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Project No. 6-60-09-11 NOT FCR PUBLICATION
Contract No. MD-T9 ) Report Date 30 June 1952

Serum Proteins in Liver Diseage

Dr, Roy H. Turner
Tulane U, Sohool of Medioine
New Orleans, Loulelana

ERIEY¥., The purpose is to inveatigate aerum lipid and protein behavior in liver
disease by means of an apalytic centrifugation technique.

BACKGROUKD. Experiments with P32 were carried out on 3 normals and 1 case of
polycythemia, The rate of labeling of 1lipid phosphorus was especially ra.pid. at poms
levels in the column of centrifugate and was low at others.

Utillizing the investigators methed of using the quantity uwltracentrifuge so as
to pample the column at 10 levels and to make multiple analyses of the centrifugate,
an experiment was devided to show the effect of ocmg tes caloric starvation in a
healthy but obese medical student. Iabeling with P/€ indicated that the fall in con-
centration of neutral fat in the ¢ream layer and inoreaae in conocentration of llplda
in the low-medium density zone were associated with an inoreaged rate of turnover of
phospholipida in thepe reglona, Tentative interpretation was that the lipide of the
low-medium denslty zcone play a apecial role in the adaptation of the individual to
the stress of complete caloric etarvation and that the lipids present in thie portion
of the centrifugate are in an as-get-unidentified part of the path between lipld depots
and the site where the fatiy acids will be utilized in energy metabolism.

PROGRESS, The investigators accomplished the following: Devised a new and im-
proved ultracentrifugal progsdure for the study of serum lipids and proteins, This
pormitted finding for the let time of lipoproteins which oontain phospholipide but
no cholesterol; ZXetablished normal values for the influence of ingestion of lipid-
rich meal, etarvation, acute virus hepatitis, and other olinical digorders; deter-
mined differences in tagging with P72 at different levels in the ultracentrifugate;
and desorived 3 systems of 1ipid complexeas with the funotions attributed thereto.
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Project No. 6=60-09-11 ' NOT FOR PUBLICATION
Contract No., MD-80 Raport Date 30 June 1952

Dr, Ceoll J, Wateon
Department of Medicine
University of Mirneeeta Hospital
Minneapolis 14, Minn,

BRIEF., To conduct studies whioh wil) ocorrelate ths physiologlo dysfunctions en-
countered in infestious heapatitis and its chronic sequelae with the pathologio changes
and oliniocal symptoms attributed to the infectlon.

BACKGROUND, Work on thea effect of aureomycin on m‘bilin nnd stercobilin formation
as related to changes in fecal flora yielded rather conelusive.evidence that the reduction
of biltrubdn to urobilinogen oecurs only in the inteatine and requires the presence of
coliform organimms, and that neither meso bilirubinogen nor storoobilinogon is formed in
appreciable amountsa followlng aureomycin therapy.

There was developed a quantitative microflucrospectrophotometer for cytochemical
studles, especially of the liver, After offhetiing the danger of too great sensitivity,
valuable fesults from the work on Porphyrin Metabollsm in Liver Diseass are clearly
indicated: a) Localization of porphyrins, csroid, Rose Bengal, etc., can be readily
studied, 'b) The study of fluorescence spectra of minute amounts of material in sclu-
tion (1.e. = 10-13 gms. porphurin] should prove waluable in characterization and iden-
tifieation.

Stimalated by Stich's report that riboflavin in larges amounts markedly reduecss
: n sxcretion, the effects of riboflavin phosphate given imtwavenously twice dally
mmstudied, While very significant decreases of coproporphyrin were seen in cartain
cases showing olinlcal and laboratory improvement, the data esre insufficient to prove
thess changes related to the riboflavin, _

. Choli; rase. Lr,
Frame a:ﬂ lliss Traimr eonplotoly coni‘:lmd the reliability of the method. Dr Stevenson
sollected data in various cases of liver diseass in order to sse whether the cholinee-
terase determination is of value in distinguishing hematemssis from a bleeding varix
from that due to other causss suoh as peptle ulcer, It is also deslired to learn itas
value with reepect to liver injury from operetions and anesthesia.

Studies on Exnarimntul_l.inr_lnm {Dr. Hoffbausr), Uripary and feoal copropor-
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coproporphyrin frequently encountered in liver dissases ars related to a diasturbed celluler
metaboliem 1in the liver. Therefors substances known to have importanbe with relation to
liver coll metabolism, have been used in large amountas and, wherever possible, in pure
form. The broad plan has been toc observe the patient's general status and liver-function
tests done perially dusting a period of hospital diet and bed rest, In very 1ll patients,
bhowever, treatment was often gptarted immediately and in these instances it was much more
difficult and often impomgibls to assay beneficlal effects, at least whers there was ;
improvement. Reasonably acceptable data have been recorded in 69 sxperiments conducted in [
41 patients. A much larger number of patients was studied, but in instances of rapid
improvement, rapid deteriorstion and death, or other factors, the data, not considered
satiefactory, were omitted,

The selesction and fraquency »f the laboratory procedures depended upon the character
of the problem, with particular relation to the relative aculty and the presence or ab-
sence of jaundice. Usually the urinary coproporphyrin and probilinogen were followed
daily or every othar day. The substances and number of experiments conducted with each,
in the 41 patients follow:

Riboflavin (crystalline phosphate, Coramine : 1
40 mgs, per day) 9 Folic Aoid 4
Vitamin (eryetalline, 1000 mg. Crystalline co=-carboxylase
poraaiy parentsrally) 11 (20 mgs. daily iptra- ‘
Lipoadrenal extraet (Upjohn) 8 muscularly) 2
Aureomycin 12 Testostarones proplionate 2
Chloromyeetin 1 Naoroton 2
ACTH 8 Intraheptol 2 _
Maein 5 :

There was some overlapping; a substance might be started while another was still
being given. Since in these inatances there was no evidence of therapsutic benefit, thisz
factor might be disregarded, although the poselbility of antagonism cannot bs fully
exgluded, There is extremes difficulty in any event im controlling sxpariments of this
type as to caloric intake, type of calories, fluid intake, activity, ete. It .was per-
fectly clear in a rumber of instances, not included in the adbove group, that bed rest
and hospital diet alone produced ateady and often marked 1nprovmnt. This was trme only
in the cases of alcoholic oirrhosis and hepatitis. The cafes of olrrhoeis following
hepatitis or of idiopathic cirrhosis regularly failed to show improvement in any consis-
tent fashion or in reletion to anything that was done for them.

0f the above, those requiring mention ere lipoadrenal extract, aurecmycin, testo-
sterone, and ACTH. The others, and lipoadrenal extract, had no significant effects from
elther a clinical or a Laboratory standpoint. (This study of 8 cases failed to eonfimm
Webster's claim that lipoadrenal extract was very beneficiaml in various types of sub- .
acute or chronic liver disease.) There was no benefit in 8 cases treated with ACTE ex-
cepting that in the 4 instancea of cholangiolitic type in whioh pruritus was a prominent
symptonr and thers was slevation of the serum bile acids, the exhibitiom of ACTH was
followed by a significant decreass in the bile acid concentration and prompt amelio-
ration or disappearance of the prmxitus; this recurred in all instances within 2 weeks
after the dlscontimiance of ACTH., In 1 instance 2 courses were given several months
apart, with the same result ém both occasions. The adverss effects included 2 instances
of nematemssia following shortily upon the use of AGTH, 2 others of mental change, 1 of
distinet inewsass of ascites and edema,
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ar K The effeot of aureomycin was generally disappointing. Its sdministration to 3 pat~
X lents ip coma appeared to produce conacicusness but the improvement was shorte-lived and
the patients died. In certain cases of alcoholic cirrhosis, sureomyein eliminated the
fever of clirhosis and produced genarsl improvement., HNo benefit was observed in the non-
aleoholic, nonfatty group,

Experisnce with testosterone was very limited. Complete recovery fellowed its use
1 in 1 case which appeared to be a“long standing, subacute hepatitis, rather than cirrhosis.
In the other case, clsarly a post-hepatle cirrhoslis, there was no improvemant.

