetalloid is admln- 
istered simultaneously with a colloid, differences in blood flow determined separately 
from their concurrent dilutions must reflect the net extravaecular (1 .e. tranecapillary) 
lose of the  more diffusible agent. 

Flow meaeurements based upon the mean dilution of an indicator during 

This technique of simultaneous indicators was applied to a study of net ealt 
and water transfers In the lesBe?= qirculation of m. 
intravascular standard. 
instantaneous and complete dye-protein union during the 1st circulation. 

T-1824 was employed ae the 
Such use of T-1824 wae validated by the demonstration of 

T-1824 In various combinations with 1131-labelled albumin, inorganic 1131, Na24 
Delivery wae mde through a oatheter within 

Thie method did not disclose any eignificant tranecapillary ex- 
and WO was administered to 24 eubjeots. 
the subclavian vein. 
change or extravascular dilution of electrolytes within the lesser circulation of nor- 
mal man. 

The T-1824/Na24 flow ratio in a patient with mitral etenoeie and proyen pul- 
monary hyperteneion WBE 0.902. 
the T-l824/Inorganic ratio was 0.W1. 
exchange. 
change of water is minim1 within the leeeer circulation of normal m. 
tained in peripheral capillary beds are strikingly different than the above. Thue 
40-66 of Inorganic 1131 cros~ee the capillary in a single circulation through the 
lower extremities of both man and dog. 
simultaneous indicator technique. 
been studied by t h i e  new method. 
gen flotation and labelled with P32. 

In anbbher with a large carotid arteriovenoue fietula, 
Both values euggeet tranecapillary electrolyte 

Preliminary values in 4 subjecte with deuterium indicate tbert even the ex- 
Reeulte ob- 

Thie amply atteete to the eeneitivity of the 
The fate of white blood celle in the lung Me ale0 
Leukocytes have been separated frm blood by fibrino- 
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The early mining and late metabolic rate of T-1824 as evaluated by the 
simultaneous administration of T-1824 and 1131-labelled human serum albumin: 
The first cirmlation was isoleted From subsequent phases of T-1824 mixing by 
applioation of the Stewart principle. Simultaneous transit of T-1824 and lor;  
dinated albumin was evaluated in 2 vascular beds of widely different pressure 
and capillary relationships, 1.0. the lung and the Jower extremities. In seven 
subjects transit of T-1824 through the heart and the lung in the let circulation 
was Identical both for T-1824 and iodinated human serum albumin. In 3 separate 
determinations Identity of transport during the 1st oirculation with these7 in- 
dicators vas also demonstrated in the lower extremity. The evidence would Indi- 
cate that virtually instantaneous and complete union of T-1824 to albumin occurs 
imediately subsequent to intravascular introduction of the dye. This effect- 
ively refutes any of the reports of early retioulo-endothelial abstraction of 
unbound dye anions. 
the stability of the resulting dye- rotein complex. Therefore the late simul- 

The indicators were administered simultaneously by separate injections from sep- 
arate sites. Measurements were ertended over a period of 1 week. Plasma de- 
cline of indicators during this late phase presumabl 
turnover rather than mixing phenomena. T-1824 and If51 albumin disappeared at 
virtually identical rates and dietributed over approximetely equal compartments. 
Phsmver divergence occurred It was in the direction of greater loss of dye but 
this never exceeded lO-155. 
mined in 27 subjects. 
The experiments vould indicate that T-1824 approximately mirrors albumin trans- 
port. 

The promptness of dye-binding does not necessarily reflect 

taneous degmdation of T-1824 and I P 3l albumin was assessed in 10 human subjects. 

represents pure metabolic 

In addition, 24-hour concentration of dye was deter- 
Dleappe~arancei of dye avenged 50% during mixing of 1 day. 

Artdfactual divergences of distribution oompartments resulting frm mixing 
of T-1824 and Il3l-Iabelled albumin prior to injection: 
the above ore obtained If T-1824 end 1131 albumin are mixed together in the same 
injection vial in concentration wherein there is marked excess of the dye. 
vitro this manipulation does not change the properties of the iodinated albumln. 
Eleotrophoretic mobilities and ultracentrifugal patterns are unaltered. 
extractable 1131 and dialyzable 1131 f’raotions do not Inorease. 
the incubation of dye with Iodinated albumin, the chrometographic R. F.ifalge of 
the radioactive material remains the same. 
of theee preanixed indloators a rapid (3-8 minutes) abstraction of lO-l5$ of the io- 
dinated albumin occurs in vivo.- This divergence has been demonstrated in 35 humane 
as well as 3 dogs. 
permanent and discontinuous. 

Different results than 

2- 
Butanol- 

Moreover, despite 

Nevertheless subsequent to administration 

-- 
The metabolic removal of a portion of the iodinated albwnin la 

Thus over a period of 1 week In 3 subjects there we9 
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The Surgcon General, DA 
B. DID8CIIWG ACLWCT I See below 
h d  Res k Dev Bd 

Intravenous fluids to expand the circulating blood volume will be urgently 
repired in large amounts for atomic casualties. 
elements cannot be stockpiled because of  short storage life and insufficient 
supply. 
of supply and possible transmission of homologous serum hepatitis. Stable,safe, 

#;Thole blood and its cellular 

Plama, albumin and other derivatives n r e  also subject to limitations 

a* - Brief; The objective is to investigate the characteristics, physiological 
effects, safety, and efficiency of the gelatinos, omolygelatines, dextrans and 
polyvinyl pyrrolidhos P S  plasma volume efpanders. 
effective plasma volume eKpanders. 

To develop new and more 

In the event of atomic warfare a mass of casuelties suffering from shock 
incident to burns, traumatic wounds and hemorrhage will present an immediate 
problem of  profound magnitlJde. 
the  circulnting blood volumo in the treatment of shock is a WellLestablished 
surgical prinbiple. 
this emergency would be insufficient. 
suitable product or products be developed, which can be stockpiled for use as 
plasma volume expanders in the event of  an emergency. 

The use of blood and blood derivatives to expand 

Availnbln su2plies of blood end blood derivatives to meet 
It is, therefore, imperative that 8 

The idea of preparing y d  utilizing solutions of com?ounds or material 
having the collobdal and osmotic characteristics of plasma is not new. 
previous efforts to develop completsly satisfnctory plasma volume expanders, 

Despit 

which also require conaideretion. 

453 
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Several potent ia l  plzsm. expanders, notably Dextrsn, P'JP and vg.rious gelntinas, 

a re  prssently available but there  are  many unsolved problems connected with each of 
them. 

Dextran, obtained from fermentation of cane sugar was develo?ed i n  SrPedon 
a f t e r  the l a s t  mar and has been uaed extenaively i n  Europe for the treatment of 
shook. 
Effor ts  must be made t o  produce a product i n  which the molecular weight i s  con- 
t r o l l e d  between narrow limits . A f t e r  intravenous administration most o f  the 
Dextran disappear8 f'rom the blood stream in 12 t o  14 hours. About one-tenth 
bo one-half is excreted In the urine, but  the f a t e  of  the reme.inder i S  s t i l l  
incompletely determined. Tracer studies w i l l  be done t o  invest igate  t h i s  w t t e r  
inore completely. 
have occurred which must  be investigated. 

The molecular s ize  of the  product may vary widely, vhich i s  undesirable. 

Toxic effeota  have not been observed, but n l le rd ic  renc t icm 

Polyvinyl pyrrolidone JPVP) was introduoed i n  Germany during Torld I'lar I1 
and was used extensively as a plasma volumb expander. 
size varies  and i t s  metabolic f a t e  is unknown. It is non-antigenio. Although 
promising, PIrP needs much more study t o  determine i t a  comparative value as a plasrra 
volume expander . 

Like D&ran, i t s  molecular 

Various ge la t ins  have had wide use i n  this country 88 plasma volume expandera. 
has been thoroughly atudied and found t o  be effective,  but P-20, an osseou8 gela t in  

it has l imited pract ioal  use becauae of i t s  gel  s t a t e  a t  usual room temperatures. 
Oxypolygelatin, a chemically modified gelat in ,  shms some promisa but much invest i -  
gation is  s t i l l  required. 

Since a l l  present po ten t ia l  plasma volume expanders have disadvant~gss ,  e f fo r t s  
shoilld alro be made t o  develop nem and more e f fec t ive  plasma voluine expanders. 

b. Approach, (1) Charaoterize both chemically and phygically a l l  plasma volume 
expardera for  the purpose of developing inspection and control methods. 
t o  modify the various plasma volume expanders t o  improve the aha e of t h e i r  mole- 
cules and t o  control  molecular weights within narrower l imits .  4 3) Develop analy- 
t i c a l  methods for  measuring the plasma volume expanders i n  body t issues ,  f l u ids  and 
oxcreta. 
the body on the r e l i a b i l i t y  of standard methods for  blood analysis and on x u x i ~ w e -  
ments o f  c e l l  and plasma volumes. 
panders on aging i n  storage. (6) Produce raddc-active tagged materials fo r  tracer 

(2 )  Attempt 

(4) Determine the ef fec ts  of the presence of plarrma volume expanders i n  

(5) I n v e s t i p t e  changie in plasma volume ox- 

- . _ .  - -  . 
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reticulo-endothelial  system and other v i t a l  organs. Those products found t o  be 
safe and effect ive i n  animals w i l l  be s imilar ly  t e s t ed  i n  normal human subjects 
and those suffer ing from shock. 
plasma volume expanders . (9) AtCempt t o  develo? new and more ef fec t ive  

The ultimate aim of  t h i s  project  i s  t o  produce a s table ,  safe , -effect ive,  
cheap plasma volume expander which can be stockpiled i n  large quant i t ies  for  use 
i n  case of an emergency. 

Pnr . 1 2  Cbntruotor apd/or Lcborrtory 

a. Surgioal Research Unit 

W i l l  t e s t  plasma expanders i n  animals and human mi l i ta ry  subjects,  with 
par t icu lar  a t ten t ion  t o  safety,  reactions, eff ic iency i n  res tor ing and min ta in -  
ing blood volume, value i n  correcting shock, and prac t ica l  value for  mil i tary 
use. nil1 invest igate  the metabolism, excretion, re tent ion nnd storage of plaema 
expanders, and t h e i r  e f fec ts  on the kidney, reticulo-endothelial  system, and other 
v i t a l  organs. 

b. 

W i l l  study the  c l in i ca l  e f fec ts  of dextran on the  dyhamios of c i rcu la t ion  and 

Rnory Un ive r s ib  - D r .  T. L. Bloom 

on kidney function. W i l l  invest igate  the hydrolysis o f  dextran by body t i s sues  and 
extracts ,  notably by muscle, l i v e r  and spleen; and by body enzymes, notably 1 - 6 
glucosidase. W i l l  perform t r ace r  experiments, using dextran label led with radio- 
active' carbon - 14, t o  determine excretion, storage, and metabolio b r a a k d m  i n  
t h e  bow.  W i l l  evaluate dextran i n  c l i n i c a l  patiente,  f o r  shock and for  i t s  e f fec ts  
on pat ients  with l i v e r  and kidney diseases. Vi11 develop ana ly t ica l  methods dor 
dextran i n  body t i ssues  and fluids.  

C. 

Dextran and PVP (polyvinylpyrrolidone: Periston) will be studied i n  animals 

University of Pit tsburgh - D r .  T. S. Danmski 

which have 'the salt-depletion type of shock. 
measured by cardia0 catheterization, balliStOCardiOgraphy, blood pressures, cyanide 
ciroulat ion time, and changee of kidney function. Following th i s ,  similar c l i n i c a l  
studies of dextran and PVP w i l l  be made on pat ients  suffering ealt-depletipn and 
other f o r m  of shock. 

Their effects on circulat ion w i l l  be 

d. University of Iuwa - D r .  S. Y. Horvath 

lFlll s~u@, i n  animals i n  hemorrhagic ehock, the effeote  01' plasma expandew 
on oardiao output, l i v e r  blood flow, renal functionm, arterial  and vmnous blood 
pressurea, blood v o l w  body rater, body weight, appet i te ,  and the ocmposition of 
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the blood. Rnimals will be followed at least two weeks to determine rates of' 
return of functions to normal. 
In dehydration and environmental stress (heat and cold) will be inveatigated. 

Later the effectiveness of the plasma expanders 

e. 

Will investigate the effects of plasma expanders on the metabolism and 

Yale University - Dr. L. G .  Weat 

excretion of water and electrolytes in normal human subjects and inddematous 
patients. 
either iso-oncotic or hyper-oncotic. 
are capable of  inducing diuresis in ddomatous patiente. 
tion of chromium tagged red cells for measurement of blood volume and dphur-36 
in the measurement of extracellular fluid volume. 

Will use iso-tonic solutions of  the phsma expandere, but which are 
Will determine whether the plasma expanders 

Will study t h e  utiliza- 

f. 

?ill do comparctive evaluations o f  the plasma expanders in human patients for 

Ohio State Universitv - Dr. R. M. Zollinger 

the troptment of shock due to trauma, burns, or hemorrhage. 
made of clinical response, local reactions, systemic reactions, and effects on 
blood pressure , plssm. volume J cardiac output , plasma osmotic pressure , blood 
Boaphtion, blood viscosity, blood flow, hemolysis 09 red cells, kidney functions, 
electrolyte balance and acid-base balance. 
be investipted b retention in the circulation and storage in the reticulo-endo- 
thelia1 systemj rates and molecular sSe4s excreted through the kidney. 

Observations wfll be 

The fate of the infused eqangers will 

g. 

Tracer studies In animals will be performed with PVP (Periston; polyvinyl- 

Harvard University - Dr J . Fine 
pyrrolidone), labelled with one or more o f  the following tracer tagsr N-16, C - X l ,  
1-131. Quantitative determinations of the distribution, excretion and depoaiticm 
of PVP will be made by analysh of tissues, blood, urine, feces, and expired air, 
using radioactive technique8 and the mass spectrometer. Isotope analyses will be 
checkedwhere possible with chemical analyses for PVP and with hietological exami- 
nations of tiasuee. 
electrolyte ehifts in normal and ehocked animala will be obsemed. E'unctional 
damage to tiesues and organs will be measured, and the toxic i ty  of PVP will be 
determined hrubice and rata. Attempt will be made by plasnmphoresia to replaae 
plasma with WP to determine its potential for injuring tissues. If the tracer 

The effects of PVP on blood volwno, fluid balance and 

mtubiaa ara not conclueivn, additional 1abellb.w o'f the alinhatic ohain of WP 

t 

I 
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r a t e s  and constants  in t h e  u l t r acen t r i f ige .  
t hese  r e s u l t s  i n  a sho r t e r  time than  t h e  one week now required.  
t h e  changes i n  molecular sizes of g e l a t i n s  i n  so lu t ion  which occur during storago. 

W i l l  develop a new method t o  ob ta in  
Til l  determine 

i. 

Plasma expanders w i l l  be compared by standardized animal t e s t s  which were 
developed f o r  evaluat ing intravenous ge l a t in s .  Values f o r  expansion of p l a s m  
volume and co r rec t ion  of hemorrhngic shock w i l l  be measured quan t i t a t ive ly .  
of excret ion i n  t h e  u r ine  and disappearance from c i r c u l s t i o n  w i l l  be mnsurod. 
ToxicitSes' w i l l  be determined. I n  co l l abora t ion  with t h e  Yaox Ge la t in  Company 
(Dr D. Tour t e l lo t t e ) ,  at tempts w i l l  be mmde t o  produce and evaluate  oqrpoly- 
g e l a t i n s  with g e l  po in t s  below 50' F. 
sa fe  and e f f e c t i v e  by animal expsriments, w i l l  be made i n  human p a t i e n t s .  

University of  Pennsylvania - D r .  H. liI. Vars 

Rate8 

C l i n i c a l  t r i a l s  of expanders, which appear 

j. Iiationgl Academy of Sciences - D r .  F. D. hwrason  

Pill serve as a c e n t r a l  i n f o r m t i o n  o f f i c e  f o r  a l l  phases of the plasma 
expanders program, providing *up-to-the-minutew i n f o r m t i o n  t o  inves t ign to r s ,  
co rn i t t oes  of t he  ifational Research CoVincil, agenices of t h e  Department of 
Defense, and po ten t l j f l  manufacturers. 
but ion t o  i n v e s t i g a t o r s  of a l l  plasma s u b s t i t u t e s ,  including tagged ma te r i a l s  f o r  
t r a c e r  s t u d i e s .  
t r i b u t e  them t o  appropriate  aeencies of t h e  Armed Forces and National Research 
Council. IT111 a s s i s t  t h e  Yctional Resetirch Council committees i n  t h e  ana lys i s  
of resenrch dRta and ?reparat ion of r epor t s ,  a s  a basis of r ecmemda t ions  by the 
National Research Council And implementations by the  Department, of Defense . 

W i l l  arrange t h e  production and d i s t r i -  

m i l l  dupl icato a l l  research r epor t s  from inves t iga to r s  and d i s -  

I 
I 

k. National Bureau of Standards - D r .  S m  G. Teissberg 

T r i l l  cha rac t e r i ze ,  chemically and physical ly ,  t h e  plasma expanders, f o r  t he  
purposes of d-.velosiiig inspect ion and controlmethods,  which w i l l  servd as t h e  
bns i s  of  s- i t isfactory purchase spsc i f i ca t ions ,  adequate inspect ions and sound 
product controls .  h s e r i e s  of p r a c t i c a l  analyses will be developed, which w i l l  
insure  t h a t  typo3 o f  products wanted can be spec i f i ed  t o  indus t ry  and procured by 
t h e  gov3rnment. Osmotic pressures,  light s c a t t e r i n g ,  i n t r i n s i c  v i s c o s i t i e s ,  
sedimentation r a t o s  m d  f rnc t iona t ions  ~511 be invest igatod.  Changes i n  plasma 
expanders on agine j n  s torage w i l l  be invest igated.  Possible  modifications of 
d e d r a n ,  t o  improve t h e  shape of  i t s  molecules by chemical treatment,  W i l l  be 
attempted. R i c l i o o r  t i v o  dextran f o r  t r a c a r  s t u d i e s  w i l l  be  character ized.  

Tj.lZ deve lop  ruiaJLrticn1 mathods f o r  m a s u r i n g  t h e  plasma expanders i n  bo@ 
tissue,.,  f l . r i ids ,  a x c r s t n .  Tf3.11 determine the e f f e c t s  of t h e  presence o f  planma 
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expanders on t h e  r e l i a b i l i t y  of stondard mothods bor blood ana lys i s  and on measure- 
ments o f  c e l l  and plnsna volumss. 
in te rnedia tes  of ? l a m a  expanders found t o  be metabolized i n  t h e  body. 
a n a l y t i c a l  methods t o  chemionlly charncter ize  t h e  f r a c t i o n s  0'8 plasma expanders 
suppliod by mmufacturers.  

W i l l  develop a n a l y t i c a l  ne thods  f o r  metabolic 
T i l l  develop 

m. Columbia Universi ty  - D r .  A .  Cournand 

T i l l  e s t a b l i s h  emergency teams, on c a l l  g.t both Bellevue Hospital  and ;?ow 
York Hospital, t o  t r e a t  traumatic cases vrith plasma expanders, and t o  n?ke thorough 
c l i n i c a l  s tud ies  of each case from the  time of admission. 
of D. IT. Hichnrds nnd A. Cournand, dovelopod i n  1944-45, f o r  t h e  study of  concen- 
t r a t e d  a l b u i n  so lu t ion  as  c. p l a s m ,  oxpander. 
hemodyndo e f f e c t s .  

nie protocol w i l l  be t h a t  

Pnr t icu lnr  a t t e n t i o n  xi11 be paid t o  

n, Carnegie I n s t i t u t i o n  of Yashington - D r .  L.  E. Flexner ,?c D r .  F.P. China 

The permeabili ty of t h e  c a 2 i l l a r y  beds i n  various o r p n s  and t i s suoa ,  t o  t h e  
plasma expanders w i l l  be determined with t r a c e r  tagged mater ia ls  and instantaneou: 
dynamic methods. 
inject ion.  
'Sution of  body water between t h e  vascular and extrevasculcr compartments w i l l  be 
determined. 

Storage i n  t i s s u e s  w i l l  be  determined a t  various times after 
The e f f e c t s  of p l a s m  expandere on t h e  blood volm-tc and the d i s t r i -  

0. S t .  Vinaent!e Hospital  - D r .  L. E. Rousselot 

nil1 inves t iga te  the dehydrating e f f e c t s  of the  plasma expanders'rnz L 2 s u r  o 
t h e  nciter displaced from t i s s u e s  i n t o  the c i rcu la t ion ,  in normal human subjects 
and p a t i e n t s  i n  shock.. m i l l  measure t h e  amounts of pro te ins  d i s p l m e d  from the 
c i r c u l a t i o n  and t i s s u e s  by plasma expanders. 

p. Polytechnic I n s t i t u t e  o f  Brooklyn - D r .  F. R ,  E i r i c k  

Will study the molecular c h a r a c t e r i s t i c s  of PVP (Periston; polyvinylpyrroli-  
dbne) solut ions,  t o  include d i s t r i b u t i o n  o f  molecular sizes, molecular shapes , extent 
and types of branching, solubility, viscos i ty ,  membranm permeabili ty,  osmotic and 
oncotic pressures,  l i g h t  sca t te r ing ,  sedimmmtation ve loc i t ies ,  ' in te rac t ion  with co- 
solutes, and behavior bs a polyelectrolyte under physiological conditions. 
data w i l l  b e  used, a8 far as pract icable .  t o  def ine  PVP 4n nrlrrhn-- 0- - 4  +v.--+ * --- 

These 
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r .  Children’s b d i c a l  Contor, Boston, h s saohuse t t s  - D r .  E.R. Blout 

W i l l  synthesize water&oluble high polymers from natural ly  ooourring alpha- 
amino acids f o r  possible use as blood plasma expanders. 
pharmacological and physiological properties of each product w i l l  be tes ted.  

A f t e r  synthesis, the  

B.  

The e f fec t  of various p l a sm subs t i tu tes  including dextrans w i l l  be studied 

TPashington University - D r .  Eobert Elman 

both in  animals and i n  pat ients .  
Barnes Hospital and St .  Louis City Hoepital and Honler Go Phi l l ips  Hospital who 
have developed evidence of surgical  shock following operation, burns, t i s s u e  in- 
jury br  massive hemorrhage. 
techniques w i l l  be developed fo r  the maasurement of t he  co l lo ida l  osmotic pressure 
and fo r  blood volume determinations. 
monoxI.de inhalation. technique. 

The pat ients  w i l l  be those admitted t o  the  

In addition t o  the usual blood chemical studies,  special  

The l a t t e r  involves the  use of a new carbon 

t. fkllly Medical Sorvice Graduate School 

Vi11 attempt t o  develop methods which a r s  more su i tab le  for the micro-analysis 
of dextran i n  blood. 
dextross and the eti . logy of these untoward reactions. 