A, Mach attention has hoen given to the problem of an accurata, sanaitiva method of de-
termining blood stercobilin. 4 very satisfactory fluorimetric method has been achieved
for samples in which the bilirubin content is slight or negliible, but in lcterlic serums
the oxidation of bilirubin to choletelin interferes with the fluorimetry of stercobllin,
as the choletelin alsc gives a green fluorescence. Some very promlsing results have been
obtainsd recently with methode which protect the bilirubin from oxidation during the
gormation of the fluorescing zine complex of stercobilin., It is believed that this
mothod will be valuahble in further study of the stercobilin clearance in liver disease
and in relation to the mative urobllin and stercobilin of the blood in patients with
hepatic functional impairment.

' B. Desxtrorotatory or d=urcobilin has been studisd intensively, In additlon to its
very great dextrorotation (-4000), it is characterized by an intense purple-blus color
when heated briefly with dioxane and HCl. Thls cclor reaction i1s not given by sterco- -
} bilin and 1is given to a very slight extent by urobilin IX, a - the latter being cptically
i inactive and the former strongly levorotatory., A slmple method of resolving mixtures
! of these 3 substances in very mirute amounts semi-quantitatively will be applied to
i samples of urine and feces, with particular refersnce to the possible occurrence of
' d-urobilin in biliary tract infections., It is desired, furthermore, t2 study carefully
the proportions of stercobilin, d-urobilin, and urobilin IX, a, in urobilin containing
urines from liver and bllliary tract disease and variocus hemolytic anemiaa in relation
to: 1) the claim that mesobilirubinogen {@robilin IX, a) is formed in the liver rather
than in the colon, end is not a precursor of stercobilin and 2) that very significant
-diff'srences in the proportion of these 3 substances may be found in relation to certain
types of liver or billiary tract dlasase. A much simplified method of isolating these
.compounde provides a much greater yield than any hitherts employed.

C. A study with Dr. Paul Lowry involves the isolation of NL° tagged bilirubin from
the facea of a patient with hemolytic jaundics who was given terramycin. 1t was previ-
ously shown that terramycin at least temporarily affects the bacterial flora so that the
reduction of biliYubin is markedly interfered with. Realstant strains soon grow up which
ran raidnea M1irmhin. nnlvy 5 d=urabildin. not starcobllin.r.lowry devised a new method for
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easy aprroach to serial studies of fibrinogen in aeny given case of liver disease. The
valuable data already obtained reveal a remarkable difference in blood fibrinogen con-
tent in certain cases,

IV. Serum Pgseudocholinesterase. Further studies of the serum pseudocholinesterase
in liver disease and in nephrosisz have convinced the investigators of the value of this
determination in following any case of diffuse parenchymal liver disease and have shown
beyond doubt that in nephrotic hyposlbuminemia the value is normal or frequently ele-
vated. This work, and Kelly's recent observation here, that there is a heightened rate
of formation of albumin in cases of nephrosis, strengthen the concept now favored that
the serum pseudocholinesternse level reflects the rate of albumin synthesis in the liver.

V. Studies of the Uripary Coproporphyrin in Liver Disease. 4. It has been perplex-
ing that the values obtained in liver disease with the new 5-ml. method appear to be

relatively lower in respect to the normal range than might be antlcipated. The mean
pormal ¥alue with the new method is 3 times higher than the mean with the old method,

yvet in a series of casea of liver diseass the ratlo appears to be closer to 1.5 or 2.1,
and there are more sases with definite evidence of liver disease showing values within
the normal rangs. This is unfortunate, and the reason for it has not yet been determined.
The various factors are being studied.

B, The mathdd of coproporphyrin isomer analysis is being studied with a view to
finding a simpler and mwore nearly fool-proof modification.

C. A simple method has been developed for purifying porphobilinogen so that on
heating it does not give rise to uroporphyrin. The uroperphyrin precursor is Ehrlich-
negative in contradistinetion to the porphobilinogen, which is Ehrlich-positive., This
work revealed that the generally-held concept that porphobilinogen is a precursor of
uroporphyrin 1s inecorrect. This tople has direct application to liver diaease, since
perphobllinogen and large amounts of the colorlegs and non-fluorescing uroporphyrin
precursor are present in the urine in porphyria hepatica, and it is now believed (ses
below) that in this form of the disemse these substances are fabricated in the liver.

VI. The usefulness and sensitivity of the microflumorospectrometer have been
increasing steadily., Dewvelopments included a new type of lamp housing for a more in-
tense light source, and a chamber for cooling in an gmosphere of liquid nitrogen the
tissue or material to be studied. Marked cooling sharpens fluorescence spsctral lines,
and this study shows that cooling allows the porphyrin fluorescence to persist much
longer under illumination than at ordinary temperature, This is of special importance
in relation to the relatlvely lablle protoporphyrin. The apparatus has been very
useful in the study of porphyria, in which the concentration of porphyrin in the
tissues is high enough tc permit easy detection even at ordinary temperature. Incres-
sed sensltlvity was requlred, howsver, for the study of porphyrin fluorescence in
. normal tissues and in diseases other than prophyria. It is not yet certain to what
extent this will be feasible, but it is believed that the apparatus has now reached
a point of development where this is hipghly probable,

Partly by means of the microfluorospectrometer and partly with microanalytiesl
methods of other types, work with Dre., Schmid and Schwartz has olearly establibhed
a basic classification of porphyria. There are 2 main typss, powrphyria erythropoistieca
and pogphyrie hepatica, based on the site of formation. In the 1st type the normo-
blasts of the bone marrow are clearly those cells in which peephyrin is forming and
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it is evident that it 1s the nuclei in which this formation is greatest, In the hepatic
types, mowever, the bone marrow is normal, and there 12 no evidence of porphyrin forma-
tion in the merrow greater than the normal slight amount (meinly protoporphyrin). The
liver in these cazea contalns large ewounts of porphyrin, In the intermittent acute
form, however, thia is present largely as a chromogen which does not fluoresce and there~
fore escapea detectlon unless the liver is first heated. In the mixed form of hepatic
porphyria, characterlzed by photosensitivity and abdominal or nervous manifestations, the
liver contalns rather large amounts of performed porphyrin. This 13 probably fundamental
with respect to the presence of photosensitivity &fi this group. The fact that in the
casea of porphyria hepatieca the porphyrin is exereted in the wine as s zinc complex is
now taken to indicsate that as it ls formed in the liver 1t complexes with hepatic zine,
In porphyria erythropoletica, on the contrary, the porphyrin is excreted in the free
state, probably becausa there 1s no zinc available for it to complex with in the bond
marrow at the time of its formation,

VII. Studies of Experimental Liver Injury.
A, Attempts te Adapt Hepatitis Virus to Laboratory Animslg, The influence of a

yoast diet on the susceptibility of rats and hamsters to this virus was investipgated. The

"~ Incoulation of the virus was preceded and foliowed by brief periods of administration of

ACTH or cortlsone to enhhnne the likMihood of infection; . results were negative. 4n
attempt to infect cortisone-treated monkeys witl! suspected hepatitis virus was unsucceas-
ful, In a study conducted with Dr. Lewlis Thomas, 3 animals wers insculated.

B, Diotary Hepatlg Neprosis in Rats. The study of massive hepatic necrosis in rats

maintained on yeastmecontaining diets has been continued. here. 4n Initial goal has been
the development of experimental conditlons whereby massive necrosis can be recognized in
an ineiplent stage. Once such conditlons are astablished and known, dietary necrosis
becomes a very useful tool for the study of postenecrotic scarring and eirrhosis. Very
encouraging progress can be reported. :

1, BEilirub in Dietsry Necrosis. Convenlent methods are available for testing
for the presence of bilirubin in small quantities of urine. When rats maintained on
necrogenic diets are tested daily, 1/3 exhiblt bilirubimuria as a terminal event and 1/3
exhibit intermittent bil¥rubinuria prior to desth. Accumulated evidence indicates that
the occurence of bilirubinurla is correlated with epidodes of hepatic necrosis. It
appears, therefore, that dietary necrosis is not always an lmmediately fatal event.

Under the current conditions, some anlmals suffer an episcde of necrosid, recover tempo-
rarily and succumb in a subsequent episode. 4ll eventually die of a massive necrosis of
the liver. It is now poseible, however, to detset the cccurrence of inciplemt or non-

fatal necrosis in a certain percentage of animals and to study factors that influence it.
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Study 2,) Effect of iddition of Tocopherel to Diet after Beglnning of Kecrosis (31
rats). 1t is known from the studies of Gyorgy and others that hepatic necrosis can be
prevented if tocopherol or cystine is included in the dlet. The present study indfcated
that tocopherol can prevent further necrosis even if it is added to the diet after an
episode of necrosis has occurred. Tocopherol was givern to 17 rats when the occurrence
of necrosls was detected by positive urine tests. Four anlmals died of massive necrosis
on the day treatment etarted tut the remaining 13 surkkfed 170 days. The untreated rats
ln the control group were all dead within 41 days, '

Study 3,) sct of Addition of tine after Begimming of Necrosis., (25 rats)
This experiment 1s simllar to Study No. 2; cystine wae added to the diet when an epl-
sode of necrosis was detected, The study is still in progress; 11 treated rats (re-
ceiving 20 mg., of cystine per day) have survived more than 100 days.

Study 4,) Effect of Aureomycin after Begimning of Necrosis (50 rats), This ex-
periment, which 1s similar to Studies 2 and 3, 18 still in progressa. The resulis to date

clearly indlcats that aureomycin exerts a protective effect when when added after an epi-
sode of necrosis has occurred.

2, Influence of s Synthetic Resin (Resion, National Drug Company). This substance
had no influence on the course of dietary hepatic necrosis in rats. Thesemrvival time of
the treated group (34 rats) was the same as that of the eontrol group {34 rats).

3., Fatty Liver and Cirrhosis in Rats (Choline-deficiency}. 4 study of iron meta-
bolism (serum and liver iron content) with Dr. Robert Howard is nearing completion. 4
study relating to the pathogenssls of cirrhosis in fatty liver has been started. Speci-
mens representing various developmental stages have been accumulated by means of biopsy,
sacrifice, or death of 80 animals, The formation and behavicr of regenerative liver
nodulea in cirrhosis have received particuler attention. Since routine histologle methods
are not adequate for this purpose, techniques invelving bleood vessel amd blle duet in-
Jection have been used. Progreas has been made in developling procedures necessary for
this study. Two studies involving factors that might influence fatiy cirrhosis have been
completed: (a) Influence of aureomycin. Two groups of rats (35 in sach) were main-
tained on an 8% casein diet; 20 mg. of aureomycin was added to the dailly ration offered
to 1 group. No asignificant differencea between the control and the treated animals were
observed, {b) Effect of substituti 6_necroge east diet after fatty liver or
girrhosis 1s g¢stablished by a choline-deficlent diet. In this experiments 12 rats were
maintained on a choline-deficient diet for 85 to 138 days; the presence of fatty in-
filtration and cirrhosie was determined by blopsy. The daily ration was then changed
to an 18% yeast diet known to be necrogenie,

Pespite its necrogenic quality the yeast diet contains sufficient choline or chiine
precursor to cause virtually all the fat to disappear from the liver. The ceroid amnd
fibrous trabeculae, when present, remain; the clrrhotic process initlated by the fatty
infiltratlon does not progress; the regenerative nodnles when present remain stationary.
Finally, the characteristlic necrosis cccurs and ldlls the animsl. The regenerative
nodules seem just as susceptible to the mecrotlc process as the origlinal hepatic tissue.
Aureomycin delays the time of onset just aa in instances where the liver is initially
normal,

4. Other Experimental Studies. A histochemical technique suitable for recognizing
necrosia of indiyidual liver cells is very dasirable, In a study carried out with Dr,
136
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¥illlap Bumett, techniques employing tetrazolium compounds failed to yleld the desired
results.

An experimental study of the prolonged effect of heavy iron deposits in the liver
is desirable., By appropriate diets, massive iron infiitration can be produced; the lo-
ocaligation in the liver is peripherel; i.e. about the portal areas rather than the cen-
tral as in the oase of fatty infiltration, A short-term preliminary study (18 rats) of
a modification of the cormn-grit diet (Hegsted, Finch, and Kinney) was completed. The
encouraging results warmnt continuatim.

A study (with Dr. Lem Cole) on the effects of parenteral aureomycin in rats having
bile renal fistulas gave inconclueive results., Dr. Cole ias now observing patients with
various degrees of biliary obstruction., Duodenal intubstion (Camus tube) is psrformad
and sexmples of fluid secured, Aureomycin and bromsulfalein are then given intravencusly;
at intervals, samples of fluid are withdrawn from the duodenum and tested for the pres-
ence of bilirubin, bramsulfalein, and sureomycin. OSuch observations should be of partic-
ular value in patients with hepatic coma who respond favorably to parenteral aureonycin,
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BRIEF, The objective 1s to conduct clinical stulles on acute s&nd chronic hepatitis,
BACKGROUND, These investigations were moved from Valley Forge Gereral Hospital in

June 1950, Clinieal, laboratory, and biopsy data on about 250 patients were placed on
punch cards so that correlative changes could be quickly assayed, %

ACTH in Acute Viral Hepatitis. This study on 31 March 1951 included 22 treated pati- in

ents, selected in the lst wesk of jaundice, Approximately the lst 12 cases received ACTH

in 1 dose daily subcutaneocusly for 7-10 days, Various courses have been used in a search
for the best results without side-effects and without relapse upon withdrawal. The cur- .. .
rent method: 20 mgm. by slow intravenous infusion during each 12-hour period daily for 2

. days; then 5 mgm. every 6 hours until patient has attained a normal serum bilirubin, whem

the drug is discontinued. The last 5 patients have been 5o treated with better resmilts
than seen in 9 controls. :

C .. Aurs in and Terramycin Therapy in Chronic Liver Disease. Treatment of about 20

-enses of chronic hepatitis and/or cirrhosis of the liver showed that these drugs produce
a temporary fatty infiltration of the liver and a temporary elevation of BSP retantion in
a sigificant proportion of cases. Experiments were bepgun to sse if a similar change

- could be detected in animals, One of the aureomyclin groups was sacrificed at 30 and the

.-lagy 60 days after the start of the experiment. Liver sections did rot show any convincing

‘’increase of fat in the aureomycin-treated animals compared with controla.