T i l l  study the  reaction-inducing propert ies  of c l in i ca l  

u. University of Pit tsburgh - D r .  Paul H. Elaurer 

R i l l  conduct s tudies  re la t ive  t o  the antigenic a c t i v i t y  of Dextran. The 8 t U Q  

In 
will involve the quant i ta t ive determination o f  antibodies t o  both the high and low 
molecular weight dextrans i n  varioua sera  col lected a t  Brooke Anny Hospital. 
addi t ion t o  the antibodies t o  dextran a quant i ta t ive estimation of t he  antibodies 
gross-reacting with dextran w i l l  be made. 
are  also expected t o  be done. 

Passive t ransfer  and sens i t iza t ion  studies 

v. Sloan-Kettering Imth tu te  for ,  Cancer Research - Drs. Leon Hellman .and 
David Becker 

W i l l  study the  behavior of various Bar labeled plasma expandere i n  the  body 
t o  include t h e i r  d i s t r ibu t ion  i n  the  various bow f lu ids  and t i s sues .  
the f e a s i b i l i t y  of m e a a u r b g  small quant i t ies  of plasma expandere w i t h  the isotope 
teohnique, the  behavior of t racer  quant i t ise  of these materiala can be compared 
with t h a O  of fu l l  therapeutic amounts. 

Because of 

http://monoxI.de
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i w i l l  be atudied uaing a var ie ty  of  products frum the Northern Regional Research 
Laboratory, 'native" dextran from other  source^ and commercial producte prepared 
for c l in i ca l  use. 
s t i t uen t s  of dextran-forming bacter ia  i n  oulture f lu ids  w i l l  60 determined. 
appropriate methods a re  developed, the  examination o f  c l i n i c a l  dextrans ' fo r  the  
presence of  t r ace  amounts of serologically react ive non-dextran consti tuents of 
bacter ia l  o r ig in  w i l l  be done. 

I The occurrence and reacting capaoities of non-dextran con- 
m e r  

! 

Xm Rnory University - D r .  Paul B. Beeson 

, 

To determine the  relat ionship between molecular s ize  and Shwartmm mtivity 
o f  hydrolysis f ract ions of dextran and correlat ion with leukopenia-producing 
capacity. 
a d v i t y  a8 it does for  t h e  a c t i v i t y  of  other bac ter ia l  products. Should tolei  
develop, -her studios would consis t  o f  a chemical measurement o f  r a t e  of 
disappearance from blood stream ~s tolerance develops, the measurement of disc 
pearance r a t e  i n  animals made r e s i s t an t  by repented inject ions of bac te r ia l  

pyrogens, plus  a study o f  the  e f fec t  of  so-called reticulo-endothelial  blockad 
on t h i s  tolerance. 

It wl11 be determined i f  tolerance develops fo r  dextran's Shwartzman 

y e  California Ins t i t u t e  of Technology - Drs. Linus Pauling and Dan H. 
l a m p b e l l  

To conduct chemical s tudies  of oxypolygelatin t o  provide a bas is  for improve- 
ment o f  t h e  product and f o r  interpret ing the  findings of biological evaluation 
studies.  Nem chemical and physical methods f o r  reducing the gelat ion tendency 
of ge la t in  w i l l  be sought. 

d. Other Infomation,  NO- 

e *  Background and/or Progress8 There is no subs t i tu te  fo r  whole blood i n  the 
Inab i l i t y  a t  pressnt treatment of mass casual t ies  during a national emergency. 

t o  preserve whole blood beyond S weeks makes it impossible t o  build stockpilea of 
th i s 'mate t ia l .  Plasma and plasma subs t i tu tes  must make up the difference between 
supply and demand. 
safety from transmission of disease. A standardized human globin solut ion i a  not 
yet available.  
untoward reactione 

Stored pooled plasm hss not yet  reached the point of absolute 

The material  currently avai lable  is  s t i l l  capable of producing 
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have the  disadvantages of  s o l i d i Q i n g  a t  low temperatures, thus  i n t e r f e r i n g  wi th  
blood typing Rfter  infusion. Polyvinyl pyrrolidone, of l a r g e  molecular s ize ,  i e  
re ta ined  i n d e f i n i t e l y  i n  the  b0d.y while smaller molecules a r e  rap id ly  excreted eo 
t h a t  t h e i r  functions as plasma expanders ere l imited.  Dextran, l i k e  g e l a t i n  and 
polyvinyl pyrrolidone, i s  s t i l l  t o  be cont ro l led  from t h e  standpoint of molecular 
s ize .  
act ions.  
t i s s u e s  or organs and t h e  f a& t h a t  bnd products are not  l i k e l y  t o  cont r ibu te  t o  
t h e  synthesis  of new body proteins .  

Certain preparations a r e  apparently an t igenic  and may cause a l l e r g i c  re- 
Other disadvantages a r e  t h e  p o s s i b i l i t y  of harmf'ul e f f e c t s  on c e r t a i n  

G e l n t h  and Gelntin Products 

(1) Gelat in  has been subjected t o  comprehensive study i n  the  pas t  10 years ,  
and 6 percent so lu t ions  have been found t o  be both s a f e  and e f f e c t i v e  a s  a plasma 
expander when given intrRvenously for  the  treatment of e a r l y  s tages  o f  traumatic 
shock. This so lu t ion  of g e l a t i n  is composed of r e l a t i v e l y  long molecular chains 
wUch may be re ta ined  i n  the c i r c u l a t i o n  f o r  as  long a s  4 days, and s h o r t e r  mole- 
cular  chnins excreted by thb kidney s h o r t l y  a f t o r  in fus ion  so t h a t  t h e i r  osmotic 
e f f e c t s  a r e  only t r a n s i t o r y .  Bo s i g n i f i c a n t  damage t o  v i t a l  organs has been noted 
e i t h e r  i n  animnls or humans receiving g e l a t i n .  There i s  evidence t h a t  aome of t h e  
retnined g e l a t i n  i s  metabolized. Solut ions of t h e  mater ia l  a r e  s tab le .  The prac- 
t i c a l  advantages of g o l a t i n  a r e  i t s  a v a i l a b i l i t y ,  lox cost ,  and freedom from re- 
act ions.  The disadvantages ore:  
s u f f i c i e n t l y  long i n  t h e  body; 
i s  encountered a f t e r  infusions because of pseudoagglutinntion o f  the  red  blood 
c e l l s ,  f o r  which reason it is advisable t h a t  samples f o r  hlobd matching be h k e n  
before  R Celatin infusion i s  Given; and 
l imi ted  by t h e  f a c t  t h a t  gelGtin i s  i n  t h e  physical  s t a t e  of D. g e l  and a t  low 
temperaturea plugs or runs slowly through intravenous equipment. G e l a t h  so lu t ions  
t h a t  remsin lin,uid s.t luw temperntures heve been produoed an3 are on t h e  rnarlcet. 
but  they cons is t  of  sm11 molecules t h a t  a r e  r a p i d l y  excreted and thus do not  e x e r t  
t h e  same ef f ic iency  i n  t h e  trentment of shock as  do t h e  larger molecules. 
haa tho f u r t h e r  disadvantage of Sainy, an incon2lete pro te in  and so does not cont r i -  
bute mater ia l ly  t o  tho formmtion of  now p r b t b h .  

(1) the  smaller molecules a r e  not re ta ined  
(2) d i f f i c u l t y  with blood typing and cross-mtchicg 

(3) use i n  outdoor conditlons is  g r e a t l y  

Gelntin 

The g e l l i n g  problem appears t o  hnve been le rge ly  cvercome by the development 
of  m q p o l y p l a t i n ,  and without s a c r i f i c e  of  molecular s ize  and osmotic propert ies .  
Oxypoly&elatin i s  prepared from tho parent substance by d e c a l c i f i c a t i o n  wi th  an 
ion  exchanGe res in ,  condensation with glyoxal, oxidat ion with hydrogen peroxide, 
and s t e r i l i z a t i o n  by autoclaving 
weight o f  40,000, romaine l i q u i d  a t  temperatures down t o  100 C. 
nonantigenio. 
equivalent  volume of plasma. 
of moleoular s ize .  

6 percent solut ion,  which has a mean molecular 
The product is 

After inf'usion it has about tovice t h e  osmotic a c t i v l t y  of an 

C l i n i c a l  t r i a l s  have not  been extensive,  but r e a d t s  i n  
The problem &tending oxypolygelatin i s  t h e  cotltru1 

4 66 
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treatment of ear ly  traumatic shock pa ra l l e l  t h o s e  of Lelqtin. 

Polyvinyl Pyrrolidone 

(2) PVP i s  a co l lo ida l  po$ymer of  acstylens of  l a ree  molecular weight. It 
was developed i n  Germany as  a p l~sma  expander. 
solut ion has a mean molecular weight of about 40,000. 
i n  large quant i t ies  frcm readi ly  available materials.  
than 500,300 intravenous inject ions were given t o  G e m  soldiers  in Torld :Tar I1 
with sa t i s fac tory  resu l t s .  PVP i s  s table  on storage in the  dry form and i n  solu- 
t i on  and i s  nonantigenic. 
ge la t in  i n  r e s t o r h g  diminished blood volume resu l t ing  from hemorrhage i n  the 
experimental animal and i n  man. 
going investigation. From 20 t o  50 parcent b f  the mount infused can be acca 
for  i n  the urine in the unchanged s tn te ,  and t races  can be detected 10 days a 
injection. 
1 percent i a  exhaled as carbon dioxide i n  the first 10 days following sdminis 
t ion.  
molecules having a molecular weight greater than 31,000 -- i s  taken up by the 
ret iculoendothel ia l  system, the akin, and the ske le t a l  muscles, and stored fo; 
undetermined length of time. m e t h e r  t h i s  storage w i l l  produce harmful effec- 
is not ye t  determined. On the  other hand, i f  the molecular size of P" i s  rea 
duced bel= 31,000, it i s  rapidly excreted by the kidneys and i t s  h c t i o n  a s  a 
plasma expander then is  short-lived. 
c l i n i c a l  use depends on c la r i f i ca t ion  of  the  f a t e  of mater ia l  unoxcreted a f t e r  
injection. 

A 3.5 porcent solution i n  Ringer's 
PVP can be rppidly produced 
It i s  estimated tha t  more 

It is about equal in effectiveness t o  plasma and 

The ultimate f a t e  of  PVP i n  the body i s  now under- 
' - 

Experiments with radioactive materials have shown t h a t  less than 

These experiments f'urther demonstrate t h a t  the nonexcreted portion -- 

Acceptance of t h e  material  fo r  unrestr ioted 

(3) Dextran is  a polyaaocharide o f  high molecular weight composed solely 
of glucose molecules linked tbgether through a 1-6D glucosidic bond. 
prepared by t h e  fermentation of cane sugar. The cmds product is hydrolyzed t o  
give a mater ia l  with a mean molecular weight o f  about 72,000. It i s  used a s  a 
6 percent solut ion in 0.9 percent sodium chloride solution. Various studies of 
t h e  excretion of dextran h a v e . s h m  t h a t  between 1/4 and 1/?3 of the infused 
amount i s  excreted in the  urine within 24 hours, and soma of the rema'inder over 
the next 4 or 5 days. Only insignifioaat amount8 are excreted in to  the  gastro- 
i n t e s t i n a l  t r a c t .  
investigation. 

It is 

The f a t e  of the  retained la rger  #olecules i s  s t i l l  under 
Retained dextran has not been found t o  have a q y  deleter ious 
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Work i n  progress a t  ??alter b e d  A q r  Uedical Center suggests t h a t  dextrans 
contain suff ic ient  nitrogenous products t o  cause the appearance of precipi t ina 
i n  a cer ta in  percent of  pat ients .  The presence of these antibodies appears t o  
be correlated with the a l l e rg i c  reactions attending i t s  administration. 
support for t h i a  r e s t s  i n  demonstrating posi t ive skin t e s t s  and prec ip i t ins  in 
man when small amounts of dextran are injected subcutaneously. 
dextrans are m t h e r  purif ied they cannot be regarded as completely iner t .  In 
addition, there  i s  some evidence i n  pa t ien ts  with damaged kidney8 tha t  fur ther  
damage occurs following infusion of  moderate amounts of dextran, recovery from 
which may be delayed. 
a b i l i t y  of nitrogen-frae (nonantigenio) material, 
molecular size,  and 
to man over a given period. 

Further 

Hence; u n t i l  

The problems facing UE with dextran ares 

(3) def in i t ibn  of the dose which can be given w l t h  safety 

(1) the avnil- 
(2) more complete control  o f  

Dextran has been standardized for  emergency use only. 

Work w i l l  continue t o  determine the  best  plasma volume 

g. Refer-oes: ProgresB reports  o f  inveetigators l i s t e d  In paragraph a, 
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Basic Liedical Science Investigations,  Authorized AW-6 
1. COGNIZANT AGENCY Im u a m m  , COHTRACTN. 0. NO. 

C m t  - 
11. PABTIClPATION AND/OE COORDINATION DBV. 

T RST 
14. DATE APAIOVBb np SVAI 

15. PRIORITY 1 2 .  I 16. 521 27m 
, 5 Nov. 1951 111.PlSCAL EST'S, P1 

--. 
to.RWUIRRIII)WT AWDIOP JUSPlFICATION of 

Traumatic wounds and shock a r e  among the  most important t ypqcasua l t i e s  
suffered i n  wartime. 
requires the use of whole blood or  blood derivatives,  such a s  plasma o r  

The treatment of these conditions almost invariably 

transfusion reactions,  lower nephron nephrosis and homologous serum hepat i t is .  
I n  view of the w i d e r e a d  use of blood and blood der ivat jves  i n  the therapy 
of traumatic wounds and shock, it i s  essent ia l  t h a t  resear& be conducted t o  
eliminate some of  the problems a r i s ing  from the administratidn of blood and 
blood der ivat ives  and t o  develop ways and means o f  combatting hemorrhage 
and intravascular  clott ing.  

a. Brief: The objective is t o  study blood and blood der ivat ives  with special 
emphasis on t h e i r  use as therapeutic agents i n  traumatic wounds and shock, and 
t o  Invest igate  ways and means of reducing o r  eliminating transfusion reabtions 
and other under&fable effects of these materials. S tudies  will also be con- 
ducted t o  devise methods and techniques for f ract ionat ing,  preserving and 
s tor ing these matdrlals. 
investigated. 
Intravascular c lo t t ing  and methods w i l l  be developed t o  promote c lo t t i ng  a s  
w a l l  ns i.0 nrevnnt. 4nt.rnvnemil a r  thramhnsfa, G 

The basic mechanism of blood c lo t t ing  w i l l  be 
Studies will be conducted t o  elucidate  the f ac to r s  involved i n  



Blood and Blood Derivatives (Continued) 
6-64-01-009 

i n t o  i t s  var ious components. These inves t iga t ion  a r e  considered highly important 
i n  order t o  increase t h e  ava i lab le  supply of these  mater ia ls  by separat ing the  
var ious cons t i tuents  and thereby permitt ing longer  storage and b e t t e r  preservat ion 
of  whole blood. 
these  l i n e s  i n  order t o  provide adequate blood and blood d e r i v a t i v e s  i n  t h e  event 
of  mass casuhat les  from atomic warfare. 
s e n t  a l a r g e  port ion of c a s u a l t i e s  from atomic explosions a l s o  requi re  the  
l i b e r a l  use of blood and blood der iva t ives  t o  combat shock and i n j u r y  t o  t h e  
blood-forming organs inc ident  t o  ionizing rad ia t ion .  
a considerable Fortion of t h e  c a s u a l t i e s  which occur from both conventional 
and atomic warfare, and hemorrhage and in t ravascular  c l o t t i n g  are im;>ortant 
complications of these i n j u r i e s .  
i n v e s t i z a t e  t h e  basic  mechanismin t h e  processes of blood cA&t.ting and a l s o  
t o  devise ways and r;eans of preventing in t ravascular  thrombosis. 
Inves t iga t ions  have shown t h a t  many heretofore unrecognized f a c t o r s  a r e  oper- 
a t i v e  i n  t h e  blood c l o t t i n g  mechanism and many new preparat ions have been 
advocat,ed both t o  promote c l o t t i n g  where hemorrhage i s  a problem and t o  prevent 
i n t r a u a s c u l i r  c l o t t i n g  v!here in t ravascular  thrombosis i s  a l i k e l y  react ion.  
I t  i s  e s s e n t i a l  t h a t  these bas ic  mechanisms be worked out  and t h a t  t h e  new 
preparat ions be invest igated f u r t h e r  i n  order to develop b e t t e r  methods f o r  
cont ro l l ing  hemorrhages and f o r  preventing in t ravascular  thrombosis. 
e f f o r t s  have also indicated t h e t  it m y  be poss ib le  t o  separnte, preserve, 
s t o r e  and l a t e r  r e c o n s t i t u t e  f o r  use, t h e  var ious elements 6B blood such as 
red ce!ls, white c e l l s  and var ious f r a c t i o n s  of t h e  plasma. 
l e a d s  must be folloved and work along these l i n e s  emphasized. 

It i s  p a r t i c u l a r l y  important t o  increase research e f f o r t s  along 

Eurns and rad ia t ion  i n j u e  which repre- 

Traumatic lounds represent  

It i s  therefore  extremely important t o  

%cent 

Recent 

These important 

b. Amroach: Detailed s t u d i e s  w i l l  be conducted on ways and means of sepa- 
r a t i n g  t h e  var ious elements of blood and develop&& methods f o r  preservat ion 
and storage,  and emphasis w i l l  be placed on t h e  development of techniques f o r  
t h e  s t e r i l i z a t i o n  of plasma t o  i n a c t i v a t e  the  v i r u s  of homologous serum hepa- 
t i t i s .  Inves t iga t ions  w i l l  a l s o  be conducted on t h e  basic  mechanism involved 
i n  the process of c lo t t ing .  

The ultimate aim of t h i s  pro jec t  i s  t o  provide adequate amounts of blood 

I t  i s  a l s o  t h e  aim of t h i s  p r o j e c t  t o  clearly 
and blood d e r i v a t i v e s  which can be s a f e l y  admihistered t o  p a t i e n t s  requi r ing  
t h e s e  mater ia l s  for treatment. 
e luc ida te  t h e  many f a c t o r s  involved i n  the  blood c l o t t i n g  mechanism and through 
t h i s  understanding to  develop methods f o r  reducing hemorrhages and el iminet ing 
t h e  c o m n  complication of in t ravascular  thrombosis. 

c . Siibtasks : 

( I )  Massachusetts I n s t i t u t e  of TeBhnolom - D r .  David F. Waugh 

This  study i s  designed t o  inves t iga te  t h e  s t m m  of t h e  f i b r i n  
c l o t  and the  effect of i o n i c  strength,  ?pIi, etc .  on t h i s  c lo t .  Atte@$s w i l l  

602 ’ 
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be made t o  determine the quant i ta t ive e f fec t  of various c lo t  accelerators  and 
inhibi tors ,  and the modes of act ion of these snbstances. 

(2) University of Southern California - D r .  Arnold G. Yare 

This study i s  directed toward the i so la t ion ,  pur i f ica t ion  and determination 
of the propert ies  of accelerator  globulin and antithromboplastin. 
be l.ade t o  prepare both of these c lo t t ing  f ac to r s  from plasma t n  the  purest  
possible form. 

Attempts w i l l  

(3) !Vane University Collepe of Iiedicine - D r .  Charles L. Schneider 

W i l l  study problems re la ted  t o  the i n i t i a t i o n  of blood coagulation with 1 
i part icular  reference t o  p l a t e l e t s .  Special a t ten t ion  w i l l  be given t o  the p l a t e l e t  

accelerator,  the fac tor  i n  p l a t e l e t s  which influencesthe in te rac t ion  of thrombin 
and fibrinogen and those a c t i v l t i e s  which can be regarded a s  being f a i r l y  specific.  

(4) Purdue Universitg - Dr. Edwin T. hlertz 

This study i s  directed towgrd the i so l a t ion  and pur i f ica t ion  of profibrin- 
Attempts w l l l  a l so  be made t o  determine olysin, f ib r inolys in  and anti-fibrinolysin.  

the physical and chemical propertigs of these substances. 

( 5 )  State University of Iowa. College of Medicine - Dr. Willis Y. Fowler 

W i l l  study blood heparin levels,  plasma accelerator  factors ,  bleeding 
and c lo t t ing  times and p l a t e l e t s  i n  animals subjected t o  t o t a l  body i r radiat ion,  
and anaphylactic shock. Similar determinations 8111 a lso  be made on pat ien ts  
with various hemorrhagic diseases and uremia. 

( 6 )  Harvard Medial School - Dr. W i l l i a m  B. Castle 

"he purpose of this study i s  t o  determine by animal and human experiment 
v i t q  and & 

and &I 

the  p a r t  played by hemorrhage i t s e l f  i n  various aspects of 
Observations dl1 be made 

on the  e f f ec t  of fibrinolysin on normal and abnormal blood. 
coagulation under normal and pathological conditions. 

(7) Bamnne Howital & Dlsmnaaq  - Dr. Ancel U. Bkaustein 
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(8) parvard Eledical School - D r .  Herrman L. Blumgart 

W i l l  study the "autocatalyt ic  factors" i n  the pathogenesis of intra-  
vascular c lot t ing.  
dfCIbns, and using new precise  ana ly t ica l  methods, quant i ta t ive data  on auto- 
ca t a ly t i c  accelerators  i n  the inivivo c lo t t ing  mechanism. 
of these accelerator  substances i n  purif ied form permits t h i s  investigation. 

The purpose of t h i s  study is t o  obtain under controlled con- 

The ready ava i l ab i l i t y  

( 9 )  Pennsylvania Hospital - D r .  Jerome I!. Waldron 

W i l l  m s t i g a t e  the c lo t  accelerating propert ies  of o r a l l y  ingested 
fst. This investigation i s  conceimed with the r e l a t ion  of f a t  t o  hemostatic 
mechanisms and thrombotic phenomena. 
o ra l ly  ingested f a t s  w i l l  be studied i n  human subject8, since bleeding i n  
irradie+.ion in jury  cases i s  supposedly due t o  an incnease i n  c i rculat ing hepakin. 

In par t icu lar  the anti-heparin e f f ec t  of 

(10) Harvard Kedical Scbool - D r .  Benjamin Alexander 

This study i s  aimed a t  the purif icat ion of prothrombin, thrombin and 
Acglobulin, and an investigation of t h e i r  propert ies  and in te rac t ion  i n  isolated 
systems. If purif icat ion methods prove sat isfactory,  the chemical and physio- 
l oz i ca l  propert ies  of these componelts w i l l  be s tud ied  using r a a o a c t i v e  iso- 
topes . Also antihemophitic globulin w i l l  be assayed by two-stage prothrombin 
cohsumption t e s t s  on hemophilic blood. 

(11) Mercy Homital .  Baltimore, lid. - Dr. Charles E. Brambel 

17111 study various anticoagulant drugs such a s  dicumarol, tromexan and 
L-'.nk compound 63 (cwnopy-ran), and special  a t ten t ion  w i l l  be given t o  drugs t h a t  
counteract the  e f f ec t s  of these compounds. 
include o r a l  synthetic Vitamin K, and an intravenous Vitamin K emulsion. 

The counteracting drugs t o  be studied 

(12) Presb*erian Hospital. Chicapo. I l l i n o i s  - Dr. John H. Olwin 

'new methods f o r  measuring known (and possibly unknown) coagulation f ac to r s  of 
the blood, In  h w n s ,  n i t h  a hope of finding some re l i ab le  means by which 
intravascuaar c lo t t i ng  can be anticipated.  This study w i l l  be done i n  normal 
individuals, p r e  and post-operative patients,  undegglding major surgery and 
obs te t r i ca l  pa t i en t s  during the  preF and post-partum periods. 

(13) University of Virstinia - D r .  Alfred Chanutin 

To evaluate the presently available methods and attempt t o  develop 

The e?'fect of aging of red c e l l s  on t h e i r  enzymes, and other organic 
and inorganio constituZents, and adsorptive propert ies  w i l l  be studied. The 
e f fec t  of storage of p l a sm on the alpha and beta @nilin component8 w i l l  be 
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determined. 
elements and the e f f ec t  of the formed elements on the specif ic  enzymes of p lasm 
w i l l  be studied. 
deter iorat ion of red ce l l s .  

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

Attempts w i l l  be made to  develop procedures f o r  preventing 

[l4) Universitv of Ioma - D r .  Elmer L. DeCowin 

Blood w i l l  be collected from normal group 0 donors i n  various preser- 
vative solutions,  stored f o r  in te rva ls  from 0 t o  35 days, and transfused t o  normal 
recipients  of group A or  B. The disappearance of donor's erythrocytes from the 
circulat ion will be measured by accurate d i f f e r e n t i a l  agglutination techniques. 
The kinetOCe of destruct ion of preserved erythrocytes w i l l  be analyzed mathe- 
matically by the  shape of. the  disappearance curves. 

The respiratory r a t e s  of the preserved erythrocytes will be measured 
i n  manometers a t  the time of transfusion and the r e s u l t s  compared with in-vivo 
survival . 

Measurement of the net gain or d e f i c i t  of the n o m 1  rec ip i en t ' s  erythro- 
cytes will be made, employing calculations based on simultaneous counts 6% t o t a l  
erythrocytes and inagglutinable ce l l s .  

a f t e r  transfusion w i l l  be made by the calculation of t o t a l  c e l l  volume with c e l l  
counts, hematocrits, and Ashby counts; 
with estimations of c e l l  mass by 832; 
t o c r i t  and c e l l  mass and checked with the in jec t ion  of T-182.4. 

I n  the same experiments measurements of the changes i n  plasma volume 

these observations w i l l  be spot checked 
plasma volume w i l l  be measured by the hem- 

(15) Yale Univeraitp - Dr. 8. H. Milstone 

W i l l  conduct studies on the i so la t ion  of prothrombin, prothrombii- 
act ivator6 and p la te le t s .  Electrophoretic analyses w i l l  be made of the various 
f rac t ions  and t h e i r  purified derivative8 to  de tec t  unsuspected impurit ies.  
i s  proposed t o  continue the pur i f ica t ion  of prothrombin with two objectives: 
1) ultimate i so la t ion  and crystal l izat ion;  2) c la r i f i ca t ion  of coagulation 
theory. Progress of pur i f ica t ion  rill be followed by the electrophoretic and 
solubility t e s t e ,  ly 'comparing specifio activities,  and 
f o r  contamination. 
distinct from prothrombin, binase and accessory thromboplastin, 

It 

fimctional t e s t s  
A lookout w i l l  be kept for a possible addi t ional  factor ,  
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centrifugation a t  40 C. 
f o r  resuspending these c e l l s  t o  preserve them i n  storage. 
ac t e r i s t i c s ,  and c l in i ca l  value of the stored c e l l s  w i l l  be determined a t  various 
in t e rva l s  of storage by Siological t e s t s  of the infused cel ls .  
whole blood and c e l l  suspensions a t  high pressures (several  hundred atmospheres) 
end l o r  temperatures (-YC t o  15OC) w i l l  be assessed. 

(17) B r v n  19awr Hospital - D r .  E. K. Strumia 

Search w i l l  be made f o r  the optimum preservative f l u i d s  
The v i ab i l i t y ,  char- 

Preservation of 

(a )  Considerable work has been done on the e f f ec t  of leucocyte sua- 
pension and ex t rac t  therapy on the regeneration of bone m a r r o w  of rabbi t s  following 
depletion by s9vere t o t a l  body i r radiat ion.  I n  previous studies ah  attempt had 
been made t o  purFfy leuco- ex t rac ts  o n l y  t o  f ind  t h a t  crude preparations are 
more effective. 
i n  the present course of investigation. 

An attempt t o  use these preparations intravenously w i l l  be made 

(b) The causes for the deter iorat ion of the  ce l lu l a r  elements of whole 
blood i n  storage and t ransport  w i l l  be determined by ce l lu la r ,  metabolic and-enzyme 
studies  i n  natural  and a r t i f i c i a l  substrates. Attempts w i l l  be made t o  slow the 
metabolic aging and destruct ion o f  blood c e l l s  t o  a minimum, by improving the 
presowative f l u i d s  and other means, such as dehydration, lower storage tempera- 
tures,  adjustment to  optimum pH, control  of enzymatic ac t iv i ty ,  etc. Results 
w i l l  be assessed by following the  v i a b i l i t y  of the preserved c e l l s  
i n  vivo. 

v i t r o  and 

(18) EIarvard Universitp - D r .  Carl W. Tklter 

To continue a study on preservation of human erythrocyhes a t  -10 to 
-lpc i n  order t h a t  current blood bank storage t i m e  may be prolonged, a d  event- 
ually an inde f in i t e  storage period f o r  blood obtained. 

(19) Medical Research and Development Board 

It i s  proposed to thoroughly study the current ly  commercially available 
p l a s t i c  blood containers f o r  adaptabi l i ty  and s u i t a b i l i t y  for PrLlitary medical in- 
s ta l la t ions .  
containers from each of several  comerc ia l  houses, i n  each of six military h o s p i h l r  
i n  Zone of In te r ior .  
be combined towards the developmnt of an idea l  p l a s t i c  bag ia0 mil i ta ry  use. The 
second phase of the study w i l l  include the t ransportat ion of whole blood i n  p l a s t i c  
bags t o  an overseas theater ,  fo r  use i n  the  mi l i ta ry  hoepitals i n  the thea te r  zone 
of c o d a t i o n .  

The i n i t i a l  phase of t h i s  study w i l l  be t o  tes t  300 p l a s t i c  blood 

The comments and recommendations from these hospi ta l s  will 
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*he f inal  phase w i l l  include the consideration of shipments of whole blood 
i n  p l a s t i c  blood containers from the TJnited S ta t e s  t o  an overseas thea te r  of 
operations, t o  medical i n s t a l l a t ions  i n  the combat zone. 

An addi t ional  study i s  t o  include the u t i l i z a t i o n  of p l a s t i c  blood containers 
f o r  the col lect ion of blood f o r  plasma. It has been found t h a t  the use of these 
light-weight bags results i n  a conskderable savings i n  transportation costs, and 
a t  the same time gives a 6-7$ greater  H e l d  of plasma per 500cc of blood. 

d. Other Information: None. 

e. Backmound and/or Promess: Since December 1951, Nalter has been searching 
f o r  a be t t e r  anticoagulant mutrient solution f o r  human red c e l l s  and t o  determine 
the bes t  Bebhnique for the  long-,term survival of these cel ls .  
a new anticoagulant nutr ient  solution containing ethylenediaminetetra-acetic acid 
a s  ant icoa-dent ,  dextrose and d ibas ic  and monobasic phosprlate as buffer. 
the preservation of red blood ce l l s ,  he found, t h a t  15% glycerol preventd  
hemolysis following deep freezing and thawing. 

He has developed 

For 

Ravdin reported tha t  the  optimum tenllerature range f o r  the preservation of 
blood t o  be below 4OC and above -0.5°C. h e  simplest procedure, according t o  
Favdin, for inproving the preservation of erythrocytes involved the use of chi l led 
4.0 sodium c i t r a t e ,  immediate ch i l l ing  of BPUod, addition of c i t r i c  acid, 
storage a t  OOC and removal of  plasma a t  36 t o  48 hours. *he optimum pH range 
was 6.9-7.0. 
a f t e r  21 days especial ly  i n  concentrated preparations. 

r ,  

In the absence of added glucose c e l l  deter lorat ion accelerated 

Strumia made some inBeresting observations on the e f fec t  of  lowered temper- 
a tures  of stored blood r e l a t ive  t o  bac ter ia l  contamination. He found t h a t  when 
Bacillus cereus (~~ and BI;IEI s t r a in )  were added i n  Earge quant i t ies  (i.e., 1 
million o r m m s  /d.) t o  whole c i t ra tcd  blood and stored a t  0-2OC and 2-4OC 
tiiey fa i led  t o  show any growth and a s l igh t  decl ine i n  numbers of bacter ia  was 
noted 

Strumia hes a l so  done considerable work on the  e f f ec t  of leucocytic suspm- 

H i s  studies indica te  that rabbit plasma adminis- 
sions and ex t rac t  therapy on regeneration of bone marrow following depletion by 
severe total  body i r radiat ion.  
tered a f t e r  i r rad ia t ion  has a protect ive effect on the mortali ty ra te ,  indepddent 
n f  +ha l n w n n m r t n ~ 4 a  4 . r A r r ~ d  )rrr +ks 1 a ~ M - + 4 ~  s A d m 4 o + ~ ~ + 4 ~ a  
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20.RLQUIRLWCWT AND/OR j U S T I P l C A T I O N  
The a tonic  bomb, a s  a military source of ionizing radiat ion,  requires  t h a t  

p r a c t i c a l  prophylact ic  and therapeut ic  measures be developed t o  minimize the nun 
ber  of c a s u a l t i e s  ;,hich my result from t h e  use of t h i s  weapon. 
maximum use must be made of the benef ic ia l  f e a t u r e s  of ionizing rad ia t ion  a s  
apjllied t o  m i l i t a r y  medicine. 

h l . a R I l P  O? RCUBCT AND O W E C T I ~  

I n  addition, 

a. Brief: The objec t ive  of t h i s  pro jec t  i s  t o  study the b a s i c  mechanism involved 
i n  damage t o  l i v i n g  t i s s u e  r e s u l t i n g  from ionizing rad ia t ion  and t o  determine 
the  prophylaxis and treatment of rad ia t ion  injury. Since ionizing rad ia t ion  
can be used a s  a therapeut ic  or diagnost ic  agent r e l a t i v e  t o  c e r t a i n  d iseases  
which affect the body, study w i l l  be made of the  advantageous appl ica t ion  of 
these  radiat ions.  Likewise, ionizing r a d i a t i o n  rill be studied t o  inves t iga te  
i t s  u t i l i z a t i o n  i n  therapy and i n  t r a c e r  and diagnost ic  studies. 

b,  Avvroach: 

(1) Biolooical Effects  of Radiatiop. Previous s t u d i e s  have establ ished 
t h a t  r a d i a t i o n  damage of t i s s u e  r e s u l t s  from energy changes in the cel l  o r  i t 8  
immediate environment. 
m y  include changes i n  t h e  molecular composition of nuclear and cytoplasmic con- 
s t i t u e n t s ,  modification i n  the permeabili ty of the  c e l l u l a r  membrane, disturbancc 
of  endocrine funct ion,  in te r fe rence  with enzymatic act ion,  and formation of 
t o x i c  rad ica ls ,  such as peroxides, duo t o  t h e  i r r a d i a t i o n  of water within cellr 
Yicroscopically observed c e l l u l a r  changes a f t e r  i r r a d i a t i o n  include chromatin 
clumping or chromosome breaks, abnolaal c e l l u l a r  d i v i s i o n  and mitosis ,  changes 
In cytoplasmic granular i ty ,  abnonral s t a i n i n g  reac t ions  and gross  c e l l u l a r  
changes including swelling and cytolysis .  
temperature, oxygen tension, a c i d i t y  and a l t e r a t i o n s  In t h e  osmotic balance of 
the c e l l u l a r  environment a f f e c t  the  r a d i o s e n s i t i v i v  of certain tissuer and 
b io logica l  aysteme. 

&cent observations Tuggest t h a t  t h e  mechanism involved 

I t  ha8 been noted t h a t  changes i n  

I t  is planned t o  obtain more accurate i n f O N t i O n  regarding: 

JRDB POOW 11. 1 AR 1 9 4 7  
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( a )  The bas ic  mechanism of radiat ion injury.  

( b )  I.iaxirmim s ingle  and repeated doses of r a d i a t i o n  which may be t o l e r a t e d  
-;!ith reasorable safety,  coFrelated with physiological and c l i n i c a l  e f f e c t s .  

( c )  Hazardous doses xhich may cause some t e p o r a r y  or permanent damage, i n -  
cluding some casua l t ies  and possibly some deaths, but  which are accept- 
ab le  a s  m i l i t a r y  risks. 

(d)  Casualty-producing doses nhich should lead t o  evacuation from contaminated 
a reas  whenever possible.  

( e )  Toxicity of inhaled and ingested radioact ive mater ia ls .  

( f )  Effects of i r r a d i a t i o n  as modified by other  complications such a s  thermal 
radiat ion,  war wounds, i n f e c t i o u s  agents, and individual  and group sus- 
c e p t i b i l i t y .  

(g) Extent and nature  of in jury  by ion iz ing  r a d i a t i o n  from electromagnetic 
rad ia t ions  of d i f f e r e n t  wave lengths  and energies  and from d i f f e r e n t  
corpuscular rad ia t ions  of varying energies. 

(2) Pro~hslaxie  and Treatment of Radiation. Ef for t s  a r e  being i n t e n s i f i e d  t c  
i d e n t i f y  a biological  f a c t o r  which w i l l  promote recovery from rad ia t ion  injury.  It  
has  been establ ished t h a t  anoxia p r i o r  t o  i r r a d i a t i o n  and maintained during the  ir- 
r a d i a t i o n  period increases  t h e  survival ra te .  
as para-aminopropiophenone (PA€") methemoglobinemia i s  e f f e c t i v e  by producing a 
decrease i n  tissue oxygen. Likewise, such compounds a s  p i t r e s s i n ,  epinephrine, 
and serotdnin by vasoconstr ic tor  ac t ion  and r e s u l t a n t  anoxia provide protection. 
Many Bulfhydrgl compounds, such as eysteine,  glutathione,  and BAL have been found 
t o  increase the surpival ra ta .  In 
p a r t i c u l a r ,  s ignif icant  increase i n  the  surv iva l  r a t e  i n  animals has been obtained 
by sh ie ld ing  the  spleen, abdomen, adrenala, extremities, l i v e r ,  lungs, and head. A 
p r a c t i c a l  m i l i t a r y  appl ica t ion  of these f ind ings  has  not  been accompl? shed. 

I t  has been found t h a t  compounds such 

P a r t i a l  body-shielding has a l s o  been ef fec t ive .  

Pos t - i r rad ia t ion ,  it. has been found t h a t  a n t i b i o t i c s  of  var ious types admin- 

Cross circulation i n  dogs 
istered t o  d i f f e r e n t  experimental animals increase both the survival  time and rate .  
Transplantation of the  spleen has increased survival. 
---a - - - - = J - - . -  I- --L- ------1ae~-a -c+-w z r m a q m + q n n  nnnnnr t o  infllience r a d i a t i o n  
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( 3 )  U t i l i z a t i o n  of Ionizing -3adiation i n  Thera-sg and i n  Tracer and D i x -  
n o s t i c  Studies.  
replace x-ray and radium i n  the treatment of cancer and a l l i e d  diseases .  They may 
be used external ly  o r  in te rna l ly .  Studies  w i l l  be nade of thera;.eiitic value and 
d iagnos t ic  F o s s i b i l i t i e s  of d i f f e r e n t  radioisotopes and sources of ionizing radia- 
t i o n ,  

!hiadioisotoies a r e  now being eml;lo;red t o  aup;Aemont and occasionally 

because of t h e  extreme s e n s i t i v i t y  of de tec t ion  and t h e  uni4ue s p e c i f i c i t y  
of radioisotopes as "tags" they a r e  of tremendous value i n  ident i fy ing  c e r t a i n  ty2es 
of c e l l s .  They permit the study of count less  processes going on i n  the body which 
otherwise hould be obscure. Radioisotopes w i l l  be used t o  inves t iga te  these fund- 
amental processes and thereby assist i n  t h e  so lu t ion  of complex research problems. 

c. Subtasks: 

(1) k r w  Kedical Service Graduate School 

( a )  To study the  value of prophylact ic  an3 chemotherapeutic agents 
and var ious p,rotective measures which w i l l  a l t e r  or minimize i n j u r y  and mortal i ty  
from whole-body o r  partial-body i r r a d i a t i o n .  

(b) To study the  u t i l i z a t i o n  of radioisotopes i n  t r a c e r  and diagnost ic  
; , ro cedure s . 

( 2 )  A r m  biedical Fteseorch L a b o r a t o q  

(a) E f f e c t s  of Ionizing h d i a t i o n .  The e a r l y  e f f e c t s  of x- i r rad ia t ion  
damage are  being s tudied a t  the c e l l u l a r  l eve l  by meana of var ious histochemical 
end biochemical techniques. 

( b )  Enzyme, Endocrine and Metabolism Studies  i n  Total-Body I r r a d i a t i o n .  
The a l t e r a t i o n s  i n  the  a c t i v i t y  of var ious enzyme systems and i n  the funct ion of 
var ious  endocrine crgans of animals receiving total-body x - i r r a d i a t i c n  a r e  being 
s tudied i n  an attempt t o  determine e f fec t ive  pharmacological and chemical means 
of preventing the damaging e f f e c t s  of ion iz ing  radiat ions.  

( 3 )  Universitv of C w  - D r .  J. C a r r o t t  Allen 

Ioniza t ion  Effects .  To study the  e f f e c t  of ion iza t ion  on experimental 
animals and human subjects ;  spec i f ica l ly ,  l o c a l  i n j u r i e s  inc ident  t o  i r r a d i a t i o n ,  
f h i d  balance, hemorrhage and ipfec t ion  following i r r a d i a t i o n  with x-rays. 
t i o n s  w i l l  include pathological ,  physiological  and biochemical fac tors .  

Observa- 

( 4 )  Tulane Vniversi ty  School of Nedicine - D r .  C. E. Wlrch. 

Potassium metabolism as determined by tmuioac t ive  rubidium (Rb 8 6 ) .  These 
s t u d i e s  w i l l  a id  not  only  i n  the understanding of rubidium metabolism and rates of 
turnover,  but,  nhen cor re la ted  with the simultaneous measurement of ordinary po- 
tassium, w i l l  a l s o  ind ica te  the accuracy with w h  radiorubidium t r a c e s  potassium 
i n  the  body of man. These s tudies  w i l l  be of value i n  understanding the e f f e c t s  

5 M  
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of atomic rad ia t ion  on 

( 5 )  Iiatiorsll :.cat 

kspects of ionizing i b d i a t i o n  

the human body. 

g y  of .?ciences - D r .  Kebb FiaJyrnE ke r 

To conciuct a pathological study cf the  c e n t r a l  nervaiis s;-stem of 
i r r a d i a t e d  humans and experimental animals. 

(6) Ohio S t a t e  University ,+zearch Foundation - D r .  IAlton A. Less le r  

To study the e f f e c t s  of loa- ieve l  rad ia t ion  on the nucleus, cytoplasm 
and metabolism o f  nucleated erythTocytes. 

(7) iTniverr:itv of Pennsylvania - Dr. E. P. Yendergrass 

To study the  b io logica l  e f f e c t s  of atomic i r r a d i a t i o n  i n  man and 
animals. These s tudies  w i l l  include t h e  inves t iga t ion  on methods of  ac t ion  of 
radiatiori  on mammalian t i s x e s  a i t h  p a r t i c u l a r  refe-ence t o  protectior.  from t h e  
damaging e f f e c t s  of atomic i i-radiation. *=he e f f e c t s  of a v a r i e t y  of anoxic arid 
pharmacologic agents which a l t e r  rad ia t ion  s e n s i t i v i t y  w i l l  be studied. n 3 m i l a r  
human s t u d i e s  w i l l  be car r ied  out  for corTelation of the pro tec t ive  e f f e c t s  of the 
same drugs and agents. 

(8) Cedars of Lebanon Hospital - Dr. Teter  P. Sal isbury 

Dogs w i l l  be exposed t o  standard l e t h a l  dose of rad ia t ion .  :he t e s t  
animals will then be cross-transfused with normal dcgs. 
xi11 be varied: t i m e  i n t e r v a l  te taeen  i r r a d i a t i o n  and cross t ransfusion,  r a t e  of 
blood, amount of blood exchanged and age of animals. 

The following facto:.s 

d .  Other Informa-: None. 

e. Eackpround and/or firouress: 
been shown t h a t  dogs receiving aureoqycin had a lower mor ta l i ty  ?a te  than untreated 
animals. It has  been found t h a t  prepubertal  orchiectomy was murkedly pro tec t ive  
t o  mice i r radiat .ed during t,he pubkrtal  o r  postpubertal  period. The mortal i ty  r a t e  
fo l lowing  i r r a d i a t i o n  of puberally cas t ra ted  mice was restored t o  t h a t  of i n t a c t  
males by adminis t re t ion of testostErone. 

A t  the Army Medical S e m i c e  Graduate Tchool it has 

The A r q  Medical hesearch Laboratory found t ha t  pre- i r radiat ion intraperi toneal  
i n j e c t i o n s  of serotonin i n  r a t s  resul ted i n  a survival  r a t e  of 9%. 
mj).h n ~ ~ p , p m i n n n ~ h ~ ~ r ~ ~ r ~ - - -  ---I -->?---  2 1  ' '  . .  . Pretreatment 
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The Laboratory also r e p o r t s  t h a t  i n t r a p e r i t o n e a l  i n j e c t i o n s  of whole 
baby ra t  spleen homogenet.- s and whole baby mouse homogenates showed some 
p ro tec t ion  from i r r a d i a t i o n .  

Allen r e p o r t s  t h a t  t h e  f requent  adminis t ra t ion of f r e s h  blood t ransfusions 
f a i l e d  t o  improve the su rv iva l  r a t e  o r  t o  ameliorate  spontaneous bleeding a f t e r  
whole-body x - i r r ad ia t ion .  On the basis of h i s  experiments, it appears t h a t  a 
more caut ious a t t i t u d e  must be adopted toward the  use of f r equen t  blood trans- 
fus ion  alone a s  a thera!)eut',c measure i n  the  treatment of t h e  l a t e n t  .symptoms 
of i r r a d i a t i o n  in ju ry  i n  man. Allen has found t h a t  dogs whose heads had been 
shielded were g r e a t l y  protected rhen t h e  remainder of the body was exposed t o  450 r 
x-radiat ion.  