Liver Biopsies. Of the 340 biopsies performed so far, complications have occurred in
but 2, In collaboration with APIP, all of the tissue materials, including special patient-
and-animal-study, are being stainsd for alkaline phoaphatase, estorase, lipase, end desoxy=
ribomacleic acid. _

AS Determine the Incid of Hepstitis amon Koraan Casualtles who have
Regeived Irradi Compared with Unirradia P « Sines 1 March 1951 this survey
included Valley Forge and Psroy Jones Hospitals. Of 400 Korean casmidities surveyed at
WRAH between September 1950 and June 15, 1951, about 3 had received plasma, Becauss of
extensive wounds and the great amount. of blood administered, the remaining half were also
followed. In patients who received plasma plua blood the incidence of hepatitis was 21,6%,
In those who received hlood alone the incidence of hepatitis was 3.6%, “Hepatitia" repre=-
sents jaundiced patients oply. 24 month-by-month brealdown of the indidence of hepatitis
reveala that the percentage of patients in the 2 groups is unchanged when comparing the
beginning months of the survey with the final mortha, Slince 1t 18 not as yet known whether
this represents irrediated or unirrddiated plasma, the survey will be continued,

ation Studies (pilot) in A He .showed that the 2-stage prothrombin
time may definltely lag in its return to normal sa compared wlth the l~stage method of
Quick., Scme patients had normal 1-stage prothrombin times all_through their disease and
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at the same time had an abrnormal 2-stage test. It seems 1n hepatitis an eassentisl coagulation
defect may be present which cannot be measured with the l-stage method,

To date 330 determinations of the 2=-atage prothrombin test have been mada in 1.7 patlents,
ineluding normala, Koresn casualtiep, and patients with acote and chronic hepatitis, cirrhosis,
obstructive jaundice, and miscellaneous diseeses. The 2-stage prothrombin determination ds a
measure of liver function has these advantages: 1) if performed properly it is reasonably
precise; 2) it appears to measure 1 single important liver fumction; - 3) it is reasonably
saensitive in acute hepatitis arnd in hepatiec cirrhosie, although apparently not successful in
chronie hepatitis; 4) it may be of some prognostic value in cirrhosie, Disadventages are
1) 1t is not specific for primary liver disease; 2) it is not significantly abnormal in
chronic hepatitis and 3) it 18 too diffioult to standardize and perform in a routine fashion,

PROGRESS. ACTH Therspy in Acute Viral Hepatitia, ZTo &valuate the use of adrenocortico-

trophic hormone in the treatment of acute viral hepatitis, patients in the 1st week of Jaun~
dice were divided into 2 groups and alternate cases were chosen upon admission., Patlents of
the 1st growp received ACTH intravenously along with 5% glucose and in the 2nd, control cases,
intravenons glucose only was infused. A placebo is added tov the glucose in the control group.
The patienta are all treated with the =ame basal regimen of bed rest until their serum bili-
rubln reaches normal. They are then permitted to be ambulated. All get essentially the same
high caloric and high protein diet. Seridl determinations are made of the serum bilirubin,
the thymol turbidity, the Kunkel gamma globulin, serum proteins and tha urine bilirubin., Data
ara then compared in the two groups.

The initial group of treated cases were comparsd with comtrols obtained when a study of
aureonycin was being made. Later, alternate cases were pelected as indicated above. Forty
cases have been treated with warious courses of ACTH; a few recaived subcutaneous ACTH,
Later, combinations of suboutanecus ACTH and intravenous ACTH wam baing used and finally
varying courses of intravenous ACTH only. The present course {and that believed moat effi~
cacious) consists of 20 mge per day of ACTH for five days followed by 10 mg. per day for
five Gays and then fimge. per day until the patient attains a normsl serum bilirubin, This
ACTH 1s administered intravenausly by slow drip. This therapy seems to result in a faster
return to normal of well-being and of liver function teste. This prolonged and tapering
courge of AGTH seems to result in only e minimnm of side effects, especially upon withdrawal
of the ACTH, There seoms to be litils quastior but that the patients who receivad the ACTH
have had a faster subjective response bhut the return to normal of liver function tests in
the treated group over the controls seemas questionable, In the treated patients mean values
for the duration of positive liver function teats differ from the controls by about 1 week.
These mean values may be misleading, -since the range of values is such that thers ia con-
siderable overlapping. In no test has there been a statistically seignificant difference.

On the contrary experience with so~called "cholangiolitic hepatitis® seemed excesdingly
enoouraging. With the initiation of ACTH therapy in all such cases there has been & shaep
drop in the serum bilibubin, which raturned to normal within 10 days to 2 weeks,
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Patients with metabolic endocrine problems and aoute end chrenie liver disease wers
studied serially to determine what pattern could be seen in the alpha-ketoglutaric and
pyravic acid metabollsm under various forms of therapy.

This project is nearing complstion, It has been found that where there 1s liver in-
Jury, acute or chronie, the alpha~ketoglutarie and pyruvic acid levels will be elevated
in the blood, Patients with acute viral hepatltis studied during and after illneas had an
early rise with a return to normal of the keto acids and pyruvats. Pyruvate fell follow=-
ing institution of ACTH therapy. In patlents who had portacaval shunts the alpha-keto-
glutarate rose and remained elevated. In 2 patients who received aureomycin therapy, there
mas noted a sharp drop in the alpha-ketoglutaric aeid with the onset of therapy and a rise
to previous levels following its cessation. Conclusions may be drawn that the increased
values for these substances Indlcate the presence of liver damage, Further experiments are
being planned in connection with portacaval shunts and carbohydrate lcads, and 1n patients
dtherwise under careful study.

Portaceval Shunts in Patients with Esophageal Varlces.

Purpose: To evaluate an end-to-side portawaval shunt in the early treatment of patients
with esophageal varices.,

B o P

All patlents with cirrhosis of the liver who have or have not Hed from escphageal var~
ices are esophagoscoped to determine if varices are present. If significant ssophageal
varlces are demonstrated, the Patienth operability 1s studlied, A group declsion is then
made as to whether he will have a portacaval shunt to prevent further or subsequent bleed-
ing from his esophageal varices.

e g 7

Eight patients have now been operated, of whom 7 had an end-to-side portacaval anas-
tomosis and 1 a spleno~renal end-to-side anastomosis. One patient expired following sur- J
gery, done as sn emergency procedure shortiy after he started to bleed from esophageal 5
varices. Although the postoperative course in a fewm of the patients was somewhat difficult, 4
all other patients have done well. Experience by thia team in the study of patients before ;
and after slnint has led to the fesling that this &3 a procedure which should be used widely :
and easpecially earlier in the course of esophageal varicea. No statistics are available
with which to compare the longevity of the present group. It does seem certain, however,
from the frequent follow-up escphagoscopies and the indirect measurement of the portal
circulation time that the patients who have end-to-side anastomoses should not rupture
varices from portal hypertension,

Meaa sur t of B Citric Aeid lLevels.

o e

3 To develop a simple, sensitive microcolorimetric procedure for the deter~
minatlon of citrie acid in blood, urine and tissue fluids which can be used for the
differentiation of parenchymatous and obbtructive jaundice. !

The alkaline-pyridine method has now been estublished a3 an accurate and practical :
method for the determination of blcod eltric ac¢id., Pentabromacetone is measured in a ;
reaction mixture of alkaline pyridine which forms an intemse red color on heating. The ;
red celor ig meapured to quantitate the content of clirie acid, .L
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Twenty=four determinations from twenty normal persons have established & normal mean
value of 15,1 gamma per cc with a range of 8,1 to 18,9 gamma per cc. Eight of 9 patients
with early acute viral hepatitis have shown elewvated values. The exception was recelving
ACTH. 1In 12 of 13 patients studied with conwelescent or chronic hepatitis, normal values
were found. Two patisnts with cholangiolltic hepatitis have been followed, one of whom
had a persistent elevation of citric acid until ACTH was started. The cltric aeid then
promptly fell to normal. Eight of 12 patients with portal cirrhosis were found to have
elevations of blood clitriec aecld roughly proportional to the clinlesl severity. One patl-
ent with hepatlec metestases amxd another with secondary biliary cirrhosis were glso posit-
ive, One patient with obstructive jaundice was found to have the lowest value which has
been noted. This test 1a a promising one for evaluating the severlty of hepatic disease,

4 -Co ison of i ecty of ctoge and Glucose on Nitrogen Balmsnce. Two app-
roaches were used: 1) a c¢areful study under balance conditions on the Metabolic Ward and
2) empiric infusion of glucose and fructose in patients with chronic liver disease han-
dled on & hospital ward., In the latter case only gross evidences of change in liver
funetion will be noted, Ome patient with cirrhosis of the liver has now been studied
with balance technique on a 48 day program durlng which he received glucose and fructose.
Glucose was first given for 12 days followed by fructose and the cycle repeated. A4ll
carbohydrate was given by mouth.

Since the patient havihg the baldance study was placed on & lower calorie intake than
he had been receiving, a definite welght lozss of 5 pounds was noted. After the first
period of equilibration the patlent remsined in nitrogen balance. There was no certaln
evidenece that fructose had apny more beneficinl effect upon this patient than did glucose.

‘In the fructose period there were higher blocd levels of the kete acids and other carbo-

hydrate intermediates than in corresponding periocds with glucose. Throughcut the entire
investigation the patient slowly improved from his liver dilsease. It was not believed,
however, that the improvement was directly related to the ingestion of fructose or of
glucose but to the mere passage of time, Another patient was treated with fructose who
was not on a balance study but who alsc had decompensated liver disease. Here agdin
improvement followed, tut was not dramatie, This improvement could not be chronologi-
cally related to the fructose ingested,

Anion Fractionation of Urine, To elucidate the handling of certain electrolytes
by patients with acute and chronic liver injury and related metabolic diseases.

By means of a cationic resin end differential precipitation both volatile and non-
volatile organic acids, total anions, phosphate, sulfate end chloride of the blood and
urine can be measured.

Data are being sccumlated in a wide variety of metabolle abnormalities, This
method is especially useful in speclal therapauﬁic regimes likely to result in acidosis
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Bleod lavels of glucose and phosphate are determined by stamdard methods. Upon.
standardization of the preparation, constant glucose infusions will be gliven and blood
samples taken at intervals from a peripheral artery and vein and from the hepatie vein.
In addition, determinations of the blood lactate, pyyuvate, citrate and alpha-ketoglut-
arate will be made. Hepatic blood flow will be measured by the BSP extraction method.
The same animal preparations will then be given an insulln telerance test., If the bloed
sugar response to insulin is decreased, the nature of the factors responsible will be
furtber sought for by determining "insulin resistant factora" in the serum by the rat
diaphragm technique,

Twenty animals have been studied. One fact seems to be emerging; mnamely, the _
carbohydrate intolerance in animals with fatty liver isg not due to the imebility of the
liver to form glycogen.

Production of Hepatic Coms in Dogs.

Pumpose: To produce in dogs hepatlec coma comparable to that seen in advanced
hepatie failure in humans so as to define the disease.

The initial goals have been achieved. The surgleal techniques employed in the
animals studied differed in 4 important respects from those which were prepared by
Rappaport and Markowitz: a) an end-to-side anastomosis was done in these animals in-
stead of a side-tO-side anastomosis of the portal wveln and inferior vena cava; the
pancreaticoduodensl vein was ligated and the thoraecle approach to the anastomosis was
used, b) continuous glucose infusions were not consistently given, ¢) the diet used
included meat occasionally, and the interval of time between shunt and hepatic artery
ligation was slightly later in most cases, and d) the definition of Mcoma" used by the
Toronte group was different. The results did not seem 1o be significantly different
from those obtained at the Toronto Institute. These data proved to be very worthwhile
despite the fact that this preparation finally 1s not strictly comparable with hepatic
coma as seen in humans, Extensive biochemlcal studies made are being tabulated and will
be carefully studied for appliecation tc human situations,

Albupin Bipding of Bromsulfaleln.

Purpose: To evaluate the binding of bromsulfalein by albumin and the condltions
which affect it qualitatively in disease states.

Three approaches were used: the effects oft 1) increasing albumin concentration,
2) increasing BSP concentration and 3) the effect of albumin on the BSP spectral absorp-
ption curve.

Preliminary studies indicate that approiximately 4 mga of albumin bind 1 mg. of BSP
(a molecular ratio of 2:1). Thiz is in contrast to the reported binding with a molecular
ratlo of 1311, It has been established that bound BSP 15 not celorless but glves a mich
less intense color than that which is not bound. AIlbumin shifts the spectral absorpiion
curve and alsc depresses the maximum density. Attempts will be made to quantitate the
ratio of free to bound BSP, It is the current bellef that the decrsased binding of BSP
in jaundiced serum by albumin is not due to a defect in the albumin but posaibly to
competing anions which prevent binding of the dye,.
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Hepatic Vein Catheterization.

Purpose. To test the effect of various pharmaceutical preparations upon hepatiec
blood flow as detsrmined by hepatic vein catheterizatlon in anesthetized dogs,

A eatheter is placed in the hepatic veln and with a constant infusion of B3P, deter-
minations of hematocrit and BSP concentrations in peripheral vessels and in hepatie wein,
a measurement of estimated hepatic Blood flow can be made,

Since it was believed that the changes of hepatic bloed flow seen with histamine and
norepinephrine were related to changes in spleen wolume, hepatic blood flow was studied
in 13 splensctomized animals, Five dogs were given adrenslim, /4 were given histamine and
4 were given norepinephrine., The adrenalin had little or no effect upon estimated hepatic
blood flow in the splenectomized dogs. Histamine produced a decrease and norepinephrine
produced inconsistent changes of hepatic blood flow in these animals, Therse are no other
promising materials avallable which might increase the hepatic Bloo@d flow as a possible
therapeunsis against shock.