Sal isbury has been studying the  e f f e c t  of c ros s  t r ans fus ion  between normal 
animals and animals exposed t o  lethal doses of x-radiation. 
s t u d i e s  ind ica t e  t h a t  i r r a d i a t i o n  in ju ry  could be a l t e r e d  by a s i n g l e  cross 
t r ans fus ion  administered pos t - i r r ad ia t ion ,  i nd ica t ing  the exis tence cf some 
p r o t e c t i v e  substance o r  mechanism. 

H i s  preliminary 

f .  Future Plans: S t u d i e s  w i l l  continue. 

g. References: Progress rep0rt .s  of i nves t iga to r s .  
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Ionization Effects 

Dr. J. Carrot t  Allen 
University of Chicago 
Chicago, Ill. 

- BRIEF. The purpose of this work i s  t o  study in ju r i e s  incident t o  i r r ad ia t ion ,  
the  phyeiologic and blologio e f fec ts  following suhh i r r ad ia t ion ,  and the development 
of therapeutic methode t o  canbat i r rad ia t ion  in ju r i e s .  

BACKGROUND. T h i s  contract wae e f fec t ive  1 November 1947. The report  of December 
1950 gave d e t a i l s  of findings on i r rad ia ted  animals up t o  that time (exercise tolerance,, 
nu t r i t ion ,  anoxia, Infection, etc.) .  
are advantageous i n  the  treatment of radiat ion s i c h e s s  i n  dogs were negative. Differ-  
ences among laborator ies  regardbng roentgen doeages as they r e h t e  t o  mortal i ty  i n  dogs 
=de it seem that the only baeie f o r  c a p e r i s o n  was the  survival  r a t e  at a given dose; 
i.e., comparable eurvival figures f o r  dogs i n  the various laborator lee  ra ther  than on 
equal roentgen doeagee i n  each laboratory. From work on the r o l e  of infeat ion i n  radi- 
a t ion  injury it wae concluded that septicemia caueed by micro-organlams of en ter ic  o r l -  
g in  was largely reeponeible f o r  the death of mice i r rad ia ted  with the doses of x-ray 
used (IA report ,  30 June 191). A survival of 1Qk wae found i n  animal8 t r ea t ed  with 
whole-blood tranefueioas and aureomycin. The l a t e s t  information on blood transfusions 
and on the protect ive effeot  of heed ahie1d.e appears under PRCGRFSS, below, 

A l l  e f fo r t s  t o  e s t ab l i sh  that  blood transfusion8 

PROCRESS. ( 1  Nov. 1951 - 30 June 1952). 1. Protect ive Value of Lead Shields.  
As a result of s tudies  on 50 dogs it waa found tbat: 
s M d e d  by 1/16" o r  1/32!' of lead were great ly  protected when the remainder of t h e i r  
body wae exposed t o  450 r x-irradiation. 
tec ted  and the animal I s  given no medication, is unifDlmily fatal here. S ta ted  other- 
wise, a ehield permitting no* more tban 50 r penetration t o  the head and allowing 
430 r erpoeure t o  the remainder of t he  anba l ,  enabled 9C$ of the  animals t o  recover, 
whereas a l l  thoee receiving no head ehielding died. (b)  The animals which died despite 
head shielding exhibited the  findings charac te r i s t ic  of t he  unprotected i r rad ia ted  dogs 
reoeiving 430 r. 

(a)  Dogs whose heads had been 

"hie same dose, when the  head is  not pro- 

2. Blood h.anefUelan in l iTadiat ion Hemorrhage. Among the  post l r radiat ionrf ind-  
w e  oharacter ie t io  of near-lethal ( L D ~ o - ~ ~ o o )  erpoauree t o  ionizing rad ia t ion  are  
Bpontaneoue abnormslbleeding and anemia. Becauee of the praminenoe of thrombocyto- 
penia and a n d a  i n  the abnormal bleeding sydrome of i r r ad ia t ion  sicknees, it is  
natural t o  aseum tha t  the  frequent acldn.lstratlon of f reeh whole-blood taanefusions 
minht be of oonelderable therapeutlo value In the  control  or  prevention of thls type 



This i s  a study of the  therapeutic value of blood transfusion given, without 
ant ibdat iap,  t o  determine whether t h i s  prooedure w i l l  prevent i r rad ia t ion  hemorrhage 
and/or improve the survival  rate i n  the  X-irradiated dog. 
I n  many respects  i t s  response t o  total-body i r r ad ia t ion  Is simllar t o  man'6. 
animal d i f f e r s  i n  1 Important respect i n  t h a t  iB blood types are much l e s s  well  de- 
fined. The reeul te  obtained from transfusion alone were the reveree of those a n t i -  
cipated.  

The dog was chosen because 
This 

One hundred and seventy-three dog8 were exposed t o  s ingle  doses of total-body 
x- i r radiat ion a t  the following dosage levels :  175, 225, 275, 325, 375, and 450 r .  
The animals were divided in to  2 groups; oie group of 101 doge served as controls,  
and the  other group of 72 wae transfused with c i t r a t e d  fresh whole blood 3 t h e e  
a week beginning on the  4th poet i r radiat ion b y .  
administered on each day the ani1 was transfused. 
a.nl.mil received a volume of blood equivalent t o  the  amount withdrawn f o r  study duet 
pr ior  t o  each transfuelon. 

Five d /kg  of body w e i g h t  wae 
I n  addi t ion t o  this blood the 

No other treatment wae administered. 

From this study it was concluded that the frequent administration of f resh  
blood transfuelons without an t ib io t i c s  i n  dogs f a i l e d  t o  improve the survival  rate 
o r  t o  ameliorate spontaneous bleeding after exposures t o  t o t a l  body x-fadiation, 
~ 5 0 - I S l o o ) .  
the  use of frequent blood tranefusion alone as a therapeutic measure i n  the  treat- 
ment of the l a t e n t  symptoms of i r r ad ia t ion  in jury  i n  man may be Indicated. Theee 
data do not r e l a t e  i n  any manner t o  the  w e  of blood i n  the  treatment of shock in-  
oident t o  the ear ly  b lae t  e f f ec t s  of an atomic b e b t ,  or  t o  blood needs i n  anoxic 
a n d a ,  where the therapeutio importanoe of adequate blood and p l a s m  transfusion 
is soundly established. 

On t he  basis of these experiment8 a more cautious a t t i t u d e  toward 

-- 

3.  Blood Transfusions and Aureomycin. More recent s tudies  on 53 i r rad ia ted  
dogs Indicated that: (a) Blood transfusions given alone 3 times a week are of no 
dsmonetrated benef i t  i n  doge exposed t o  375 and 450 r. AnimSls reoeiving aureo- 
mycln alone also showed no benefifi a t  375 r or 450 r. The possible exception of 
a minims1 benef i t  of whole blood t ransfue lma oombined with aureamyain therapy s t i l l  
pe r s i s t s .  
who obtained some benefi t  when complete exchange tranef'usians were performed within 
a few hours a f t e r  I r rad ia t ion  exposure. 

(b) These data are not t o  be oompared with t h e  reports  of Salisbury e t  al . ,  

4. ExperienQe with Transfieion8 of P l a t e l e t  Concentrates i n  DOW Receiving 
430 r Tota l  Body I r rad ia t ion .  
k days after a turpentine abscess w a s  produced, 
out and sequestriene w a s  ueed as the  antiaoagulant. 
centrifugation it was possible t o  recover approxFmstely 30% of the  p l a t e l e t  from the 
donor dogs. 
Irradiated dogs exposed t o  450 r x-radiation. 
l e t  concentrates intravenously beginning between the  5th and 7 th  
unt i l  t he  animals' deaths. 
the  p l a t e l e t  count from i t s  thrombooytopenic l e v e l  t o  near normal aoncentrationa. 
In s p i t e  of t h i s  a l l  a n b d l s  died, as did t h e i r  controle.  
survival  time. 
p l a t e l e t  transfueions but not returned t o  nonnal. 
p l a t e l e t s  t o  re turn  his platelet count t o  a normal leve l ,  the  number of p l a t e l e t0  
rap id ly  dlaappsared and In  24 t o  36 houre the  pre-existing profound thrombocytopenia 
w a s  again preeent. 

P l a t e l e t s  were col lected by exsanguinating donor dogs 
Si l icone teohnique was used through- 

By sedimentation and d i f f e ren t i a l  

These were prepared daily and administered ae  daily transfusion8 t o  7 
The recipiente  were given the p la te -  

and continuing u! 
The number of p l a t e l e t s  given were suf f ic ien t  to  r a l ee  

There wae no incrsaee i n  
The whole-blood c lo t t i ng  time wae reduoed t o  erne extent following 

When an -1 received eufficdbnt 
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&am this study it may be concluded that (a)  P la t e l e t  cnnoentrates can be 
given i n  euf f lc ien t  quant i t iee  t o  re turn  the p l a t e l e t  count of the I r rad ia ted  dog 
Fram hie  thrabooytopenic levels t o  normal levels .  
a t  l eae t  2 aninale a day f o r  each day each i r rad ia ted  a n i m l  was trgrnsfused was re- 
quired t o  obtain a su f f i c i en t  number of p l a t e l e t s .  
ceiving 10 p l a t e l e t  t ransfuelom, more than 20 donor a n i m l a  were eacr i f lced f o r  
t h i s  experiment. ( c )  A cireduction i n  the  extent of hemorrhage was obtained by 
p l e t e l e t  transfusions but t h i s  i n  turn  had no ef fec t  upon the mor’bbbity e i the r  
i n  terms of r a t e  o r  in  terms of survival. 

(b) The en t i r e  blood volume of 

In the case of the anirml re- 

5.  S m m r y  of I r rad ia t ion  Studies t o  Date, ( a )  Does b x k  ehieldlng of the  
head of doge by lead and then exposure t o  450 r increase the survival rate and 
time? Yes. This i s  the  most striking phenomenon and may form the bas is  upon which 
eome protection from i r rad ia t ion  injury may be planned. (b) I6 the  frequent a w n -  
i s t r a t i o n  of whole-blood t ranaf ie iombeneficial  i n  extending the  l i f e  of the dog o r  
i n  reducing the mortal i ty  f’rom t o t a l  body I r radiat ion7 ( c )  I6 aureomyoin alone 
and given at in te rva ls  twice a day commencing with the day of  i r r ad ia t ion  benefiolal  
in extending the  l i f e  of reducing the mortal i ty  rate i n  the  450 r and 375 r exposed 
doge? 
evidence of a 
blood transfusions beneficial  i n  reducing the  mortal i ty  rate o r  i n  prolonging the  sur- 
Viva1 tlme i n  the  450 r or 375 r exposed dog? Three of 21 animals eo treated survived 
rece ip t  of whole-blood tranefueion 3 times a week and aureamycin twice a day following 
i r rad ia t ion .  
hundred controle. (e )  W i l l  p l a t e l e t  ooncentratee given In quant i t lee  suf f io ien t  t o  
maintain the p l a t e l e t  count vikhin near normal range influence the survival  rate or  
the survival period i n  the  450 r dog? The anaver eecuns t o  be no, although only 7 
enFmals have been etudied. Some reduction i n  hemorrhage vas observed, but  t h i e  had 
no influence on the  survival time. ( f )  Are trenefuslona given 3 t h e e  a week bene- 
f i c i a l  when administered t o  animals which have received lover levels of erpoeure? 
The answer is no. 

No. 

There vas no evidence of a reduction i n  mortal i ty  r a t e  although there  wa8 eamd 
s l igh t ly  increased survival time. (d)  Is aureomyoin oombined with whole- 

A t  450 r and without any treatment there  a r e  no aurvivore i n  aeveral  

6. Homologoue Serum Jaundice and I t d s  Relation t o  Methods of Plaann Storage. 
Obessvaticma over a numb-or of yeare ( a t  University of Chicago Clinice) regarding 
the  danger of hepa t i t i e  frcm transfused s tored plaema have shown that:  ( a )  b o -  
phil izat ion,  freezing, and refr igerat ion,  almost exclusively employed i n  the  pre- 
servation of plaama, are a l s o  the  m e t  eui table  meane avai lable  f o r  the  preserva- 
t i o n  of virue ac t iv i ty .  A s  long as theee methods axe employed f o r  the  etorage of 
plaean, it is imperative that pooled plamua be s t e r i l i z e d  i n  BQPO manner before 
euoh storage procedures are i ne t l t u t ed  i n  order t o  reduce o r  abviate  the trouble- 
eomd incidence of hamologoue serum jaundice *om pooled plaaxk. 

l b )  No virua is hown t o  survive prolonged room temperature i n  a ce l l - f ree  
In  the  University of Chicago Clinlca,  vhere l iqu id  state without preeervativee. 

plaema has been etored at  high room temperature f o r  a period of 3 t o  12 months be- 
fo re  use, it appsare doubtful that any pat ien t  has contracted homologous serum 
Jaundice f’rom t h i s  plasnm. O f  864 patients here given units of pooled plasma etored 
in  the  l iqu id  e t a t e  at 78 t o  g@F. f o r  3 manthe or  longer, 3 a r e  known t o  have con- 
t raoted homologoua e e m  Jaundloe, The eource of infootion i n  theee pat iente  seemed 
more l i k e l y  due t o  the  blood received by 2 of them o r  t o  the  lyophilized plasma o r  
blood given the  3rd pat ient .  
wae lmown t o  have kd latent Jaundloe. 
t l v e  value and is ramarlcably Free of elsmente caueing untoward reactlone.  

None of t h e  212 pat ien ts  here who received plaema alone 
Thie plasprra appears undiminished i n  It6 nut r l -  
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( c )  ming t h e  erne period, a t  learnt 14 and probably 16 o r  17 of 6,503 patients 

receiving only refr igerated whole blood transfueiona manifested la ten t  jaundice typioal 
of the hamologoue aerum jaundloe ayndmme. 

Allen, J. G., hbulder, P. Y., and Enereon, D. M. J., ( I r radiat ion)  2. Am. Mod. 
ABBOG., 145, 704 (1951). 

Allen e t  g., (plasma and Hepatit le):  2. Am. Mod. Assoc., November 25, 1950, Vol. 
144, pp. 1 0 6 1 0 7 4 .  
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BRIEF. 
r u b i d i n b  4. 

BACKGROUND. 
e a r l i e r  contract  was summarized here i n  December 1951 under 6-64-12-12. 

Turnover s tudies  of potassium metaboliam by means of R b s  began l a s t  Auguet i n  2 
control  human eubjects and 2 subjects  with chronic congestive hear t  f a i lu re .  
a f t e r  intravenous in jec t ion  of the radlorubidiwn, rapid col lect ions of blood and urine 
were made so that the immediate €oncentration-time course i n  red blood cells, plasma, 
and urine could be studied. Collections were made d a i l y  of a l l  excreta passed and of 
blood f o r  about 6 weeks. 

and followed f o r  60 days. 

then samples of blood and urine were col lected a t  a rapid r a t e  for the 1st 2 hours and 
than a t  longer In te rva ls  u n t i l  the  K@ decayed to radioactive l eve l s  too low to permit 
accurate counting. The subjects were studied f o r  about 8 weeks u n t i l  the  R b s  reached 
l e v e l s  I n  the urine and blood which were near background. O d i n a r g  C1, Na, and K were 
measured in their blood and wino. 

e objective is  t o  study potassium metabolism a s  described by radioactive 

This contract  was effect ive 1 June 1951. Sow pert inent  work under an 

IpmKtdietely 

One addi t ional  control and 2 mre chronic congest ve heart 
f a i l u r e  cases were t rea ted  by the  same procedures when a new shipment of Rb k arrived 

Analysis of data  appears under PIUXFES. 

Inject ions of R b s  and K@ were made simultaneously by means of the same sgringe; 

PFOGRESS. 
the  related elements, rubidium and cesium, i n  an isolated system composed of human ce l l s .  
Human whole blood w a s e i n t a i n e d  under simulated physiologic conditions in-vitro,  and 
the isotopes, KG, Rb , a d  Cd34, traced the movements of the respective elements. 
It was possible t o  rneakure the p a r t i t i o n  of these elements between the erythrocytes and 
plasma, tho speed of t h e i r  t ransfer  across red cell membranes, and t o  some extent  the 
mechanisms of t h i s  t ransfer  in to  and out of ce l l s .  Red c e l l a  metabolized potassium and 
rubidlum i n  iden t i ca l  fasMnn, within the limits of measurement. 
nand, although qua l i t a t ive ly  similar t o  potassium and rubidium, showed important 
quant l ta t ivo differencea. 

than double the potassium =change rate (Ic62) of red ce l l s .  
a ture  of t h i s  mgnltudo produce much smaller changes on s t r i c t l y  physical  processea 
such as diffusion across membrane@, t h i e  finding ind ica tes  that chemical reactions are 
involvod i n  the transfor of potassium into a d  out of the  red co l l s .  
ehcmed that a similar procesa Is involved in the t ranafer  of rubidium and ceslum. 

These experiments were aimed a t  comparing metebolism of potassium and 

Cesium, on the other 

Other workers have shown that a 100 C rise i n  insulat ion temperature rill more 
Since changes i n  temper- 

These experiments 



These f indings indicate t h a t  K'.2, Rbs,  and C s 1 %  are metabolized s imilar ly  by human 
otassium i n  t h i s  par t i -  red ce l l s .  

cu la r  human ce l l ,  it i s  suggested t h a t  under some circumstances Rbb (a 19.5 days) might 
be used sa t i s f ac to r i ly  to  give qua l i ta t ive  and semiquantitative information about potassium 
metabolism d e r  conditions where K U  is unsuitable beoause of its 12.4-hour half-life. 

Since no difference was detected between rubidium and 

P a r t i a l  analysia of the &-* experiments using K42 and R b s  simultaneously i n  man 
suggests that although lubidium and potassium appear to be metabolized i n  a s imilar  mnner 
by the  red blood c a l l ,  there  a re  differences i n  the spec i f i c  a c t i v i t i e s  of these 2 elements 
i n  other  areas, namely, the urine and blood plasma i n  the  i n t a c t  man. 

Analysis of data  from studios using C 1 3 6  i n  humans indicated that there  e x i s t  dis- 

, 

crepancies between the chloride space determined by the isotope d i lu t ion  method and those 
which may "actuallym exist. These di f fe renme are conceivably due t o  the sequestration of 
tracer i n  compartments which a re  not f u l l y  exchanging with the sampled compartment. 
discrepancies in space determination lead t o  s imilar  discrepancies i n  the determination of 
the " total"  body e lec t ro ly te  by the same method. The numerous var ia t ions which may occur 
among the compartments of the t racer ,  non-tracer, and water have been demcribed. 

Tho 

I 
L 

-0 FUTURE Studies on red c e l l s  are continuing, using C1x to compare ohlorido behavior 
with Rbs,  KU, and IIa22. 

-9EFBIGNCES: Burch, G. E. & al-., mEstimation o f  the Time of Equilibrium of 
Distribution of Long-life Radiochloride and hdiosodium i n  Man wlth and without Congestir. 
H e a r t  Failure," Acta Iled. S c a d ,  sr329-341 ,  1952. 
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Report Date 30 June 1952 

Analye18 of Indi rec t  Effect  of Radiation 

I&. Peter  F. Salisbury 
Cedar6 of Lebanon HoepIW 
b e  Angeles, California 

- BRIEF, The aim of this study I s  t o  determine the e f f ec t  of crose-transfieion 
between normal animals and animals exposed t o  iethal doees of i r rad ia t ion .  

BACKGROUND. 
appear under PR-, 

This  oontract  wae e f fec t ive  1 February 1952. The results reported 

PROCRESS. Preliminary etudies In t h i s  laboratory indicated tbat i r r ad ia t ion  
injury,  a s  measured by t he  c l i n i c a l  condition, the hemgram and mortali ty,  could be 
altered by a single ocoss-transfision procedure administered after imadia t lon .  

Control Stbdiee. Twenty-fire selected adul t  mongrels exposed t o  45Or t o t a l  
body I r rad ia t ion  showed a mortali ty of 95% i n  a 30-day period. 

after i r r ad ia t ion  shared a mortal i ty  of 27$, aeaooiated with lmprovament i n  the c l i n i -  
c a l  state of the  Bnimal~ (increaeed physical ac t iv i ty ,  better food conamption), Im- 
provement i n  the  heraatologic picture ,  and a coneplcuoue reduction of hemorrhagic and 
infect ious llYrnifeetations. 
protective e f f ec t  of cross-transfueion i n  rad la t lon  disease. 

Croas-Tramfieion Experiments, Twenty-two dogs crose-transf'used vithin 4 hours 

The reeul te  a r e  fur ther  evidence of the  existence of a 

Studies of the  Nature of the Protective Subetanoe. I n  order to determine t h b  
nature of the substance [ e )  resDonelble f o r  the protective e f f ec t  it is neoeseary t o  
determine whether t h i s  e f f ec t  ii linked t o  the t ranefer  of 
occur8 during a cross-tranefusion proaedure. 
humoral fac tors ,  croes-dlalyaie - the d i a lys i s  of blood a w l n s t  blood - le conaidered 
a logica l  experimental procedure. If the  protect ive e f f ec t  is found not  only after 
croes-transf'usion but a l s o  after cross-dialyeis it would then be assumed t h a t  the 
protective pr inciple  I s  a molecule which can d i f fuse  through a cellophane membrane. 
Such a finding would be a l l  the  more important because it would make it easier t o  
i so l a t e  and ident i fy  the protective subatance. 
or  the  bone marrow of mice, is  avai lable  i n  large quant i t ies  as a r a w  material frm 
which t r a c e  molecules may be ieolated.  

ce l lu l a r  elements which 
I n  order t o  separate ce l lu l a r  from 

Blood, ae d i s t i n c t  from t he  spleen 

When 6 cross-dlalysea were performed on irradiated doga a suggestive proteotive 
e f f ec t  was observed i n  aome instances. 
irradiated animala nere also done; the r e s u l t s  were inconclueive and not e t a t i e t i c a l l y  
s ignif ioant .  
e f fec t ive  dialyser must be obtained and the  available equipment perfected. 

Infusions of dialyeate  f h m  n o m 1  dogs in to  

It waa decided tha t ,  before further experiments are performed, a more 

The need f o r  a more ef fec t ive  dlalyaer i s  explained by theore t ica l  ooneiderations. 
A l-ge mole- The protective substance may well be a r e l a t ive ly  large molecular wei&ht. 

cule w i l l  migrate thmugh a cellophane mebr8.m at a verg -11 rate. If such a hypo- 
thotical molecule l e  to ba transferrad f'rcln the blood of a donor, where it is  present 
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in minute amounts, to the blood of the test animal, where it may have been destroyed 
by ionizing radiation, very prolonged cnntact of the blood with a very large membrane 
area will be required for the molecule to be trandtted in suffioient amounts; hence 
the need for a dialyser with a very large cellophane area and other special character- 
istics. A device now amillable is considered very adequate for oboes-dialysis; this 
mach-lne has a maximum cellophane surface of 42,000 sq cm and a mximUm blood flow of 
400 CG per minute. 