In-Vivo Testing of the Citric Acid Cycle in Man and Animals,

Purpose. To measure in-vivo chanzea of the citriec acid cyecle under various condi=-
tions of loading with metabolic precursc.,s and intermediates,

Many experiments have now been completed in animals where blood, urine, muscle and
liver analyses have bsen made for components of the ciiric acid cycle after infusion of
2 carbon particles and 4 carbon particles, BSuch measurements include succinats, oxalace-
tate, alpha-ketoglutarate, pyruvate, snd lactate. 'here acetate and athanol were infused
there was seen &n Initial drop of blood pyruvic acid and a late smgll rise in alpha-
ketoglutarie aeid, This is interpretsd to mean in the acetate experiments that the ace-
tate reacts with tissue oxalacetate to yleld citric acid whieh results in a temporary
loweting of tissue oxalacetate, The tissue pyruvets reacts with carbon dioxide to
supply the intermediamte needed for oxamlacstate, thereby drawing on the blood pyruvic
acid to supply tissue pyruvic aeid, This explains the fall in blood pyruvie acid which
mas noted in 30 mirmtes, Lactate and alanine can be assumed to be converted into
pyruvate in dogs and used for formatlon of tissue oxslacetats. The egquilibrium between
oxalacetate and pyruvate seems to favor the pyruvie acid. A large rise of pyruvic acid,
therefore, would lead to a smaller rise in tissus oxalacetate. This has been found where
lactate and alanine have been infused. Also where ethyloxalacetate, fumariec, and succinic
acids are infused there is a murked rise in alpha-ketoglutarie and pyruvic acids in the
blood, In a single experiment in avhuman who had eirrhosis of the liver intravenous
ethanol was infused and samples were taken from a peripheral arterly, a peripheral vein
and from the hepatic vein by means of a catheter. The data obtained are not subject as
yot to interpretation. It 1s planned to repeat this experiment in another patient with



A modified method has been adapted successfully. It offers a primary advantage
of rapidity with which multipla titrations can be done without the use of expensive
automatie equipment. .

In 2 pormals, 3 patients with early hepatitis and 1 with eirrhosis, blood phenyl-
alanine and trypotophane have besen followed during a standerd glucose tolerance test. In
the normals a drop of both phenylalanine and tryptophane was noted in the blood following
the sugar administration., Phenylalanine tended to fall more then did tryptophane. One
diabetic and one patient with pliuwitary fneufficlency showed a normal respense. In
liver disease this response was not noted. Following glucose administration the valuer
for these amino acids were higher than in the fasting specimens. Plasma phenylalanine
and tryptophane values were measured.in response to exercise, insulin and adrenalin.

In 2 normals and 2 patients convalescing from acute hepatitis a standard 10-mimute
axercise period on an adjustable treadmill was instituted., Blood samples before, immed-
iately after exercise, and 20 minutes after exercise, were taken, In all the normals
and in those with convalescent liver disease the aminc acid levels rose markedly fol-
lowing exercise., After a 30-minute period of rest these valuss tended fo fall toward
normal, One-tenth of a unit of insulin per kilo was given intravencusly to 1 normal,
2 patients with fatty liver and 1 with pituitary insufficiency. Samples were taker

at 10-to 15-minute intervals, Insulin caused a marked drop in ple&sma phenylalanine
and tryptophane almost immediately. They remained low throughout the experiment. The
phenylalanine dropped more than did the tryptophane. When 0.5 cc of 1:100 adrenalin
was given intramiscularly to 1 normal, both phenylalanine and tryptophane rose at the
end of 1C minutes. These studias have great fundamental interest but must be tempor-
arlly deferred,

Iron Metabolism in Liver Digease, Intravenous Fe5%0 studies have been carried out
on 5 normals, B patients at various stages of acute hepatitis and 12 with various hemg=
topoietic disturbances, They were designed primarily to study total transport (plasma)
iron turnover rates. It was hoped that a clue to the mechanism of the disturbance in
iron metabo'ism (hypersideremia) could be found. In the various red blood cell dyscra-
sias it has been used primarily as a dlagnostic tool., Results obtained in a) normals,
b) acute hepatitis, and ¢) various red blood cell diseases:

a) 0.35 - 0.45 mgs per kilo per day of transport iron turned over (20 times
the total plasme iron), 1.0% of the red cell iron (red cell mass) renewed, and der
tfoyed per day - 7.0 - 8.0 gms hemoglobin produced and destroyed each day.

b; 0.5 - 1.5 mgs per kilo per day of transpoert iron turned over, 1.5 = 3.5%
of tne red cell irom (red cell mass) renewed (desiroyed?) per day - 10,0 = 25.0 gnms
hemoglobin produced (destroyed?) sach day.

¢) Rapid turnover rate in various hemolytic anemias - 0.7 = 4.0 mgs per kilo
per day, normal rate in a case of iren deficiency anemia due to chronie bloed loss, slow
rate in a case of aplastic anemia, and a slightly increased rate in s case of sacondary
polyeythemia due to an A=V fistula,

Oral radioiron studies have bewn comploted on % normzls {3 with repeat studies) and
2 patients with siderosis (hemochromatosis) =lwith a repeat study, In the normals less
than 3,08 of the administered iron was absorbed when the iron was given as FeCl3, whereas,
in a single case given, the irom with ascorbic acid 7.0% was absorbed. In the 2 patientx
with siderosis 21.0 and 45.0% of the admin%ifered dnge wo~ cheovhbd,,
l
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As to excretion of the orally and intravenously administered radiciron in the nor-
mals, less than 0,01% of the iron was excreted in the urine and when the iron was glven
intravenously, less than 0,2% appeared in the stools, In acute hepatitis, a much larger
amount of the intravencusly administered iron appeared in the urine - 0,1 = 0,2%,

A new gpectrophotometrie procedure for the determination of the serum iren has besn
worked out which glves quantitative recoveries of iron from serum and requires only one
nl of serum.

The study of iron metabolism in liver disease has established the existence of a
hypersideremia in acute hepatitis, and has shown by the use of intravenously administered
radioiron the presence of an increased turmover rate of iron {increaced red cell pro-
duction?). Radioiron #tudies in 2 patients with siderosis (hemochromatosis) revibaled
a marked increesed absorption of oxidized iron. The evaluation studies of the serum
iron procedure have led to the developmant of a mors sensitive, reliable, and more
quantitative procedure for its determination,

CTH ) id Excretion., A few additional cases of liver disease given ACTH
gave findings not slgnificantly different from those reported. Some dehydroiscandro=
sterone assays have been done onh some and the results seem to follow the same pattern
as the corticosteroids,

The lst serles of urines obtained on front line twops in Korea have been analyzed
but it is not pussible to properly analyze the data, However, in some of the cases,
high levels of the formaldehydogenic corticosteroids were obtained in the presence of
a normal or low 17-ketostercid excretion,

The methed for the determination of the formaldehydogenic corticestercids has
been further evaluated,

The liver disease study has shown evidence that there is no hypoadrenalism in
parenchymal liver disease, that the 17-ketosteroid excretion is low, but that these
low levels are probably the result of a fallure of the injured liver to convert the
corticostercids to 17-ketostercids.

The studies on the procedure in use for the determination of the formaldehydo-
genic corticosteroids has shown up the many inadequacies of the existing procedures,
and unless the procedure now under study, or a similar one, can be successfully used,
the entlre method should be dropped from use.

Elgctrophoretic Patterns. A very heavy demand has continued for slectrophoretic
analyses on patients at W.R,AB. 1In all, 63 sera were analyzed during a 3-month period
in the sm&ll elsctrophoresis apparatus. Cnly those samples involved in serious re=



Papar ionophoresis results were checked successfully with standard electrophoresis
analyses, Successful preliminary experiments were conducted on elsctrophoretie convec-
tion apparatus. OUver 10 runs were conducted with the promise of early application to
difficult separations not possible with the corventional electrophoresis equipment.

REFEREKCE, Peterson, Ralph E, and kann, Joseph A, "Radioactive Irom Transport
in the Intwstinal Lymph®, Am. J. Physiol., May, 1952,
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Envelope Substance of Pasteurella pestis

BRIEF. The purpoase of this study la to determine the characteristlos and
hioclogic rropertica necessary for specific I1mmunlzing agenta.