Hemorrhagic phenomena are responsible for a large proportion of the morbidity 
and mortality of irradiat!$d.munmnls. 
in heparinized animals. 
msle with anticoagulants, because this may increase the incidence and severity of 
hemorrhagic phenomena due to radiation disease. 
to invent and develop means of cross-dialysis which would obviate heperinization of th 
the experimental animal. 
from a dog in a cannula, and to neutralize the heparin in the withdrawn blood before 
this Is returned to the animal body. 
stages, 16 ready for initial testiw. 

At present cross-dialysis oan be performed only 
It seema particularly inappropriate to treat irradiated ani- 

Therefore, it would seem desirable 

Equipment was made to heparinize blood as it I s  withdrawn 

This equipent, still in the developmental 

Cross-@lysis was developed to exclude the role of formed elements in the 
causation of protective effect. In a multiple-layer tspe dialyser wcaeional leaks 
occur between the 2 compartments, which transfer amall nunibere of cells between the 
compartments and thereby vitiate the experiment. 
when 1 compartment is filled with blood and the other with dialyzing solution, but not 
when both cmpartments are fllled with blood. 
of amal l  leaks between the 2 compartments is needed. A tracer substance suoh as Evans 
Blue (T 1814) o m  be injected into the donor animal, and a monitoring device, such as 
a photoelectric unit sensitive to blue light, will detect the dye’in the blood circuit 
of the irradiated animl. 
sidered. 

These leaks are detected easily 

A method for the Instantaneous detection 

The design and availability of this equipment have been con- 

Cross-transfusion exerts a protective effeot, yet there is a certain mortality 
in irradiatbd dog6 treated with thls prooedure. 
blood pumps is considered to destroy a 611~11 percentage of the platelets and leuko- 
cytes in the blood. Would an improved cross-transfusion pump, which does not need 
heparin and which does not aestroy formed elements, Improve the mortality ratio? In 
order to ansver this question it is neceseary to have Improved equipment for cross- 
transfueion and for blood pumping in general. 
blood comes in oontact only with plastic material. 
ed by about 7 6 ,  the pumping action w i l l  be gentle and amooth, and the measurement of 
the transferred volumes w i l l  be as precise as in the present machine. It is expected 
that the new cross-transfusion device will not only be non-hemolytio but also will not 
destroy significant numbers of platelets er leukocytes. 

Cross-transfusion with the available 

In such equipnent now under construction 
The blood oirouits will be shorten- 

FUTURE. Before the new apparatus can be used in cross-dialysis it must be tested 
for mechanical performance, clearance, and for its influence on the blood pressures of 
normal dog6 whose blood will be passed through the 2 oompartments. It will be ready for 
use only when it he- been found free f r c a n  undesirable side effects, such as hypoteneive 
or febrile reactions. 
the device for extracorporeal heparinization will be used in onnjuotlon with it. 
cross-tramfusion devioes will be ueed as eoon as they are ready. 

When the procedure for cross-dailyeis is developed and standardized, 
Improved 
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Effects of Irradiation 

Army Medical Research Laboratory 
Fort mor, Kentucky 
Early Effects of Ionizing Radiation 

- BRIEF. The alm of this work is to etudy the 1st effects of x-irradiation 
damage at the cellular level by various histochamlcal and vital-staining techni- 
ques, and to correlate theee results with findings on total-bbdy irradiation. 

BACKGROUND AND FROCRESS. Protection. Cysteine has been shown to Influence 
the effects of x-rays on nuoleic-aoid metabolism. 
on nucleic-acid formation is restricted to some degree In the cysteine-treated ani- 
mals. 

The inhibiting effect of x-rays 

The possible protective effect8 of ferritin and reticulose a r e  being studied. 

Cobalt-protection etudies were continued,vith particular attention given to 
methods of administration, influence of time intervals, etc. 

Tetrazolium salts, wUbh proteot when given before Irradiation, were further 
Investigated to determine whether any epeoiflc vital organ was involved. 
studies have so far shown no alteration In enzymic activity. 

Liver 

The implantation of whole rat spleen into rats after irradiation afforded no 
protection but the intraperitoneal InJeotion of whole baby rat homogenate into rats 
after being irradiated (e) afforded some protection as judged by survival times. 
Wuole mouse embryo homogenate gave no protection but whole baby mouse hamogemte 
ehoved some little protection. 

Effect of Irradiation on Mitotio Activity. The effects of soft  and hard x-rays 
The effects on on the structural changes in the  cornea of the rat were studied. 

mitosis previously reported bere not altered by using rats of different agee or 
strains nor by ehielding various parts of the body. 
while cyetsine e v e  slight protection. 

BAL afforded no protection, 

Combination of Ionizing Raddatlon and Thermal Burns .  Mice treated with combi- 
nations of t h e m 1  burn8 and x-irradiation died earlier and in greater numbers than 
those receiving x-irradiation only. 

FUKIRE. Experiments witn oobalt v i l l  be cont?.iued and extended. Ferritin 
and retloulose etudiee will be done in ocmbinatlon with blood studlee In an attempt 
t o  shed light on the question of vhether a humoral or a ( t l lular factor is reeponsible 
for the effeote noted with tissue hamogehatee. 
possible, ~ ~ o h ~ c 8 l l y  on a cellular level. 

The tetrakles will be studied, If 

The early effeots on the mitotio ohanges in the rat cornea vill be oorrelated 
with dosage level8 nnd vrr loue chdoal proteoting sgente. 
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The method of Pelc (radioautopapha of single oells with 32) w i l l  be applied 
t o  special  i r rad ia t ion  problems on c e l l s ,  t o  determine the  in t e r r e l a t ion  of chemical 
and morphologic changes; i .e . ,  the Feulgen reaction. 

Studies on long-period, low-intensity, total-body i r rad ia t ion  were begun and 
w i l l  continue f o r  12 or more months. 

Effect  of I r rad ia t ion  on Single Cell Organlama 

BRIEF. Studies a r e  being made on unicel lular  organiems i n  order t o  obtain an 
uncompliaated picture  of c e l l  damage and possible adaptation t o  i r r ad ia t ion  and other 
stresses. 

BACEROUND AND PROCRESS. Extenelon of inveetigstions on the e f f ec t  of irradi- 
a t i o n  on single-celled organisma led t o  the following observations. 

Heavy doses of u l t r av io l e t  l i g h t  caused a stimulation of the  endogenous m e t a -  
bolism, a e  measured by the rate of methylene blue reduction, i n  yeast  c e l l s  (+- 
cbaromyoes cerevis iae) .  
is  a f h c t i z n u t  only of c e l l  age but a l s o  cif the  carbon source used f o r  c e l l  growth. 
The a b i l i t y  t o  st imulate endogenous metaboliem h e  been sham not t o  be confined t o  
u l t r av io l e t  l i gh t  alone. 
far from inhib i t ing  methylene blue reduction, ac tua l ly  produced a manifold s t h u l a t i o n  
of the  endogenous metabolism. 

There m e  indications t h a t  t he  extent of this s t h u l a t i o n  

Heavy doses of so f t  x-rays (250,000 r) on i n t a c t  yeast  00118, 

Ultraviolet  i r rad ia t ion  of an i so la ted  c rys t a l l i ne  enzyme, aloohol dehydrogenase, 
containing oxidizable sulfhydryl groups, resul ted i n  a rapad inactivation. I r rad ia t ion  
of the  e n z p  with v i s ib l e  l i g h t  after expoeure t o  u l t r av io l e t  resu l ted  i n  f'urther in- 
act ivat ion.  I n  contrast  t o  the purif ied alcohol dehydrogsnaee, t h i e  enzyme when i n  the 
i n t a c t  yeast  c e l l  suffered no s igni f icant  lose of a c t i v i t y  a f t e r  I r rad ia t ion  with u l t r a -  
v io l e t  l i gh t .  

FUI'URE. An inveetigation i n t o  the nature of the endogenous mater ia l  which 1s 
being oxidized r f46r  u l t r av io l e t  and x- i r radiat ion is contemplated. 

Enzyme, Endocrine, and Metabolism i n  Total-Body I r rad ia t ion  

BRIEF. The Rlteratlona In the a c t i v i t y  of various enzyme sjrstema and i n  the 
function of varioue endocrlne wgans of animals receiving total-Body x- i r radiat ion 
a r e  being studied t o  deteimlne e f fec t ive  pharmacologic and chomicalmeans of pre- 
venting the damaging effecte  of ionizing radiat ions.  

BACXCROUND. Studies on the biochemical change6 i n  various organs and t isouee 
produced by total-body x- i r radiat ion were reported In  the laflt 3 issues.  

L ' o r r o l n t i c n  ? s t s e e n  T i s  sue t'xweli rcri . and it&ntion b i c k n e u .  
PROGRESS. A R R t s  were eubject,(rd t o  a doeage of%% r ,  giving a 28-day survival 

r a t e  o ' m $ .  Serotordn (5-hydroxytryptaminc), a t  a dose l eve l  of I+ ng,/kp_ I m d y  r re ight  
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before x-ray exposure, producing mthenso'globin levels of YO to 78$, resulted in 
28-day survival rates of 94 and R;6, respectively. 
propiophenone at ti dose level of 6 mg/kg or with sodlum nitrhte 60 ing/kg, p roduc iw  
methemoglobin levels of 52 to 56$, resulted In 28-day eurvival k'ates of 47 and g@, 
respectively. 

Pre-treatment with para-amino- 

The protective effect elicited by serotonin (20 mg/kg)  is assumed to r e a u l t  
Brom the vaeoconstriotor property of this agent,causing a transient tissue anoxia 
in a m e r  similar to that of epinephrine (Gray, et al., proC. e. EQ. Biol. 5; 

&de, 79: - 3 a j  1952).  

The protective effect of methemo~lobinemla at certain concentrations probably 
is caused by a decreased supply of oxygen to the tissues which reriders them anoxic. 

The findinge on the protective action of serotonin and para-aminopropiophenone 
a&nst radiation seem to substantiate the concept of a relationship between tissue 
oxygen tension and radiosensitivity. 

FUTURE. This subtask will be terminated as such and studlee on orotection 
contin-der the 1st subtask, Early Effects of Ionizing Radlation. I_ 

REFERENCE. "Protective Effect of Pitressin and of EnineDhrine Anainet Total 

Quantitative Studlee on the Effects of Non-Ioniziw 
Radiation on the Skin 

BRIEF. Quantitative studies of the spectral reflectance of the akin a r e  being 
made in order to evaluate the effects of ultraviolet radiation in producing erythemaa 
and tans, and to determine the ultraviolet absorption by the s k l n .  

-- MCKGROUND NjD PROCFES. Sunmarlea on the spectral reTlectjrlce Of willto AIIU 
Negro skin ?Jetween 440 and 1000 npl and on the absorption of' hunri;, a k i n  hetween 44" 
and 1000 q for b.lack body radiation at various color teiaperatiirt-o vere given i.n d . U l i 6  

1951. The effects of ultraviolet radiation on certain ardno hzlAu vere i . e p r t a 6  h 8 t  
quarter. 

Collection of additional reflectance data 011 wh1t.a ami ;4c;LL,t:; z'.;.in (iriie L .' i 'e -  
-%le), in order to establish a uniform statlEtiCfi1 b68j.e L ' I J ] '  r.?ic. T' i<::ji: .sol.cr& t i l i l .  

%lie 2 sexes, wlll be continued in September in order tc; oLthj.ri ~ i i , ~ '  :;.-,~ip:r&ble T.O 

them already collected with regard to t h e  eeaemal fcroi,4;~a. 



whlte r a t e  w i l l  develop a blister with r e su l t i ng  mar formation. 
energy neceseary t o  produoe these e f f ec t s  a t  300 "91 wee determined. 
lengths were tried. 

The minimum 
Other uave 

FUTURE. Theoretical  study w i l l  be undertaken t o  determine whether a method 
developed i n  1931 by Kubelka and Munk can be applied t o  es tab l i sh  a quant i ta t ive 
r e l a t i o n  between the  concentration of the  pigment and the  resu l t ing  akin color. 
More data i n  the  1,000 t o  1,360 mp r u e  w i l l  be col lected t o  extend the  knowledge 
of the re f lec t ion  and abeorption propertiee of the  ekin under varied pigmentatione. 

I r rad ia t ion  experiments w i t h  hm amounte of energy and meaeuremente of the  

Animal experhente  w i l l  be made t o  inveetigate factore  
reeul t ing  akin color changee and of their  time couree will be begun. 
melanin w i l l  be continued. 
euch ae blood ciroulat ion,  cold, heat, e tc . ,  which influence the  W erythema and tcu 

"Spectral Reflectance of White and Negro Skin Between 440 and 100( 
np," J. Applied Phyeiol., - 4;800, 1952 (taken f r a n  AMRL Report 6-64-12-08-(2), 1 b y  
1951): 

Studies on 

RFTEEUWCE. 

Biophysical Study of Burns 

- BRIEF. Speotral  reflectanoe etudies a r e  beirq extended t o  Include the  near 
u l t r av io l e t  and the inf ra red  radiat ion8 i n  order t o  evaluate time-intenelty re-  
la t ione  t o  t h e  degree of akin. -e. 

BACXGROUND AND PROCRESS. A e a - q u a n t i t a t i v e  ref lectanoe etudy wae made of 
animal akin before and f o r  3 t o  5 daye following expoeure t o  thermal energy, by 
means of t he  G.E. recording apeotrophotometer. 

The production of an erythema, with a reeul t ing  blanohing of the akin eurface, 
involves an increaee of the  ref leotance values throughout the  range 400 t o  TOO m)l; 
however, when oharring of the skin eurface ocoure a decreaee i n  the  akin reflectance 
values reeul te .  An increase i n  the expoeure temperature fran 230 t o  300u C. hae a 
greater influenoe on the  color of normrl guinea pig and rabbit  akin than does an in- 
creaee i n  the  time of expoeure from 5 t o  10 eeconds. A t  temperaturea of 2300 C. and 
above, with expoeure time of firnu 5 t o  10 eeoonda, a oharring of the  akin eurface 
reeul te .  The uee of depilated a n b a l e  wae found t o  be j u s t i f i e d  since no differ- 
ence could be found spectrophotometrioally i n  the  akin colore of f "Ty and hitless 
mioe. 

F'KRJFU. The inatrumentation w i l l  be perfected aocording t o  experienoe gathers 
from the N a v a l  Radiological Defenee Laboratory, San Franoieoo, and then recalibrated 
wi th  the  themooouple reoently cal ibrated a t  the  National Bureau of Standards. 
improved ehut ter  i e  under oonatruotion. 
control led condftione w i l l  be under t rbn .  

A n  
Heat ervthema and burn experlmente under 
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Army Med Sv Grad School 
Walter Reed Army Medical Center 
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BRIEF. The objective in the 1st 2 groups of tests described is to explore - 
diagnostic and therapeutic uses of radioisotopes. 

I. 1131 

BACxlcROUND AND PROCRESS. Clinical Use  of 1131. 
144 patients have been studied using 1 or more of a battery of diagnostic procedures 
following the oral administration of a tracer dose of radioiodine. 

Serial determination8 of 1131 uptake have been made during 
the past year in 175 patients, observations htlng been made at 24, 48 and 72 hours 
following administration. This waa undertaken in order to assess the rapidity of 
release of newly formed thyroid hormone In a variety of chemical conditions. 
thyroidal states in which release of newly formed hormone is accelerated, it is to 
be expecteC that the curve of 1131 uptake will turn downwards at a relatively early 
interval. Where release is slow the time at which the curve turns downward should 
be delayed. Normel thgpid function ehould show curves which lie intennediate be- 
tween these 2 extremes. Measurement on 3 successive days permits definition of the 
time interval required for release of radioactive hormone f rom the tki'oid gland to 
exceed new formation, of radioactive harmone.@mlysie of tho data reveals that in 
the patients in whom the release of thyroid hormone would empirically be expected 
to be accelerated the values at 24, 48, and 72 hours ehow a progressive decline. 
normals the pattern has been 1 of either a continuous increase during the 3 - b ~  period 
or an increase in the 1st 2 days with a turn dovrnrard.8 in the 3rd day. 
that the differences between these 2 types of normel curves may repreeent normal response 
of the thyroid gland to changes in environmental temperature is being investigated. 

From 1 April to 20 June 1952 

Three-day Slopes. 

In 

In 

The possibility 

Butanol-extraotable Radioiodine, Methods have been devised for the yuantitation 
of the serum concentration of butanol-extractable radio-active iodine following tracer 
doses of this isotope. T h i s  material le than- to kepresent Il3l-tagged thyroid hor- 
mone. Control studies using radioactive thyroxine, radioactive iodine, and iodinated 
human serum albumin reveal that the method doee indeed measure radioactive thyroxine 
and thyroxine-like material In the serum. By 31188118 of synthetic radioactive thyroxine 

. _  - .  - h- 



serial study of thproid honnone metabolism in single patients. 
poesible to investigate the state in which thyroid honnone is transported in the 
blood. Ultracentrifugal studies have been carried out, as well ae studies of the 
radioactive hormone content of various serum protein fractions. These studies re- 
veal that the distribution of iodine bearing moieties between the protein fractions 
of the serum l a  nonspecific. 

It also made it 

Time-Concentration Curves. Radioaotive thyroxine determinations have been 
carried out for a prolonged period following administration of therapeutio amounts 
of this isotope in 8 patients suffering from hyperthyroidism or thyroidal carcinoma. 
Two distinct types of curves ham been noted. 
of radioactive iodine have displayed a progressive rise in the serum concentration 
of radioactive hormone for about 2 weeks following administration then a vc;'; ;I 

very ehayp and sudden increase. The peak of thio increase was followed by a fall ir 
the serum concentration of radiothyroxine, producing an exponential type of decline. 
It i s  bellevdd that the sudden rapid rise in radiothyroxine concentration represente 
the temporary or pemnent deetruction of the thyroid follicle with release of etore 
radioactive hormone and the subsequent exponential fall represented the the exponer 
la1 disappearance rate of this released radioactive hormone, under conditions in whl 
a phyaiologlc darnage to thyroid tiseue prevented other further reduction and releasc 
of tagged hormone. The 2nd pattern has been observed in patients reoeiving small dc 
of radioactive iodine, and consists of a gradual riee In serum concentration of radj 
active hormone followed by 8 plateau of varying duration and a gradual decline. Thl 
pattern is believed t o  be the result of continued although diminishing function of 
thyroid gland superimposed upon the utilization rate of radioactive hormone from tht 
blood. 

The patients receiving massive doses 

Thyroiditis. During the past year 3 patients with the rare disease of acute ( 
subacute thyroiditis have been studied, utilizing the modalities developed in this 
oratory. This disease presents a puzzling picture in that patients offer no cllnicr 
evidence of hypothyroidism and in fact may clinically and by laboratory teets be mi: 
hyperthyroid and yet take up little or no radioactive iodine. Accumulation gradienl 
performed in these 5 patients reveal that the thyroid is indeed capable of accumulai 
radicactive iodine, but not of holding the accumulated iodine within the g l a n d ,  so I 
by 24 hours the accundbted iodine has virtually all left the gland. "wenty-four-hc 
uptake is therefore subnormal. Simultaneous measuremente of the serum radioactive 1 
mom reveal that radioactive hormone is bbdng formed but i e  not being stored within 
gland. It would therefore appear that the physiologic abnormality in this disease I 
sulte f r o m  inability of the thyroid gland t o  retnun thyroid hormone. This themy c( 
related well with the histologic picture of th;yyoiditis In which dissolution of fol: 
lar W d l B  and phagocytosis of exixafol1icula.r colloid is seen. 

Three cases of toxoid hyperthyroidiom have been treated with radioactive iodil 
One case of adenocarcinoma of tho thyroid hafl been treated with a therapeutic dose. 

The Chemical Nature of the - TQ-roidal -----. "Iodide Trap". The thyroid gland is dis' 
guiehed by its unusual and as-@t-unexplafnod capacity to conoentrate iodide ion frr 
tho serum and achleve an interthyroidal concentration of iodide which often exceeda 
the aerum iodide concentration. This 1odid.e has beon damonotrated present i n  a for7 
which io freely dlelyzable and potentio~nctrJ ca3 ly indistin~~uishsble frai Iodide ion 
The chemlcal mechnnlm underlying this remnrknble concentratiw capcity is vIr'LiiRI 
unknown. This tent In  deslgnod to elucidate l , h ~ s  mechaniom and to determine uhethoi 
other chemlcd agentR are capable of acting ~Jmilarly. rJormal rots mintainod on a 
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d i e t  containing propylthiouracil are the tes t  animals. 
l a t e s  the Iodide-concentratiw s tep  of thyroidal hormone biosynthesis. 
act ive iodide is administered, the only form found i n  the  thyroid g l a d  of each rats 
is inorganic iodide, and simultaneous measurement of the blood and thyroid Iodide 
permits the calculation of the concentrating capacity of the gland. U t i l i z i n g  thiE 
t e s t ,  varioue c h d c a l s  have been aesayed for  t h e i r  a b i l i t y  t o  alter the concentra- 
t i ng  capacity of the thyroid gland f o r  iodide. Those chosen have been used became 
of t h e i r  oxidative or  reductive nature. 
which reproduce the act ion of thlooyanate ion - sodium perchlorate and sod im chlorate,  
both oxidizing agents. Repeated t e s t s  have sham t h a t  t h e i r  e f f ec t  is reproducible and 
time-versus-effect curves have established t h e i r  duration of p t i o n .  The data obtained 
suggest t h a t  these agents a o t  by virtrueof t h e i r  capacity as oxidizing agents and tha t  
the concentrating capacity for  iodide of the thyroid gland i s  dependent upon the main- 
tenance of an In tac t  redox potent ia l  within the gland. 

The propylthiouracil iao- 
When radio- 

To the preeent time 2 agents have been found 

Quant i ta t ive Aspects and Lmua of Peripheral Action of Thyroid Hormone. 
p le te ly  myxedenoatoue a n i m a l  has no ciroulat ing thyroid hormone. 
that the oxygen u t i l i za t ion  of e i ther  i n t ac t  myxedematous animals o r  t h e i r  Isolated 
t iseuee a r e  reduced *om n o m l .  
be Injected Into suoh animals, and the amount of hormone taken up by a s ingle  t l seue  
be deterrmined , the absolute amount of hormone uptake by the t i s sue  can be determined. 
The InJection of thyroid hormone r e s u l t s  i n  an inoreased oxygen uptake by the  i s o h t e a  
t i s sues  of myxedematous animals. If both the  hormone 
t i s sue  and its Influence on oxidative metabollam of the t i s sue  be simultaneously deter-  
mined, a quantitative relat ionship can be drawn between the two. 

A com- 
It has a l so  been ahown 

If radioactive thyroxine of lmovn specific ac t iv i ty  

accumulation by an isolated 

Work Is being carr ied out i n  r a t a ,  using the paired hemIdiaphragmE fo r  the  2 

Actual simultaneous measurements of hormone uptake and i t 8  
determinations. 
rats has been defined. 
influence on oxygen uptake 6f myxedematous rat diaphragm will be made. 