BACKGRQUND., The Nature of the Envelope Substance of Past. peatis. Beocause
of ita potential wvalue aa an immnizing agent, the capsular substance of an aviru-
lent atrain of Past. pestis was studied. A simple casein hydrolysate-yeast medium
can be used without employing the nutrient agar medle previoualy used. In order to
obtain good growth and capsule production it ie esmential to aerate this medium., The
best method is provided by a specially aonstructed machine which rotates cultwre
bottles while a etainlesa metal baffle, fixed in each bottle, creates extreme turbu-
lence 1n the ¢ontalned fluid.

Nonvirulent strains of this organism tend to dissociate intc nonoapsulated
variants; search ls underway to find the cultural condltions that will maintain
the organism in a capaule-producing phase; success depends upon availabillity of
large amounta of the capaular entigen. Chemical analysis of the purified capsu-
lar antigen 18 belng carried out, Mild hydrolysia with acetlc acld ylelds 2 com
ponenta, not entirely distinot. The stabllity of the whole antigen to heat and
chemical treatment was unexpected.

Pharmacologlcally Active Materiels Aassociated with the Plague Baglilus. The
fatal outcome in pnevmonioc plague suggests the effect of some toxle fraction or
fraoctione of the organism. Death may ensue, even when adeguate bacteriostasis 1s
achieved, if therapy be delayed beyond the lat day of dilsease,

At least 2 toxine i1solated from avirulent Past. peatl. are lethal to mice.
Sonic vibration of the whole organism, living or dead, with or without ocapaule,
releames a soluble endotoxin which produces widespread vasoular lesicna 1 or 2 days
after injeotion into mice. These lesions are grosaly aimilar to the necropsy find-
ings of human septicemia and ppeumonic plague, even to the extent of a hemorrbagic
poeumonitie., Qualitative and quantitative data {preliminary) indiocate that: 1) Cul-




gen from Past. pestis. Since the material hap been clearly identifled as a pro-
tein, the question of chemical purity is difficult to resolve. Important progress
has been made in freeing the preparations from all but traces of contaminating nu-
cleic aclds, P content 0.1%., Chromatographic analyses for amino acids has yielded
approximate values for some 12 amino acids with confirmatory data on & or 7.

Sedimentation rates and electrophoretic mobilities are important characteriz-
ing eriteria. Best preparations to date show only 1 important boundary layer, in-
dicating homogeneity of particle size and good progress in chemlcal purificatiom.
Molecular weight has been only aporoximated at 3,920,000, Electrophoretic mobil-
ities were also approximated with further evidence for only 1 component.

The Toxin of Avirulent Past. pestis. Experiments were begun on the metabolism
and tHe €fTect o the nutrittormel-mitTogen, mineral, and carbon requirements on pro-
duction of toxin and growth of the organism. Certain marginal media could not be
used., Initial studies used a more defined medium containing casamineo acids and
yeast extract.

Attempts were made to grow the organism in completely synthetic media; re-
sults have not been consisteni, but the organiem will grow. Sodium desoxycholate
which potentiates toxdcity was used to extract the toxin. Resultst a) Equal num-
bers of cells grown on media in which the concentration of casamino acids was var-
jed do not necessarily contain the msame amount of toxin. Subsequently, 1t is not
the number of organisms per se¢ which will give a certain amount of toxin, but fag-
tors in the cultural envircenment. 4&n increase in total population did show a total
increase in toxin production. b) Glutamine, previously shown to increase capsular
production, but not growth, when added to 1% C-Y medium, showed no effect on toxin
production,

Preliminary tests suggest that an excess amount of Fe, as FeS(), added to C-Y
medium, slightly inhibits toxin production but not growth. However, varying concen-
trations of glucome appeared to have no effect on toxin production., Cptimal concen-
trations of glucose will be established for increased growth.

Pathogenesis of Experimental Plague on Embryomated Eggs, Embryonated eggs
inoculated via the allantolc space were used to atudy growth and toxin production

of Past, pestis in an experimental closed system host., 4n avirulent culture of the
JJ8 strain 1s In ites 23rd egg passage. A comparison between susceptlblility in rel-
atively young and old embryos indicated the infection had a higher mortality in the
younger embryos. There was & mortality of 95% at 359C, 93% at 379C, and L6% at
390G, .

To establish whether death of the embryo was due to a bacteremia or toxemia,
a test correlated the numbers of bacteria with the amount of toxin present at inter-
vals in the allantoic fluid of living eggs and of egge which died. The plate counts
showed that the bacterial count in eggs which dled after injection increased on the
2nd and 3rd day of incubation and began to decrease on the Lth day. In these eggs,
toxin was found at the time of the highest bacterlal counts. Eggs which were alive
had no toxin and showed much lower counts than did the dead eggs.

Antigen-Antibody Reaction and Relationships

BRIEF. The objective 1s to investigate the fundamental prineiples governing the
in- tro reaction of antigen and antibody. A quantitative study iz to be made.

BACKGROWD. During preliminary incubation under the conditions of the comple-
ment~fixation procedure, complement is subject to various influences besides those
proceeding from an antigen-antibody reaction., Possibly the most complex are asgoci-
ated with the test fluids under examination. Knowledge hae been scanty and ohzerva-
tiona differed on the effect of such a common test fluld as human serum. These
studies attempt to reconcile apparen{ély conflieting evidence, and to determine the
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factors in test fluid contributing to ih complex effects upon hemclysis and cam:
plement-fixation. As a result of studies/cerned with the influence upon ¢f of prelim-
inary incubation with human serum and cerebrospinal fluid, it was possible to demon=
strate the normal coexistence of enhancing and inhibitory functions in these 2 fluids,
and to show their influence upon the standardization of the complement-fixation re-

action.

PRCGRESS. At the Department of Serology it was seen that the amount of comple-
nent {C') fixed wbyh syphilitic serum reacting with cardiolipin antigen was not pro-
portional to the amount of reactive serum present. Decreasing quantities of human
syphilitic serum were tested, each with varying amounts of antigen and complement.
After preliminary incubation at 3-6°C for 16-1B hours, hemolytic activity was deter-
mined by spectrophotometer, It was apparent that the relation of complement to syph-
ilitic serum was not 1 of direct proportion. The ' reguirement at hizh concentra-~
tions of antibody was considerably less than would be anticipated from the reactions
with lesser quantities, Several explanations were considered.

A 2nd effect of nonantibody serum components was to increase the amount of anti-
gen required for a maximal serum reaction. Vhen the syphilitic serum was diluted in
galt solution, maximal reactivity was elicited by antigen dilutions in the range
13400 to 15800, Vhen normal serum was substituted as diluent, the strongest serum re—
actions occurred at dilutions of antigen of the order 1:200 to 1:400., Apparently
this 2nd effect might result from the inhibition of complement-fixation rather than
frop separate causes. Thus, when normal serum served as diluent, an end-point re-
action of the syphilitic serum fell at a considerably lower dilution of antibedy, and
the optimal dilution of anti:en would be expected to underyo a corresponding de-
creasg.

The Immunology Division reported the sedimentation constant of the human serum-
antihuman serum saturated bi-antigen complex in which the antibody was obtained from
the horse was found to be 9.75. That of the bovine serum, antibovine serum bi-anti-
gen ccmplex in which the antibody was obtained from the rabbit, was found to be 8.8S.
Caleulatlons show that this difference in sedmentation constants is compatible with
the antigen-combining sites on the horse antibody being on the same side of the mole-
cule and close together. Similar calcnlations made for the bovine serum albumin cou-—
plex show that the sedimentation constant is compatible with the antigen combining
sites on the rabbit antibody being on opposite ends of the moleculs.