The oxygen uptake of the diaphragm of both normal and myxedamatoue 

A l a t en t  period is men before the act ion of thyroid hormone on oxygen uptake 
occurs, although the  hormone combines quickly w i t h  peripheral  t i s sues .  The courae 
of t h i s  l a t en t  period will be investigated by meane of d i f f e ren t i a l  centrifugation 
of homogenized diaphragm i n  which hormone uptake bas occurred. An a t t e m p t  w i l l  be 
made t o  correlate  the time of onset of hormonal act ion with the in t race l lu la r  locus 
of the  hormone. 

Anion Concentration Mechanism The I n i t i a l  stage i n  thyroid synthesis is the 
accumulation or  trapping of iodide against  a concentration gradient.  
iodide i s  concentrated within the thyroid gland pr ior  t o  oxidation of iodide t o  iodine 
and thyroid hormone formation. 
organic binding prooese within the gland except by phermaoologlc means. 

Thus inorganic 

It has been hard t o  dissociate  the concentrating and 
It vas an t i -  

- - .. = - = -  % -  ----l--4...” +ha ~. 



agent8 can suppress the S/P r a t i o  t o  below 10 but never t o  unity.  
these a r e  the agents which a l s o  wash out iodide from the  thyroid iodide t rap.  
idmlnietration of TSH depreeses the salivary-concentra%ing capscity fo r  iodine. 
Whether t h i s  is a primary e f fec t  upon the ealivary t r ampor t  mechanism f o r  iodide 
or  secondary t o  alCeratione in blood halide interrelat ionships  remains t o  be eluoi- 
dated. 

Signif icant ly  

Acute disruption o f  the  aalivary anion transport  metabolism w i l l  be attempted 
i n  humane by pharmacologic means. A s ingle  experiment In  the  rat revealed that the 
a b i l i t y  of the etomach t o  concentrate Iodine could be depressed by administering TSH. 
However t h l e  method l e  technically more d i f f i c u l t  than the  sal ivary appoach. 

Quant i ta t ive Studies of Thyroidal Dynami CB.  The biosy-ntheeie of thyroid hor- 
mono occure i n  2 stages: 1st the concentration by the  thyroid gland of inorganio 
iodide from the  serum, and 2nd the  oxidation of iodide t o  iodine and i t e  binding 
t o  protein.  

A eer ies  of equation6 have been deveioped which make it poeelble 1By meane of 
the  admlnletration of radioactive Iodine intravenously, followed by the  determination 
of accumulation w d i e n t  over the next 3 hours and the ancrlyeis of blood iodide a c t l v l t  
t o  determine the  absolute leve l  of the oonoentration gradient of t he  human thyroid glan 
f o r  iodide, and the abeolute rate of convereion of thyroidal iodide t o  organically-boun 
hormone, The latter function hae never before been evaluated quant i ta t ively i n  animsle 
m man. The re la t lonahip between the  2 h e  not before been evaluated, a8 the only pre- 
vious method of determining the concentration gradient wae by the administration of 
Ip’opylthiouracil, which bloaka hormone formt ion .  
t r a t i n g  capacity of the thyroid f o r  iodide. 

Thie i t e e l f  m y  alter the ooncen- 

Thirty patient6 have been studied, u t i l i z i n g  t h i e  technique. Normal values a r e  
being defined. 
patient6 reoeiving TSH, propylthiouraoll, and iodide. 
good correlat ion of the w i v e d  constante with o l in ioa l  e ta te .  
t ions  it l e  a l so  possible t o  oaloulate thyroidal plaema-iodide olearanoee, thyroidal 
body-iodide twnover t h e e  and iodide d i e t r i b u t l m  epaoe. 
t lone agree ve l1  with thoee obtained by other lnveetigators u t i l i z ing  other methods. 

Both hypothyroid and hyperthyroid. patiente have been etudied, and also 
PrelimlMry data indicated a 

U t i l i z i n g  these equa- 

Valuee for the  lat ter fund- 

A greater number of normal and dieeaeed pat ients  w i l l  be etudieb. 
and abnormal values have been rlefined, the method w i l l  bd ueed t o  determine the  locus 
of aot ion oi various hormonal and medicinal agent6 which affeot the  thyroid. In additii 
f o r  the l e t  t h e  quant i ta t ive aeeeeament of the potenoy of ant i thyroid agents can be mi 

When normal 

Peripheral Uti l izat ion of Thyroid Hormone. Thie experiment u t i l i zed  an in-vitro 
syetem t o  etudy the r a t e  of u$take of thyroid hormone by the leolated rat diaphra@. 
initial experimsnte t o  aeosr ta in  whether a de f in i t e  uptake of hormone oooura when din- 
phra@nat.io t leeue l e  incubated with radiosot lve thyroiine of known epeolflo aot lvi ty ,  
definite b-f hormone m e  obeerved. 
washings. Control experiments with radiosot i re  inorgbnio iodide revealed no euoh lr- 
revereible union. 

lj 

Bound hormone oould not be removea.by repeated 

Initial etudiee done i n  n o m 1  r a t a  and In  rats nnde myxbdematoue vith propyl- 
thiouraoi l  ehawed that the  absolute smount of hormone uptake in both groups wae dlreoth 
prOpOrtiOMl t o  the thyroxine oonoentratlon In the  lnoubatlng medium, and wao equal In 
maeplitude In both g r a p e .  
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This preparation will be utilized a6 a m e a m  of studying the effect of varioue 
hormonal and environmental influencee on the uptake of thyroid hormone by peripheral 
tieeue. The rate of uptake may repreeent the rate of peripheral utilization of thie 
hormone. 

The Extrathyroidal Syntheeie of old Hormone. Studiee in 12 euthyroid ln- 1 . dividuale hve damonatrated that butan%kactable 1131 fraction can be elevated 
by the adminietration b f  exogenoue TSH. Attunpta have been made to dissociate this 
rim from the thyroidal effects of TSH by etudglng the effects of TSH in 6 patients 
with poetoperative hypoth,yroldiem or hypothryoidiem secondary to 1131 ablation of 
the thyroid gland. 
tion vithout altering the uptake of radioactive iodine over the neck. Absence of 
demonatrable augamntation of thyroid function In them aubjecte would auggeet an 
extrathyroidal fwum of TSH action. 
obaerved in 2patiente with primary myredam. Here admlnletration of TSH did not 
augment the plasm level of butanol-ertrac+Able 1131. 

j 
In each of theee TSH elevated the 1131 butanol-extractible frac- 

Theee reeults are in marked contraet to those 

I’uelve rats hve been thyroidectdzed by graded doees of 1’3’. The establieh- 
mnt of complete myxedema is awaited. 

The Effect of Hormonal and Pharmcologlc Agent6 upon the Ability of tile Thyroid 
Gland of Rate to Concentrate Inormic Iodide. 
determine the factore whioh control the capacity of the thyroid gland to concentrate 
Inorganic iodide. 
f’unotion by the adminietration of propylthiouracil. 

Thie etudy was undertaken in order to 

T h i 6  .function wae ieolated from the 6UbeeqUent stage of hormone 

Intact animal8 receiving propylthiouracil were studied. The conoentrating 
oapaolty for inorganic iodide of the thyroid gland wae found to be 200-250 times 
the concentration in the eerum. Subeequent groups of anlm&ls were given varying 
doeee of thyroxine in order to euppreee endogenoue thyrotropic (TSH)  secretion. 
In theee animels the concentrating oapaolty for iodine (ooncentration gradient) 
was markedly reduoed f r o m  that of the previoue group. 
OUB TSH reetored the concentration gradient of thyroxine-treetub animale toward 
that of animals not reoeiving thyroxine. 

Admlnietration of exogen- 

Similar etudiee were then done in about 250 hypophyeectomized mice, also given 
propylthlouraoil. The conoentratlon gradient fcr iodide was only 1/20 th8t of intact 
animala eimilarly treated. The adminietration of exogenoue TSH increaeed the concen- 
tration gradient to the level found in intact animels. A graded reeponae of the con- 
oentrertim gmdient vae obtained by graded doeee of TSH. The reeponee to TS H wae ex- 
tremely eenaitive, minimal reepomee being obtained with .& mg. of hmPlone. The con- 
comitant adminletratlon of thyroxine reduced the reeponee of hypophyeeotdzed anlnrmls 
t o  exogenous TSH, and ale0 reduoed even further the already low level of the conaen- 
tration aradient in  hvmaahveeatcrmized a n W e  nnt m o e l w i n n  ‘ISH- 



Next t h e  lr~l'liience of increasing serum inorganic iodide concentrations on 
t h e  concentratio11 y ~ d i e n t  w a s  s tud ied .  Large doses of iodide reduced t h e  con- 
cent ra t ion  g r a d i w t  of hypophysectomized animals, e i t h e r  untreated o r  t r e a t e d  
w l t h  TSH. hrp,er arnoiints of iodide were required t o  suppress t h e  gradient  i n  
mimls gSven TSH than I n  those not  so t r e a t e d .  

1111 expcrinierit i s  under way i n  which t h e  inf luence of cor t isone on t h e  aon- 
cent ra t ion  gradient  of hypophysectomized, propyl thiouraci l - t reated animals w i l l  
be determined. It can thus  be ascer ta ined  whether t h e  d i r e c t  inh ib i tory  e f f e c t  
of cor t i sone  on t h e  thyroid gland occurs via an act ion upon t h e  concentration of 
iodide o r  on its conversion t o  hormonal iodine.  

C l i n i c a l  Uoe of P3* . Three p a t i e n t s  with metabtthtio oarcinooae of t h e  b r e a s t  
have been treated wlth a' lvided o r a l  doses of P32. 
gooil r e l i e f  from pain. h e  of these  casea who had l a r g e  cutaneous les ions  at t h e  
s i teof  surgery showed a marked decrease i n  t h e  s i z e  of these  les ions .  The 3rd 
responded poorly and therapy was stopped after 7 .0  mc. o r a l l y  t o  switch t o  ir- 
r e d l a t i o n .  One p a t i e n t  i o  under therapy. 

Reeults i n  2 were moderate t o  

P32 RBC volumes continue t o  be run on a rout ine  basis, using t h e  l i q u i d  
counting tubes.  

A s e r i e s  of  polycythemia vera  cases  have been control led suocessful ly  with P32 
Suscept ible ,  w l d e s  read lymphosarcma cases have been t r e a t e d  with P32 with fair  teI 
o ro ry  r e s l l t s .  PT3 proved uoef'ul i n  determining RBC volume using a modification of 
t h e  Reeve-Veal1 technique. 

Ef fec ts  of m t l b i o t i c s  on Radiation Spnilromt 

BRIEF. The purpose i s  t o  study t h e  e f f e c t s  of Ion iza t ion  on animals and humar 
oubJects,  using a n t i b i o t i c s  i n  therapy. 

BACKGROUND. Sixteen dogs were i r r a d i a t e d  v i t h  300 r a t  250 KV, 30 MA, using 
1 m of aluminum plue 0.5 m copper added f i l t r a t i o n .  
t r o l s  rece iv ing  no medication and 7 rece iv ing  aureomycin. 
i n  t h e  cont ro ls .a t  t h e  end of 37 days and a 71% m o r t a l i t y  i n  t h e  t r e a t e d  animals. 
It k s  been noted that dogs rece iv ing  medication l i v e  on t h e  average of 2-4 daye 
l o w e r  than the  cont ro l  proup. 

Theypere  divided i n t o  9 con- 
A 7& m o r t a l i t y  w a s  seen 

PROCRESS. A series of dogs were exposed t o  an LDoo dose of i r r a d i a t i o q u s i n g  
230 KV 30 hl4 with added f i l t r a t i o n  of 1 m m .  aluminum and 0.5 mm. copper. 
were exposed a half of t h e  dose t o  eaoh s ide .  One-half had been dehydrated f o r  3 
days Inmediately p r i o r  t o  rad ia t ion .  The resu l te  following a 30-day observation 
period showed no differenoe in t h e  mor ta l i ty  rates of t h e  2 groups. 

The dog8 

Tissue - Response t o  Radiation 

BRIEF. Theee experiments are designed t o  study t h e  e f f e c t s  of ion iza t ion  on 
c e l l  metabolism. 
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-- BACKGkCiJJUJ ANTI PROGRFSS. N o m 1  water,  fa t  and ni t rogen content of normal 
marrow has bten determined. Al te ra t ions  of lean marrow rmss as a funct ion of age,  
oex, and N . ~ I  V I  Bite  have been s tudied i n  10 r a b b i t s .  
on all pre i tu- t ions  have shown an o v e r a l l  chbck of 1.51%. Eleven experiments have 
been compirte#l on t h e  i n - v i t r o  r e s p i r a t i o n  of normal r a b b i t  marrow and Qop (N) values 
have showi~ !!Llr uniformity In  this regard.  
l i n e a r .  

Duplicate Kjeldahl n i t roeens  

Rate curves have been f o r  t h e  mo8t p a r t  

I n  vlt:w of some v a r i a b i l i t y  of marrow r e s p i r a t i o n  I'ram anlml t o  animal and 
of a r a t h e r  wilque opportunity t o  work with 2 s t r a i n s  of g .  52_ll having uorneuhat 
d i f f e r e n t  blochamlcal c h a r a c t e r i s t i c s  comparison of e f f e c t s  of ilv firid x-ray lrradi-  
a t l o n  on these b a c t e r l a  has been undertaken I n  an  attempt t o  l o c a l i z e  biochomlcal 
s i t e s  of a c t i o n  of I r r a d i a t i o n .  

Ten experiments of the  dose-survival curve type indicated that t h e  2 s t r a i n s  
have markedly d i f f e r e n t  s u s c e p t i b i l i t i e s  t o  W i r rad ia t ior i  
x-ray aensltlvity yielded c o n f l i c t i n g  r e s u l t s  and requi re  f u r t h e r  inves t iga t ion .  
This a t t a c k  a t  present would seem productive of r e s u l t s  si.11Ject t o  fewer var iab les  
and is tez imica l iy  more f e a s i b l e  than t h e  i n t a c t  animal I r r a d i a t i o n  s tudies .  
2atter w i l l  be continued when t h e  b a c t e r i a l  experiments h i r e  pointed up t h e  more 
l i k e l y  si tes of biochemical interference.  

Several  e x p e r b e n t s  on 

The 

Radiation Mortali ty in t.Lice i n  t h e  Neonatal P e r i s  

BRIM?. Mice *re being i r r a d i a t e d  w i t h  t h e  objec t  of discovering f a c t o r s  af-  
f e c t i n g  r a d i a t i o n  mor ta l i ty  i n  t h e  neonatal period; inf luence of w e a n l q ,  age,  weight, 
sell, and endocrine patterns. 

JACKGROUND AND PROGRESS. Factors A f f e c t i w  Radiation Mortal i ty  i n  Puce i n  t h e  
Neonatal Period - Influence of Weaning, A@, Weight, Sex, and Ehdocrine Pa t te rns .  
Studies  were done i n  approrimetely 1200 mice r e l a t ive  t o  the  inf luence of euch f a c t o r s  
Intrinsic t o  the i r r a d i a t e d ,  but  otherwise untreated,  animal on r a d i a t i o n  mor ta l i ty ;  
It ha8 been feud that i r r a d i a t i o n  death8 axe n e g l i g i b l e  i n  mice i r r a d i a t e d  before  
approximately 2 1  days o f  age, increase t o  a peak In animals I r r a d i a t e d  a t  30 days, 
t h e  approxlmte  time of puberty and t h e r e a f t e r  gradual ly  decrease. 
a t  21  days r a t h e r  than t h e  usual 30 days dele te r ious ly  inf luences t h e i r  subsequent 
cour89, a8 Indicated by both mor ta l i ty  and growth r a t e s .  k l e s  &re more s e n s i t i v e  
than females t o  t h e  tox ic  e f f e c t s  of x- i r rad ia t ion ,  tm Indicated by both p o s t l r r a d i -  
a t i o n  growth and m o r t a l i t y  rates., t h e  r a t i o  of deaths i n  males t o  females b e l w  2.3/ l  
i n  animals i r r a d i a t e d  postpubertally.  No such sex d l f fe rence  waa noted in anlmls ir- 
r a d i a t e d  p r i o r  t o  puberty. As compared t o  sham operat ion,  prepubertal  orchiectomy was 
markedly pro tec t ive  t o  mice i r r a d i a t e d  during the  puber ta l  o r  postpubertal  period. 
m n r h 1 f t . v  rata f o l l o w i m  i r r a d i a t i o n  of prepubertal ly  c a e t r a t e d  mice w a s  r e s t o r e d  t o  t h a t  

Weaning of  mice 

The 

- ,  - 7 . -  AI-- 



and are  now under observation. 

REFERENCE. 

"Intrinsic Faotore Affooting Radiation Mortelity In the  Mouse." Ingbar, S. H. 
and Frelnkel, N., Fed. Proc., W o h  1952. 
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10.PEQUIRMKYT AND/OR ~USPXPICATION 
Recent a d w c w s  ham indicated that stms6, i n  the  form of mental trauma, 

extremes o f  temperature, body injury, etc., produces def in i te  changes i n  body 
mechanism apart  f r o m  the usually recognized effects of these agents. 
Bmperative tha t  methods be developed to masure the non-specific e f f ec t s  of 
stress on the soldier, and further,  the rays and means o f  a l te r ing  this e f fec t  
i n  the direct ion I 

It i s  

fLRR111 Q POQlLCT AND 
a. Brief: The objeotive i s  t o  detemlne the basic mchanisme, which are 

operative i n  the production of the non-specific affect8 of stress; t o  devise 
tests t o  measufe this effect; and t o  develop prac t ica l  methods f o r  a l t e r ine  
these e f f ec t s  i n  the direct ion of impmved body efficiency. 

doldiers are  constantly subjected to a wide variety of stresses both 
mental and physical, which commence with the abzvpt change from c iv i l i an  to 
mili tary l i fe .  Them streews are  evor reourring throughout the periods o f  
training, and reach t h e i r  p a t e &  mgnitude 4n the f i e l d  of bat t le .  These 
unusual stres- situations,  in laany maye peculjlir t o  the soldier, include 
meh things as anxiety, fear ,  exposure t o  extreme variations i n  environmental 
conditions, fatigue,  dieeases, malnutrition, and injuries, Recent studies have 
shorn that them factors,  in addition t o  the knom and w e l l  recognized e f f ec t s  
peculiar t o  the  specif io  agent, alao produce a profound but non-specific e f fec t  
on the t o t a l  organism. There l a  some evidence t o  indicate that the specific 
and nan-specific e f fec ts  of these fac tors  on the  t o t a l  organism, may be . I ?  - a - I a L I -  ---I _ _ _  .I--) I- AI-- * -c--1 .. 1 . . I. -. . 
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j e c t  KO. 6-60-01-01 
n t rac t  KO . !XI-255 

S t r e s s  

D r .  Oscar Hechter 
T;'orcester Foundation f o r  

Shr?wsbury, Ihss . Ex$erimenta$ Biology 

BPJEF. The objec t ive  i s  t o  s tudy mechanisms of steroidogenesis and the  influence of 
s t r e s s  upon cort icosteroidogenesis .  

EACI:GRX!I?D NiD PilOGFXSS. The perfusion apparatus developed i n  t h i s  laboratory has 
been redesigned; 
compared; 
investigated. 
the most par t ,  used blood as perfusion medium. 
chloroform 4:l or e t h y l  a c e t a t e )  a r e  preferable  t o  t h e  charcoal method enployed previously 
for c e r t a i n  problems, vrhile f o r  o t h e r s  involving small volumes of blood t h e  d i a l y s i s  
procedure was most sa t i s fac tory .  
oqyenated blood a t  3@ C revealed t h a t  the bulk of s t e r o i d  added i s  recovered unchanged, 
although t h e  presence of new products formed i n  t r a c e  amount i s  indicated.  

methods f o r  t h e  ex t rac t ion  of s t e r o l d s  from perfusion nedia have been 

"he l a t t e r  point  i s  of s p e c i a l  importance s ince  perfusion work here, f o r  
and t h e  inf luence of incubat ing s t e r o i d s  i n  oxygenated blood a t  380 C has been 

Solvent ex t rac t ion  procedures (e ther-  

S tudies  involving cor t icos te ro id  incubation i n  

Upon completion of t h e  cont ro l  s tudies ,  perfusion experiments were undertaken with 
radioactive choles te ro l ,  cholestenone, and progesterone ( a l l  r i n g - l a b l e d  with Cu) i n  
the presence and absence of added ACTH. 
cholesterol  but not  cholestenone i s  transformed t o  adrena l  c o r t i c o s t e r o i d s  and t h a t  

: progesterone i s  converted t o  a v a r i e t y  of s te ro id  k e t o l s  i n  addi t ion  t o  the  expected 
' products, 17-hydroxycorticosterone and cort icosterone.  The effect of ACTIi upon t h e  

fo,egoing reac t ions  has  been evaluated b 

The r e s u l t s  demonstrate conclusively t h a t  

measuring t h e  t o t a l  incorporat ion o f  radio- 
a c t i v i t y  &nto cor t icos te ro id  from t h e  C J substrated employed. 

- FUTURE. Further  work with choles te ro l  and protesterone i s  necessary, but the 
indicat ions s t rongly  suggest t h a t  ACTH acts i n  cort icosteroidogenesis  a t  a point  p r i o r  
t o  progesterone. 

Dehydroepiandrosterone will be perf'used through adrenals i n  t he  presence and 
absence of ACTH. 

Further plork on progesterone will be undertaken so t h a t  the pathway leading t o  
compounds F and R may be mre c l e a r l y  elucidated. 



Projeo t No. 6-60-11-17 
Contract No. MD-109 

NCrr FOR PUBLICATION 
Report Date 30 June 1952 

Studiee in Sulfur Metaboliem 

Dr. Lauranoe U n s e l l  
Highland Alameda County Hoepltal 
Ogkland, California 

BRIEF. The obJeotive l e  t o  determine the rate of wouda hesling i n  humane - 
under normal and abnormal conditione, ueing leotopio eulfur  a0 a t racer ;  t o  evaluate 
the  metaboliam of methionine, oystine,  glutathione, and other organlo euMxr-oontain- 
ing materiale under speclf io  experimental oonditlone i n  human eubjeote; and t o  deter-  
mine the r a t e  of incorporation of methionine and oyet lnednto  epeolflo t leeuee and 
organa. 

BACI(CR0WD. The uee of S35-labeled methionine a8 a t o o l  f o r  the  etudy of pro- 
t e i n  metaboliem having been ee tab lhhed  through previoue reeearch, early work on t h i e  
projeot centered around 2 eubtsske: evaluation of the metabolio defeot i n  2 pat ien te  
W t h  Idiopathic hypoproteinQnia by the uee of dg- labe led  methionine, and evaluation 
of the e f f ec t  of ACTH upon protein metabolism with the uee of the e a m  eubetanoe. 

The de t a i l e  given in June 1951 were eunrmsrized a8 followe: It appeare tbst hyper- 
catabollem of plaema albumin is t he  fundsmental etlologio defeot i n  thle eymdrom4 and 
tha t  the reaeon f o r  t h i e  hypercataboliem l e  mhown.  
i n  no way impaired and is  probably s igni f icant ly  aooelerated In an  e f f o r t  t o  ompaneate 
f o r  the  hypercatabollem. The u8e of high protein intake plue teetoetorone propionate 
appeare t o  Improve the o l in l ca l  e ta tue of t h e  pnt lent  but fa110 cmple t e ly  t o  bring 
the  albumin levef t o  normal. 

Ansbolimn of plaema albumin le 

Studiee indioate thet i n  the "nephrotic": The r a t ee  of both albumin and globulin 
ryntheeis are greatly increaeed over the normal; t he  rate of eyntheele of albumin and 

albumin infusion); the  ,535 oontent of the urinary protein l e  i den t i ca l  w i t h  tbst of the 
~erum albumin; and ACTH caueed a rapid oeeeatlon of albuminuria and a return t o  nonml 
of p l a w a  protein levele.  

the r a t e  of ur innry loes  of albumin m e  almoet ident loa l  ( t h i e  l e  t r u e  with o r  without 1 

W h a t  w a s  believed t o  be a rkt iefaotory teohnlque for  evaluation of rate of vound 

PR0CRE;sS. 

hea l ing  with the aid of 835-labeled methionine me desoribed In W o h  1952. 

Further studies ueing S55 for  the  evaluation of the rate of wound heal- 
ing were done. 
producible r e su l t a  in d i f fe ren t  group0 of animale a0 w e l l  aa v i t h i n  any given group. Zo 
date, 6tUdle0 deelgned t o  evaluate the  effeot of ourtieone m d  ACTH upon the  rr te of 
vound heal ing have failed t o  ehuu a n ~ r  ei(plif1omt effeot. Studiee nov under way inoluds 
prolonged pretreatment of a n b a l e  v l t h  ACTH and oartieone. It l e  believed t h a t  the  lack 
of e f fec t  is referable  t o  inrdequate abeorpticm of oortleone and t o  laadequate duration 
of ACTH-admlnietration in well-nourlehed aninUls. 

The ac tua l  teohnique l e  now very well etandrrdiced and givee ai- re- 

FlrruRE. These etudlee of humans and anlmale w i l l  be oontinued md w i l l  inolude 
avaJ.ua%lon of obveral hormoml rgente lmawn t o  a f f eo t  protein ppstaboliem. 

6 4  



Internal Yadioilu 
8. COGNIZANT AGENCY 1ia.c , COHTRACTIY. 0. NO. 

' 14.  DATE APPROVED 
TeST 
np svii 

15 January 1949 
1s. 

b. BBQUZURMENT AYDlOP JUSTIFICATION 
Cbmnlo eoieaafoid d o m t i t i r  COllpri t308  e far the largest BOUTOO of 

deraatologlo disability amng Army peremnnel. 
factors leading to snporficial bacterial and f'ungous infections of the skin, 
ard subsequent chrooic ocre~atiratlon, r i t h  particular reference to envlron- 
wnt.1 corulitionr obtaining among nilitmy personnel; 

a. u: The obj6otirer aro to atudyr faotore loading to ahronio diralillng 
dormatitis i n  military poraonnol, now ~ l c i d o r  mporior to thoso now used 
by tho Amy, a d  rtbodr of sanrning moh mu agenti. 

b. 
ronritimtion of tho akin inclrdorr 
oonjrmstion r i th  (2) alinioal sfudior on adoquato pationt raterial, inclrtding 
.ilihq prronrul am indioatod. Em f'ungiold~r mat bo saroenrb I n  ordor fa 
find pmparationr mm .ifoctiro than them LLQI In uao. 

I t  l e  necessary to study tho 

aad to develop methods 

m: A broad attaok upon tho problor of infeation and ohranlo 
(1) thoroughgoing laboratory etudior in 

Paragraph 12, Coatnotor and/or Labonfaly 

(.) - VU- - Dr. Uaurioo Sullivan 

To ettu37 mu fungicidal prmparrtionr . a  p attr.pt to find oo~poardr that 
am .on o f f o o t i n  thn tho i \meisUor 110. in u n  F tho A r m y  Y d i o a l  8oniao 

The Surgeon General, DA 
a. nlBUCIING AGRNCT so0 blow 
k d  b 8  & h V  Bd 1 I 

10. RIIQOESTING AGBNCT 117. IST.  COHPL . DATES 

11. PAPflCIPATlON AND/OR COORDINATION I Cant b F 



Bacter ia l  & Fungous I n f w t i o n s  of the Skin (Continued) 
6-60-13-012 

d. Other Xnfomt ion;  None. 

0 .  Backnround and/or Progross: Dr. P i l l s b u r y  considore the chief e t io logic  
fac tore  in disabl ing chronic dermati t is  t o  be bacter ia l  and fungous infoatione, 
sens i t i v i ty  t o  these organisms, opiderpul and dermal s ens i t i v i ty  induced by 
treatment, and disorders of sweating preceding or following the  i n i t i a l '  e*- 
donce of dermatit is ,  
from specif ic  s tudies  d e r  t h i s  grant.) 
s t o d y  increase in the  percentage of the population mnsi t ivo  t o  ponioi l l in ,  
caused by i t s  use in various infect ions over a period of years. 
d i s a b i l i t y  i n  the  A r q  could be reduaed if pen ic i l l i n  were not used i n  mild 
intermit tent ,  probably self-l imited,  infections;  and if pa t ien ts  about to 
receive pen ic i l l i n  were queried as t o  previous react ions t o  it. 
extract ,  whose value In acute poison ivy dermati t is  has never been proved, 
should nOtr be given for the  treatment of thie condition. Prophylactically 
it i s  of uncertain value; if  employed, it should be iven under the  super 
vis ion of a competent dermatologist o r  a l le rg i8 t .  (3f Considerable d i s a b i l i t y  
a r i s e s  from the  use of preparations to control i tching, none of which is really 
satisfactory.  A l oca l  
anesthet ic  not rolated to novocaine (Quotano) gave sa t i s fac tory  r o l i e f  fro8 1-h- 
ing i n  about 85% of 700 pat ients ,  with no frank opidermal sens i t iv i ty .  (4) Tho 
treatment o f  Rfungousn infect ione continued to  be unsatisfactory in Amy pract ico 
booause of frequently-erroneous diagnoses and inef fsc t ivo  fungicides. 
a a i l a b l s  compounds aro t es ted  c l in ica l ly .  
based on tho Hotchkisa-McManus method was modifiod t o  be usablb in any laboratory. 
Tho diagnosis o f  fungous infection should be proved laicroswpically kforo  baing 
a c o s p t d  in Army hospitals i n  order t o  aroid a l m e t  cer ta in  d i s a b i l i t y  from 
er roneou~ therapy. Tho ncurem of fungous infect ions i s  obtained pr inc ipa l ly  
by the  romva l  of inf'ectod material, by l oca l  i m u e  rosponsea o r  meohanlco- 
chemical methode. (6) Various an t ibac ter ia l  agents f o r  l oca l  appl icat ion aro 
studied; 
SiVt3. 
m t o r y  eruptions, h e  boon grossly overused, with eerioue eequelao. The only 
known controlled study was conduct& here to  determine i t e  exact value. 
beneficial  effects of super f ic ia l  x-ray therapy are evanescont if the  primary 
cause of the eruption s t i l l  exiats. 
eruptions is ra re ly  ju s t i f i od  overseas and then under only the  mat competent 
eupervieion, ard i n  U. 9. Amy hosp1krls should bo rostr5ct.d f'urthor. 
bng studies with lor-voltage (Grenz) therapy suggest that it is a s  effective as 
convontional x-ray therapy in theso eruptions and t h a t  tho  margin o f  sa fe ty  is 
mch greater.  Pat ients  who ham receivod Grena-ray therapy are k i n g  fol lorod 
l or  sequelae. ( 8 )  ACTH and cortieone, while of ten  immediately beneficial  i n  t ho i r  
e f f e c t s  on ecoor~ toue  eruptions, almost alwayr are follonod by severe recurrences, 
@%q- mors marked than the  or igins1 eruption. I n  a l lorg ic  skin react ions 
which probably w i l l  bo self-llmltul, me B severo pen ic i l l i n  roactione, both 

(Not a l l  the conclusions reported below resultod ont i re ly  
(1) Apparently there  i s  a slow, 

Dermatologic 

(2) ~hus 

Compounds related to novocaine are the  chief sensi t izers .  

Neuly- 
( 5 )  Tho spec i f ic  s d a i n  f o r  fungi 

none i s  ent i ro ly  sat isfactory.  Noolagrcin is promising but very expen- 
(7) X-ray therapy, which i s  oonrmonly used in t rea t ing  super f ic ia l  infUm- 

Tho 

It is concluded that x-ray therapy f o r  such 

Contim- 

k7% 
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preparations rapidly cure i n  most cases and t h e i r  use i s  ju s t i f i ed .  
t rue  i n  ce r t a in  severe general medical conditions i n  which the skin, i s  often ai- 
fected, such as acute disseminate lupus erythematosus, po lyar te r i t i s ,  nodosa, etc. 
Cortisone ointment (25mgm per gm i n  a carbonax base) was concluded t o  be valueless 
i n  a controlled experiment in 25 pat ients .  

Studies on the Causative Orp,anism of Trichomycosis Axillaris. 
utive c l i n i c a l  cases examined, 28 cases of trichoqycosis a x i l l a r i s  Here found. 
Corynebacteria were isolated from a l l  28 cases, and from 3 normal cases. 
cul tural ,  microscopic, and growth character is t ics ,  mouse pathogeqicity, a d  ant i -  
b io t i c  s e n s i t i v i t i e s  of these organisms were reported. 

delphia and vic in i ty .  

albicans regular ly  emerges i n  abundance i n  the mouths and gas t ro in tes t ina l  t r a c t s  
of those receiving ride-spectrum ant ib io t ics .  
the presence of some untoward side-reaction such a s  g l o s s i t i s  or s tomat i t i s  is not 
tantamount to  a diagnosis of moniliasis. 
t i za t ion  of  the mucous membrance reactions observed i n  association with an t ib io t i c  
therapy a6 moniliasis probably is unfounded. 
enhance the growth of C. albicans 
mal s with experimental moniliasis, bla  stomyco si I, h i  stopla smo si  8 ,  coccidloidontyco si  a, 
and eporotrichosie. 

This is not 

I n  100 consec- 

The 

The name Comebacterium 
was proposed for the organism causing trichomycosis a x i l l a r i a  i n  Phila- 

Arr Funpous Infections increasinp as a Result of Antibiotic Therapy? Candida 

The i so la t ion  of t h i s  organism i n  

Evidence was presented t h a t  the stigma- 

The wide-spectrum ant ib io t ic6  did not 
vitro nor potent ia te  V c o t i c  disease i n  ani- 

Studies of the  abocrine meat eland off& t he  greatest  hope for a sound under- 
standing of a c r i t i c a l  f ac to r  i n  a problem of p r i m  importance t o  the armed services, 
o t i t i s  externa, and i n  eruptions of the  axilla and geni ta l ia .  
made i n  a study of the e t io logic  role of the m e a t  gland i n  several common disabling 
ard chronic skin diseases. 
Apocrine sweating could be stimulated by emotional st imuli  of s ign i f icant  intensity.  
Apocrine sweating was produced by epinephrine and nor-epinephrine. 
ing was not produced a s  a result of acetyl  cholbne, pilocarpine, o r  thermal stimu- 
la t ion.  The apocrine searet ion waa seen t o  appear againat an external  pressure of 
225 mm. of mercury. Such sweating could be produced in adul ts  but not i n  children; 
there  was a reduction Ln quantity i n  the  older age group. The apocrine sweat gland 
un i t  showed a de f in i t e  refractory period, both to  neural a s  well as chemlcal stimu- 
la t ion.  I t  has been postulated that apocrine sweating i s  under the  control of 

calised Chromidrosis. A adrenergic fibers of the autonomic DSrVOUI Optem. 

Progress was being 

P b ~ s i o l o ~ ~  of the Human Axil lam ADocrine sweat Gland. 

Apocrine sweat- 

- a  - . A. e - - L a b ” , -  -.(&L l m f i . 1 4 w m l  Ch-mq- 
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To reduoo o r a l  direaso which a f f ec t s  98% of the mil i ta ry  age group, re- 
su l t ing  in t h o - l o s r  for treatment. 
f i o ld r  of the scion00 of dontistry.  
method8 of treatnnnt are e r r s n t i a l  if any substant ia l  roduction i n  dental 
oarual t ior  i r  t o  be offectod. 

This m@ r+qniriv invest igat ion in a l l  
Studios i n  the baric causes a8 w e l l  a s  

b)IIIIRIl? Q RQlUCT AND OWBCTIYII 
a. Brief: 

lology of dontal  car ior ,  poriodontit ia,  and other ora l  direaser which af foot  
mil i ta ry  poraormol. 
an offort rhould, ar imes t iga t iona  progrorrr, rosu l t  In impromd mothodr OS 
treatmnt of dontal  and o r a l  lo r ionre  Futthor, as information on etiology 
and offoctr  of trea-nt becomo avmllablo, tho number of dontal  les ionr  oan be 
rsdUOOd, and tho cos t  of dontal  oar. proportionately. The Stoolman report  t o  
tho Prosidont r t r tod ,  "Tho small group of projects  on dental  and o ra l  direase 
by th. fedora1 agoncior re f loo t r  t he  genoral neglect of dental  research, and t h e  
mod of training invort igatorr  in tho field.' Speoial effort ha8 sinco boon 
mado by tho  mil i ta ry  and dental  oduoational i n s t i t u t ions  t o  t r a i n  dontal ro- 
rearoh porronn.1 e 

The ovorall  objootive i r  t o  invoatigate the cauaoa, t r e a t m a t ,  and opidom 

By following t h i s  objeotivo it is contemplated that such 

The Rookefollor Foundation rtatod, .Although America h a d 8  tho world l 8  
dent is t ry ,  it i8 a l o a d o r r h i ~  basod mor. unon inarnilliw nf m - m h - n a n - 1  
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coordinated by the Dental Research Advisory Committee in to  a balanced progran~. 
Studies t o  include: 

(1) Diseases of the tooth. 

(a) 

(b) 

(0) 

(d) 

The etiology of dental  oar ies  including the bacteriology and bio- 
chemistry of ear ly  and terminal lesions. 
Treatment of the carious les ion with emphaeir on cavi ty  prepara- 
t i o n  fo r  the inaer t ion of f i l l i n g  mater ia lsr  
Physical properties of tooth structure.  
h l y s e r  of matorials used as  dental  res torat ione t o  include 
t h e i r  phyrical properties, e f fec t  on tooth  s t ructure ,  and t h e i r  
a b i l i t y  t o  prevent fur ther  destruct ion of the  tooth. 
The ovaluatlon of presona data, and fur thor  invest igst ion in to  
the  uae of f luorides  and other subetancea, known and being 
developod, in the  treatment of dontal carioe. 

(e) 

(2) D i ~ a s o r  of tho poriodontim. 

(a) Hirtoohemical, anntomical, hietopathological, baoterlological,  

(b) 

(c)  

and nu t r i t i ona l  studio6 into tho etiology of poriodontal disease. 
Hothodr of treatment and man8 fo r  prewntion of periodontal 
diroaso 
Bacteriological and diotary rtudior i n to  the  naturo of caloulur 
formation. 
poriodontal diseaso. 

This i s  one of tha primary oautlatim factors of 

(3)  Disoasor and in jur ior  of tho o r a l  muoora and jawr.  

(a) 
(b) 
( 0 )  
(d) 
( 0 )  

The c la s s i f i ca t ion  and dofini t ion of o ra l  koratot io  lor iom.  
Tho ora l  manifestations of nu t r i t i ona l  doficionoies. 
Studios i n  f a c i a l  grouth and developmont. 
Methods of ear ly  diagnorir i n  degenerative d i r o a r e ~ .  
Developmsnt of methods f o r  ear ly  diagnosis and mor. o f f e o t i m  
methods In the treatment of scut. and chronic inf lumutory 
leeiona 

(4) Dental Uater ia ls  , instrumentation, and c l i n i c a l  f a o i l i t l e e  . 
(a) 
(b) 
(0) 
(d) 

Rosearoh i n  tho propertios of dmtal mater ia l ro  
Improvom6nt of specification8 of ex i r t i ng  dontal mterials. 
Studier t o  improve prosont roe tora t iv ,  proceduror. 
Methods t o  incroaso the  offioioncy of i n r t r u m ~ t a t i o n ,  o l M c a l  
f a c i l i t i o r ,  and pat ien t  handling. 
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C. Subtasks 

(1) hrw &dical Service Graduate School is investigating the bacterio- 
logical and biochemical aspects of dental carier. 

(2) The hued Forces Institute of Pathology is investigating the etiology 
and methods of classification of periodontal diaeaee . 

(3)  The University of California under Dr. Herman Becks is studying the 
effect of the topical application of fluoridea and other substances on the con- 
trol of dental caries in young adulta. 

(4) 
of fluoride substances on the nutritional requiremento of the frctLbacillu6 
aoidophilur . 

(5) 
hirtochemical analysis of the gingin1 tisauea in relation to periodontal 
direaae . 

The University of Indiana under Dr. Harry G. Day is rtudy+g the effect 

The Univwrsity of Illinoia under Dr. Milton Engel is undertaking I 

(6) The Beth Israel Hospital under Dr. Henry Goldman is rtudying the 
mechanics of pocket formation in periodontal disease by histopathological 
method8 

(7) The University of Illinois under Dr. Joseph Weinrmna is conducting 
cytologic 'studies on oral epithelium in regeneration, and in benign and malig- 
nant neoplasia . 

( 8 )  Walter Reed Arw Hosp.it.1 Dental Service is investigating the hard 
tisrues of the masticatory mochaniun by cephalomtrio means, to accomplirh a 
more adequate rertoration to normal function. 

( 9 )  The University of Rochester under Dr. Basil G. Bibby i o  studying 
the role of bacteria and their productr in non-specific gingival dirturbancerr 

(10) The University of Illlnole under Dr. VVilllam M. Wainwright l r  
conducting an autographic determination of the ability of variour bacteria and 
other subetucer involved in the production of the oariour lesion to penetrate 
dental rtructurer and filling materials, by the use of radioZectivs tracerr. 
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(12) Georgetown University School of Dentlatry under D r o  Gurtav h g e r  i r  
evaluating ruper f ic ia l  kera to t ic  lesions of t h e  o ra l  regionr by c l i n i c a l  and 
his tologic  mthodrm 

(13) The Univeriity of Michigan School of Dentl i t ry  under Dr. Donald Kerr 
i r  studying the  e f f ec t  of inhalat ion of a i r  borne par t ic lee  resu l t ing  f romthe  
uae of abrasive technique in cavit;y preparation. 

(14) The University of I l l i n o i s  under D r .  Iraao Schour ie invert igat ing 
the response of the dental  pulp t o  the traumatic and chemical i r r i t a n t s  and t o  
the  variour typer of cavity preparation and f i l l i n g  materials. 

(15) The University of Michigan School of Dentistry under Dr. W i l l i a m  
ldann i o  investigating the  poes ib i l i ty  of u t i l i z i n g  f l u i d  turbine power In the  
dental  handpiece a 

(16) A t  the  National Bureau of Standards, research is being conducted on 
the  phyrical propertier of dental  materialr, res tora t ive  procedurer, and of 
increasing eff ic iency in res tora t ion  technique8 . 

(17) The University of Southern California under Dr. Hollenback i r  attempt- 
i n 2  t o  determine more ef fec t ive  meam of u t i l i z i n g  amalgam al loys by corre- 
l a t ing  laboratory data with c l i n i c a l  procedures . 

(18) The Ehrtmm Dental Dirpenrary under Dr. Finn Brudevold i r  rtudying 
dental  fidhesivea. 

(19) Indiana Univbrsity under Drm Robert B. Fischer i a  r tudyhg  the  phyrb 
i c a l  s t ructure  of dental e m 1  and boner, with par t icu lar  empharir on surface 
otructure 

(20) The Univeroity of lVebraska under Dr .  Ralph Le Ireland is conducting 
III invert igat ion t o  detsnnine the stress and r t r a i n  pat ternr  nhioh may be re t  
up in the tooth as a r e r u l t  of various types of c las r  I1 cavi ty  preparationr 
f o r  r i l v e r  amalgam restorat ion.  

(21) Madigan Army Horpital is conducting a i tudy of Periodontal bisease 
i n  Perrons between the ages of 20 a d  23. 

(22) Tuftr College Dental School under D r m  Cm DO 16.rrhr.11-Day i r   COP^ 
ducting an epidemiological s t u d y  of periodontal direale .  

(23) The University of Rochester under Dr. E l l i o t t  A. Maynard is con- 
ducting experimentr in the development of dental car ie r  in the Syrian ]iuPrtero 
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(24) Ihe University of Indiana under Drr. Joseph C. W l e r  and W i l l i a m  G. 
Shafer I 8  rtudying the relat ionship between the  endocrine ayatem and dental caries.  

(25) Poroy Joner Army Horpital i s  studying electronics as a diagnoatic a id  i n  

(26) Northwortern University under Dr. Eugene W D  Skinner i s  studying new 

dent i s t ry  

derignr and greater eff ic iency of dental  too ls  a t  variour speeds. 

urd chemiorl l n r ly re r  re la ted  t o  the  apat i t fes  ofdental  enamel. 
( 2 7 )  New York University under Dr. Otto R. Wauts is  studying the preparation 

(28) The University of Indium under D r .  Grant Van Huysen i a  studying the  
rerponre of dentln and pulp t o  the cu t t ing  of cavi t iea  i n  the tooth by airbrasive 
compared t o  the  response t o  cavity preparation with the present standard procedures. 

( 2 9 )  The Thimtrsity of Pit trburgh under D r .  S. W a h  h u n g  i e  studying the 
influenoe of sal ivary secret ion on oalculus formation ad studied by the use of 
radio-isotopes. 

(SO) The following addi t ional  subtarkg are  planned for Fy 1954 

(A) Treatment of dental  carieo i n  young adul ts  by the u8e of chemioal 
agentr ruoh as fluorides, col loidal  r i lver ,  co l lo ida l  iodine, e tc .  

(b) 
corrective procedure8 . Treatment o f  periodontal disease by more effeot ive u t i l l aa t ion  of 

(c) 

(d) 

Studler t o  improve treatment methods re la ted  t o  dental  oaries. 

Improvement of ora l  surgical  techniques, inetruments, and materials 
l n  the  treatment of o r a l  dieease, and traumatic injur ier .  

(e) 

(f) Therapeutic x-radiation i n  dent is t ry .  

Studio8 in to  more e f fec t ive  methods of ora l  diagnoeis. 

(g j  Hietological r tudier of tooth s t ructursr  using rad iao t iv . . \  i ro  
, - *  - - 
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d. Other Information: 

The following research proposals a r e  nov under considerat ion by the  Dental 
iiesearch Advisory Committee of the  Army and w i l l  be ac t iva ted  a s  soon as approved. 

(1) The University of Alabama under D r .  \I. Rard Figman is- t o  study 
the nature  and amount of carbohydrates i n  human s a l i v a  and t o  s tuay their re- 
l a t i o n s h i p  t o  the e t i o l o g .  of denta l  car ies .  

(2) The u n i v e r s i t y  of Minnesota under D r .  'viallace D. Armstrong i s  
t o  develop improved methods f o r  determination of microquantit ies of f l u o r i d e  
i n  b io logica l  mater ia ls  (foods, urine,  blood, s o f t  t i s sues ,  bone and t e e t h )  
and t o  apply these methods t o  t.he study of the  "normal" metabolism of t h i s  
element. 

(3) The Yialter G. Zol ler  Memorial Dental C l i n i c  of t h e  Enivers i ty  
of Chicago under Drs. Thomas B. Coolidge and Frank C. Beoic i s  t o  study the 
a n a l y s i s  of f a c t o r s  associated with the i n - v i t r o  production of caries of the 
enamel. 

( 4 )  Indiana Univermity under Professor  b l p h  P h i l l i p s  i s  t o  study 
the  e l e c t r i c a l  and thermal conductivity of denta l  cements and r e s t o r a t i v e  
na t e r i a l s .  

( 5 )  The Universi ty  of I l l i n c i s  under D r .  iiobert F. Nystrom i s  t o  

Padioactive a c r g l i c  mono- 
synthesize a s e r i e s  of compounds of denta l  i n t e r e s t  t h a t  w i l l  be he lpfu l  i n  
research on denta l  pathology and denta l  mater ia ls .  
mer is the  f i rs t  compound t o  be eynthesized. 

e .  Eackpround and/or Progress: 

Avery has s tudied t h e  formation of t e e t h  i n  swine from t h e  time of i n i -  
t i a t i o n  of erupt ion and i n  man from the time of i n i t i a t i o n  t o  amelogenesis. 
The Bel l  stage of development furthermore i s  characterized by a contact of the  
inner  and outer  enamel epitiielium v;hich occurs j u s t  before dentinogenesis begins 
Later  during amelogenesis the to:, of t h e  enamel organ is  evaginated exposing 
t h e  arnelogenic a rea  t o  the vascular  tootah crypt  area. 
vascular  network is es tab l i shed  i n  c lose contact  with the ameloblasts and 
t h e  c e l l s  of the stratum intermedium r o t a t e  90' durins  t h i s  period so t h a t  
1 end of these c e l l s  i s  i n  contact  with the  c a p i l l a r i e s  and the  other with 
the  neighboring ameloblasts During erupt ion the stratum intermedium c e l l s  
appear t o  r e v e r t  t o  t h e i r  o r i g i n a l  plane perpendicular t o  t h e  ameloblast and 
t o  p r o l i f e r a t e ,  forming c e l l u l a r  bridges between the reduced enamel organ e p i t h e l i -  
um and tho gingival  epithelium. 

I n  l a t e r  s tages  a 

I n  man, Avery found t h a t  the l a b i a l  and the  denta l  lamina develop 
a t  approximately the same time. ;he b e l l  s tage of tooth development does 
not  occur i n  man o r  pig u n t i l  the stratum intermedium (overlaying the inner 
enamel epithelium) contacts  the outer  enamel epithelium. 
t i o n  of  the formative c e l l s  begins s l i g h t l y  before t h i s  time 
i n  both species but  these c e l l s  do not  mature u n t i l  complete 

Hieto-different ia-  
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invagination occurs. 
vaginated inner enamel epithelium i n  both man and pig. 
amelogenesis in man the upper convexity o f  the enarnol organ i s  evaginated so 
t h a t  113 t o  1/2 of the amelogenic area is i n  contact with the tooth crypt 
and the remainder i s  i n  contact with the s t e l l a t e  reticulum. Zvidence is pre- 
sented by Avery that the 3 lobes of t h e  maxiliarg cent ra l  inc isor  a re  indicat-  
ed a t  an ear ly  stage of tooth formation i n  mn. 

Dentinogenesis occurs a t  the apex of the completely in- 
k t  the beginning of 

Beck8 has been studying the e f fec ts  of f luorides  on car ies  i n  the young 
adult .  
preceded by thorough dental  examination, d ie ta ry  history,  2 Bacillus acido- 
D h i w c o u n t s ,  roentgenograms, and pro2hylactic treatments. O f  these, 68 
stucierts of the 1st group, started i n  April 1949, were re-examined f o r  car ies  
a c t i v i t y  a f t e r  1 year. Of this group, i n  May 1951, only 58$ responded t o  
the request for re-examination, a large number having joined the armed forces  
during the year. During the 1st 4 months of 1952, 6 groups of sturients who 
enrolled 2 and 3 years ago in the f luorine administration program were re- 
called,  re-examined, and re-roentgenographed. On0 hundred and one etudents 
had t h e i r  1st-year dental  check and belong t o  2 groups which were s tar ted i n  1951. 
One hundred eighty-nine had the 2nd-year re-examination; they uere s ta r ted  i n  
1949 and 1950. 

Up to  July 1950, 548 students had received 4 f luorine applications 

i!iith each re-examination a sal iva specimen is obtained for the determin- 
a t ion  of the Lactobacillua acidophilus index as well as roentgenogra;ihic b i t e -  
wing pictures. AI1 dental examinations are made by 4 s t a f f  members nho have 
been with the project since in i t i a t ion .  An estimated 1,OO students would re- 
ceive t h e i r  2nd-year check and approximately 500 the i r  3rd-year check during 
1953, leaving an estimated 500 students f o r  1951,. 

Day hae devoted considerable e f f o r t  during the pas t  few months to studiee 
aimed a t  the  fur ther  reduction of the l eve l  of f luorine i n  the components of 
the  experimental d ie t .  
time-consuming. 
low i n  f luorine i s  so important, this work i s  being continued. 

Some success has been achieved, but the methods a re  
Because a means of producing d ie ta ry  components extremely 

The a b i l i t y  of beryllium t o  form a soluble complex with f luorine,  under 
certain conditione, l ed  t o  an attempt by Day t o  apply t h i s  property % the 
pur i f ica t ion  of d ie ta ry  components. A l l  such efforts have been unammssful. 
None of the various methods of dialysis t r i e d  haa shown promise. The best  
methods f o r  starch appear t o  involve repeated extraction with dilute acid. 
The best proparatione of casein have resulted from repeated precipitation 
from s l igh t ly  alkaline solution8 and washing with large amounts of water. 
&fortunately, the best reeul t s  a re  obtained when the batches dn nn+ -y,-*nt~ 
~n L- m r  - ~ - 
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connective t issues  which have been studied t o  t h i s  time by Engel behave as com- 
ponents of a continuum which vary f r o m  loose t o  densely aggregated, negatively 
charged colloid. The inter-action of posi t ively charged ions with the col loid 
i s  now virtual1.y predictable upon the determination of the density of colloid 
from electrochemical data. Each t i s sue  a l so  has a l a b i l i t y  which reamlts i n  a 
var iable  range from "loosenessn t o  "tightness" under hormonal and other inf lu-  
ences, The d is t r ibu t ion  of colloid, water, and e lec t ro ly te  between a colloid- 
rich,  water-poor phase and a water-rich, colloid-poor phase has been postulated. 

Engel believes t h a t  the serum nucoprotein leve l  and the urinary excre- 
t i on  of mucoprotein largely represent resiclues from the turnover of connec- 
t i ve  t i s sue  ground substance. Additional s tudies  must be done to  t e s t  the 
hypothesis. 
t o s i s  appears t o  be unrelated to  loca l  causes. 
thyroid ex t rac t  lead Engel t o  consider t h a t  act ive extensive bone resorption 
due t o  any cause may be ref lected by an elevation of the serum mucoprotein 
l eve l  due to solution of residues of the mucoprotein bone matrix. 

Zngel f inds  t h a t  the generalized alveolar bone loss i n  periodon- 
Sxperirnental s tudies  w i t h  para- 

I n  such conditions a s  dentinogenesis imperfecta, odontonee, pulp stones, 
i n t e rna l  dentin resorption, etc., the dentin i s  characterized by an a l te red  
chemical reac t iv i ty  which leads t o  a more intenoe reaction with the periodic 
acid-leuchofuchsin reagent according to  Engel. These histochemioal f indings 
a r e  interpreted t o  indicate a more loosely aggregated matrix i n  the abnormal 
dentin. 

A se r ies  of rabbi ts ,  guinea pigs, and monkeys were subjected t o  varying 

Some of the animals have been sacr i -  
quant i t ies  of a i r  abrasive powder by €:err. 
abrasive powder containing tooth dust. 
f iced  immediately following a long period of exposure; others  have had a period 
of 30 o r  more days without exposure to  determine whether the changes w i l l  resolve 
o r  whether there is residual  e f f ec t  following severe exposure. Microscopic stud- 
i e s  show marked changes i n  lungs i n  animals sacr i f iced immediately following 
exposure, 
In animals sacr i f iced 30 days a f t e r  l a s t  exposure, changes are residual. 

Some animals were subjected t o  a i r  

The changes a re  more severe i n  the animals with the longer exposuree. 

A survey of 2,929 male pat ients  has been accomplished by Kruger. A l l  
s ign i f icant  o r a l  les ions were studied both c l in i ca l ly  and his tological ly ,  
emphasis boing placed on leukoplakic and kera to t ic  lesions.  The presence of 
dyskeratosis was considered essent ia l  f o r  the his tologic  diagnosis of leuko- 
plakia,  and the c r i t e r i a  employed f o r  the c l in i ca l  diagnosis of t h i s  disease were 
those commonly used i n  dentf is t ry  today. 
24 were of  a kera to t ic  nature, Nineteen of these 1esior.o i iore c l in ica l ly  diag- 
nosed as leukoplakia but confirmed by histological  study i n  only 1 instance. 
The other  kera to t ic  lesions were given the microscopic diagnosis of focal  kera- 
t o s i s ,  foca l  keratosis  and acanthosis, verrucous acanthosis and squamous cell  
carcinoma. 
to ta l ing  1 5  i n  number. 

There were 57 l e s ions  of a l l  types; 

O f  a l l  the 57 les ions disclosed, the fibroma appeared most commonly, 
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/lam has conducted experimental work on the use of f l u i d  turbine power 
Five e l e c t r i c  drive handpieces have been constructed and de- 

Three 
i n  dent i s t ry .  
l ivered  f o r  tes t ing  by the U. s. AT, Office of me Surgeon tieneral. 
turbine drive handpieces have been completed. 
been equipped with pressure ou t l e t s  f o r  the measurement, b:r means of men- 
ometer banks, of the a i r  pressure on both s ides  of the nozzle plate.;Every- 
thing is  i n  readiness t o  determine experimentally under which cordit ions 
of operation and d e t a i l s  of construction the turbine type dental  har?dbioce 
w i l l  produce the greatest  torque and speed Fiith the air pressure available. 

One of these handpieces has 

Studios by Schour on traumatic and chemical i r r i t a n t s  on tee th  in-  
d ioa te  t h a t  following cavi ty  preparation the pulp of the dogs showed a mild 
inflammatory reaction beginning a s  an i n f i l t r a t i o n  of acute inflammatoiy 
c e l l s  and progressively changing in to  a chronic stage, 
en t  recovery had occurred. 
averaging about 60 microns i n  width. 
more prominent i n  the dog than i n  nan. 
s t a r t ed  a s  a mild acute inflammation, became chronic, and was s t i l l  appar- 
en t  a t  26 days. 
and ranged in width from 30 t o  120 microns. 
sponses i n  the dog and monkey were milder than i n  man, with the uonkcy more 
nearly approaching the human series.  
both animals supported the conclusions drawn from the study of human ma+.:rial 
which a@ 1) I n  view of the presence of inflammation, 1st acute and l a t e r  
chronicdature ,  base p l a t e  gutta-percha is not as innocuous a dental  f i m n g  
material a s  has been assumed; 2) 
tween the reactions of dentin and pulp i n  cavi t ies  prepared by the bur tech- 
nique and by airbrasive technique. 

A t  21 days appar- 
A t  about 16 days a secondary dentin had formed, 

Tho secondary formation of dentin was 
In the monkey the pulpal response 

Secondary dentin vias 1st seen i n  the 19-day-old cavi t ies  
The pulpal and dentinal r e -  

The general pat tern of reaction i n  

There a r e  no s ignif icant  differences be- 

Schour developed a procedure which employs the lower inciaor  of the 
rat a8 a biologic t e s t  object f o r  demonstrating the ea r ly  e f f ec t s  of loca l  
mechanical and chemical In ju r i e s  of the cytoplasmic extension upon the per- 
ikaryon of the odontoblasts and upon the connective t i s sue  of the pulp. 
This will be a useful  biologic screening t e s t .  

The odontoblasts showed functional and morphologic a l terat ione.  
mildest functional changes were ref lected i n  a l l  cases i n  the calcio- 
traumatic response of the dentin. 
a varying number of odontoblasts, ranged from reversible albuminoid degen- 

The 

The morphologic changes, which viere seen i n  
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same period. 
s t i l l  present  96 hours a f t e r  t h e  experiment. 

1% parafomldehyde  i n  deep cavities caused injuries which were 

'-%e s tudies  by Van Huysen on t raumatic  and ckemical i r r i t a n t s  v e r i f y  
previous f ind ings  and fundamental conceptions with respect  t o  the v i t a l i t y  and 
recuperat ive ;:ovmrs of the heal thy pulp. 
a t e l y  with a n o n i r r i t a t i n g  mater ia l  i t  m i l l  survive as a normal funct ioning 
organ. 
c losure of the exposure with a dent in  bridge. 
if a pulp i s  successfully capred, the exposure a rea  should n o t  be reopened. 
There can be no f u t u r e  f o r  a pulp t h a t  has been exposed f o r  more than 6 t o  8 
hours, whether it be due t o  car ies ,  f r a c t u r e ,  or any o ther  cause. Inflammg- 
t i o n  of the  ~ ~ u l p ,  whether i t  be hyperemia o r  necrosis,  i s  not  conducive t o  succ- 
e ssful pulp capping. O f  g r e a t  importance a r e  accurate  diagnosis,  immediate 
pro t e c  t i c n ,  and non-irr i  t a  t i n g  pro tec t ive  materials.  

If t h e  heal thy pulp i s  capped immedi- 

He has shown t h a t  s a t i s f a c t o r y  capping may o r  may not  be followed by 
It  i s  therefore  suggested t h a t  

The study of t e e t h  by !VainWright from p a t i e n t s  t r e a t e d  with 1131 i n d i c a t e s  
t h a t  t h e  in-v i t ro  observation of enamel surface uptake, penetrat ion,  of enamel 
lamellae and damaged denta l  s t&tures ,  and t h e  d i f fuoe  penet ra t ion  of i n t a c t  enam- 
e l  b;F c e r t a i n  small organic molecules have a l l  been dupl icated i n  t h e  l i v i n g  hu- 
man subjec t  i n  t r a c e r  s t u d i e s  vrith radioact ive iodine. 
of iodine loca l ized  i n  the t e e t h  could be de tec ted  by radioautographic techniques, 
between t e e t h  extracted a t  per iods a f t e r  radioact ive iodine adminis t ra t ion varying 
from 5 hours t o  19 hours. 
dence obtained ..suggests t h a t  the iodine i s  retained i n  approximately the o r i g i n a l  
amounts i n  human t e e t h  under l i v i n g  condi t ions for atleast  2 weeks. 

No di f fe rence  in amount 

For unexplained reasons much of the  experimental evi- 

Waimvright has found t h a t  t h e  d i f f u s e  penetrat ion of 1131 through the 
tooth under in-vivo 
prominmt d i f f  erence be tween the  in-vivo and t h e  laboratozy experime.nts appeere 
a f t e r  2 neeks' immersion i n  water. I n  the t e s t  tube the iodine becomes more Uni- 
formly d i s t r i b u t e d  through the dent in  of the tooth and tende t o  leave the middle 
port ions of the enamel. I n  the l i v i n g  human subjec ts  on the o ther  hand, severa l  
specimens have shown t h a t  loca l ized  depoeita of 1131 have been maintained f o r  
per iods a s  long a s  19 days. 

Conditions may be corfirmed by in -v i t ro  observations. A 

Based upon s t u d i e s  by ;'leinmann of benign and malignant o r a l  l es ions ,  
it has been determined t h a t  l a r g e  amounts of phosphamidase are present  i n  a l l  
types of malignant growths studied. 
types of growthe commonly considered a s  benign, e.g. i n  g i a n t  cel l  tumors, and 
i s  absent i n  hyperkeratot ic  les ions.  This may become an appl icable  diagnost io  
a id .  

Phosphamidase i s  present  a l s o  i n  some 

f .  Future Plans: Studies  w i l l  continue as described above. 

g. Ref erencd s : k'ro gre s s r e p o r t s  of inve et igators .  
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D n E F .  The investigator i o  oonducting an autographic determination o f , t h e ,  
a b i l i t y  of various bacter ia  and other substances involved i n  producing :the carious 
les ion t o  penetrate dental  s t ruc tures  and f i l l i n g  materials by , the  uee ,of , rad ioac t ive  
t r ace r s  1 '  

BACKGROUND. Three t ee th  from pat ien ts  who have received Au198 have been cu t  
i n t o  16 ground sections and 28 radioautowaphe were prepared, The r e s u l t s  with A d 9 8  
were negative, conf i m i q  the c l i n i c a l  observation that Ad98 given intraperi toneal ly  
i n  the  co l lo ida l  form doee not  leave the  per i toneal  cavity.  The blood was a l eo  ne@- 
t ive .  

- In-vivo -- human examinations of cementum metabolism a r e  eas i ly  made on t e e t h  from 
old disease.  Cel lular  and ace l lu l e r  pa t ien ts  t rea ted  with radioactive iodine f o r  t l  

cementum were of ten diffusely penetrated by 113y Complete penetration ocourred i n  
t ee th  exposed t o  1131 -- in-vivo i n  as short  a time as 5 hours and was st i l l  present i n  
t ee th  exposed t o  1131 as long a0 18 hours. 
Exposed cervical  dentin was penetrated deeply t o  the pulp chamber. Deep penetration 
occurred through secondary dentin as well. 

Presumably the  time l imit6 are much wider. 

I 

Twenty-five human t ee th  from such pa t ien ts  were sectioned, 158 ground eec t iom 
made, and 410 radioautographs were made of these sections.  

PROGRESS. In-Vitro Observations with Dyes - Freshly Extracted H u n n n  Teeth 
Stained with S i lver  Nitrate ,  
solut ion f o r  periods of fnmn 5 minutes t o  50 &yo. 
sec t iom have been prepared. 
have been m d e  a t  t h i s  time. 

Thirty-two t ee th  were s ta ined by Immersion i n  4% A B 0 3  

Only v i sua l  observatione of the  extent of penetration 
One hundred and seventy-six ground 

In-v i t ro  and In-vivo Obeervations with Labelled Compounds: H m n  In-vivo Studies 
of  the  Penetration of Teeth by 1131. 
t ee th  from pa t ien ts  t rea ted  with 1131 are: 

Further conclusions resulting f i o m  the  study of 

The -- in -v i t ro  observation of enamel surface uptake, penetration of enamel lamellae 
and damged dental  s t ructures ,  and the  d i f fuse  penetration of intact  enamel by ce r t a in  
mall organic molecules have a l l  been duplicated i n  the l i v ing  human subject i n  t r ace r  
s tud ies  with radioactive iodine. 

No difference i n  amount of iodine local ized i n  the t e e t h  could be detected by 
radicautographic techniques, between t e e t h  extracted a t  periods a f t e r  radioactive 
iodine administration varying from 5 hours t o  19 hours. 

For unexplained reasons much of t he  experimental evidence obtained suggests that 
the  iodine 10 retained i n  approximately the  or ig ina l  amounts i n  human t ee th  under l iv ing  
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ccndi t i th i  -k&.~.kt''il&ist '2~weeks. 
' L Y l l i J L  k): S.tbu f ' l  &!?:1 

The unusually large number of t ee th  avai lable  f o r  this 
p l ied  by the staff of the Veterans Administration Hospital, Hines, I l l i n o i s .  

In-vitro Studies of t h e  Penetration of Freshly Extracted Human Teeth by 1131. 

investigation was sup- 

In order t o  make possible comparison of in-vitro with in-vivo observations 15 t ee th  
have been cut i n t o  95i sections and 2 4  radioautographs made from these. 
The diffuse penetration of 1131 through the  too th  under in-vivo conditions has been 
ccmfiroled by In-vitro observations. A prominent difference between the in-vivo and 
the laboratory experiments appears after 2 weeks' immersion in water. I n  the t e s t  
tube thb iodine' betimes more uniformly dis t r ibu ted  through the  dentin of t he  tooth 
and tends'  t o  leave the' middle'portions of the enamel. 

been maintained for periods as long as 19 days. 

_. ' j  Hamster Colon The hamster co lmy  now consis ts  of 6 adult f emles ,  2 adult 
males, ---8T-y and 2 o fspr ing 20-25 days old. The 6 adult females and 28 offspring, then  
aged 10 daw .mro placed on the carioGxnic d i e t  described by 'J. G. Shafer (Science, 
110ta 4 3 ,  1919). As 2nd group of w e a n b e ;  hamsters was procured and placed on the 
cariogenic diet  a t  t h e  age of 25 day. 
there  will be an am l e  supply of in-vivo carious les ions  f o r  the experiments vdth 

-- 
Conclusionst 

-- -- 
In  the l i v ing  human sub ects ,  

an the  other' hand, several 'specimens have shown that local ized deposits of 113 i have 

It i s  ant ic ipated that during the summer 
-- 

I _  

dh&l.ourea and C 9 -sucrose. 
I _  

FUTURE. In-vitro observations of s i l ve r  n i t r a t e  penetration w i l l  be continued - -- 
with, an attesnpt to c l ea r  sections in ani l ine  o i l  i n  order t o  check the extent  of pene- 
t r a t ion  of s i l v e r  nitrate observed v isua l ly  by a more accurate microscopic observation&. 
ldicroscoplc obsemation is  d i f f i c u l t  a t  present, due t o  the  thinness of the  epecimens 
and the presence of extraneous stains i n  carious areas. 

The in-vi t ro  observatim'of methylene blue penetration w i l l  be studied w i t h  the 

The -- in-vitro experlmnts  !on Iul penetration w l l l  be continued and manuscripts 

Further. investlgatlcns w i l l  be made of the  conditions necessary f o r  obtaining 

-- 
a i d  of cutt ing coolants permitting th in  sectioning without vuater. 

prepared describing the result's. 
. a  J 

th in  sect ions wlthout the necessi ty  of using water a3 the cutt ing coolant. 

' 

as cut t ing[  methods: am ddeloped. 
servations on the carious lesim of the  hamtar. since hamster tee th  cut  more easily 

' ,The' studies  of penetraticb by &-thiourea and C L s u c r o s e  ~3.11 be contimed 
Considerable progress may be possible with ob- 

1 than do human teeth.  
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