The sedimentation constant of the egg albumin - anti-egg albumin bi-antigen com-
plex in which the antibody was obtained from the rabbit was found to be 7.85. This is
czgzatible with the combining groups for antigen being at opposite ends of the mole-
c -




Parenteral Agents

BRIEF. The purpose is to reinvestigate the effects of dose, interwval route,
and other factors on immmization with parenteral agents in order to evolve more
effective means of immunization. Under consideration is use of a multiple—dose
high-pressure injection apparatus for mass lmmunization.

BACKGROUND. Development of High-pressure Multiple-injection Gun for 4d-
ministering Biologicals. Gompressed air and spring types were eliminated in favor
of hydraulic pressure, 4 of this type having been built during 1949. A model test-
ed in 1950 was sound in design but certain mechanical features needed altering.

Bnphasis has been shifted to the assay and evaluation of commercial prod-
ucts used by the Services as immunizing and test agents. Experimental methods
of assay developed under Fundamental Tnaunity (6-81-09-10) and Typhoid Fever and
Asiatic Cholera (6-61-09-01} have been applied to routine assays of commercially
prepared heat-phenol and acetone-kilied vaccinesa A method has been developed
for the assay of the S. paratyphi and S. schottmulleri components in triple Ly-
phoid vaccines, both heat—-phenol and acetlone-killed,

PROGRESS. Using the Automatic High-pressure Jet Injection Apparatus, the
1lst successiul field trial was completed., Spring pressure had been increased
from 180 to 230 pounds. Of 62 volunteers given standard issue typhold vaccine,
59 were administered the dosage withont difficulty. In 3 the jet failed at 1st
to penetrate but did on succeeding attempts.

Assays and Evaluatlions of Products. Various dosages have been established
whereby heat-phenol killed triple typhold vaceines may be assayed by the mucin
technique for ability to protect mice against challenge suspensions of the above
organisms. From the EDgo's obtained it generally appears that animals receiving
triple typhold vaccine and challenged with either 3. paratyphi or S. schoti-
milleri exhibit a 2-3 fold greater protective titer than do those Injected with
a monovalent vaccine and challenged with its homologous organism. The method
developed has been successfully applied to commercial typhoid vaccine submitted
for assay of the S. typhosa component only,

Vaccine dosagee for the assay of acetone-kllled vaccines in CFE mice have

been established. The EDgp in a susceptible -strain of mice {CF¥) is 4 to &
times the EDgp in more resistant AMSGS mice.

Various experimental lots of acetone-killed monovalent and triple vaccines
have been subjected to mouse protection tests. Certain lots have been examined

for their ability to produce Vi antibodies when injected into rabbits.

Acetone-killed and dried organisms of S. typhosa, S. paratyphi, and S.
schottmlllleri were combined in the proportion of the proper nitrogen content
in order to establish a new reference standard. This vaccine induces a Vi-anti-
body response in rabbits and is being subjected to repeated mouse protection
tests to determine the nommal range of EDgq values.

, Tests to determine the effect of increased concentration of muein on viru-
lence—enhaneing activity showed that a slight increase in concentration increage

ed this activity. Also lots of mucin considered nonactive at the lower concentra-
tion become more active as the concentration increases.

apy oOtrains of mice from new sources were investigated in 2 search for an auxili-
/soﬁfce of typhoid-susceptible mice, but no other showed the same degree as that
now uged; however, assays showing graded responre could be obtained at u differ-
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ent level of protection.

To prepare a preserving fluid for blood vessels, the fluid was broken down into
component parts which could be shipped without refrigeration and which would not de-
teriorate until the components were mixed at time of use,

Fundamental Tmmunity

BRIEF. The purpose is to investigate the basic mechanism of immmnity through
experiments that permit quantitative interpretation and statistical evaluation.

BACKGROWND. Studies of varied immunizing doses vs. varied challenge doses in
mouse protection tests of typhoid vaccine showed the former was more efficient as
a basis of measurement, Studies on the effect of varlous killing agents on the po-
tency of typhold vaccine showed merthiolate to be superior to heat-phenol or forn-
alin, ILater studies showed marked differences in the relative potencies of phencl-
aleohol or acetone-killed vaccines, depending in part at leasi, on testing methods.

Glucose utilization was found essential for mouse virulence of S. typhosa, but
not for Vi antigenicity.

Methods developed primarily for control and evaluation of potency tests of
typhold vaccine, but applicable to potency tests in general, were examined statist-
ically for evaluation of the influence of such variables as mouse strain and sex,
virulence of organism. Criteria for performing reproducible potency assays were
defined .

The rate and specificity of immune response in mice injected with enteric
vaccines were investigated. Specific immunity appeared in 24 hours and was almost
maximal at 2 days in mice receiving typhoid vacecine. No such early response was
apparent after injection of Shigella flexneri or cholera vaccines.

A study of the long-term response of rabbits to immnization by various
routes and schedules was begun. Studies were begun (with the Veterinary Divisiom)
on the effect of pertugsis vaccination on virus infections in mice.

PROGRESS. 1 Studies on rate and specificity of the immne response in mice
were aextended along these lines:

a) The paratyphoids: Mice immmized with monovalent S. paratyphi vaccine,
either 2 or 6 days preceding challenge with the homologous organism, demenstrated
high resigtance at both intervals. Mice vaccinated with S. schottmilleri vaccine
and challenged 2,3, or 6 days postimmnization with the homologous orgamism show—
ed very slight protection at 2 days, whersas marked resistance was obaerved at ei-
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E. coli, 2, 6, 9 aud 12 days prior %o cnallenge with S. typhosa Ty2 suspended in
salme, were i‘ound to possess essentially the same leveld of immunity (EDgp's) for
Vi antigen.

3} Another test in which the imnuanizing doses were injected via the subcu-
taneous or intravenous route revealed no significant protection at 2 days, some
at L days, while at & days there was no significant difference between protection
by the varlous routes.

L) Essentially similar results, but gquantitatively less significant ( be-
cause of less steep dose-response slope) were had when mice were immunized with
purified O antigen derived from S. typhosa 0-901 and challenged with S. typhosa
V 58 in mucin, When the O antigen was injected I.P. at intervals of 2,6, 12, and
18 days, the level of protection against challenge was essentiqly the same. Irmun—
ization via the subcutaneous rcute failed to disclose significant protection prior
to L days after injection.

d) Re-evaluation of cross-protection, using smaller heterologous challenge:

1) Mice vaccinated with the EDgg dose of either typhoid, shigella or cholera
vaccin. 5 were challenged with the homologous organisms and multiple LDEO doses of
the heteroleogous organisms 2 and 6 days postimmmization. Those given the former
showed no resistance to as low a challenge dose as 5000 Sh, flexneri 3 (1/100 of
the standard challenge) in 5% mucin suspension. A possible siight nonspecific re-
pistance was found at 2 days with S000°V. commz, but no resistance was evident
with 50,000 V. comma (standard challenge, V. comma - 500,000 organisms)

2) Mice Immmnized with Sha. flexneri vaccine exhibited no protection a-
gainst any heterologous challenge at levels of 1/10 or 1/100 the standard challenge.

3) Uith cholera vaccine, evidence of a slight nonspecific resistance was
also found against both 10 and 100 S. typhosa at 2 days; a possible nonspecific re-
sistance against 5000 Sh. flexneri was seen at 2 days. However, none was found at
& days with this challenge, or at either interval when challenged with 50,000
She flexneri 3.

1I Duration and level of antlbody responset

a) Groups of rabbits, earlier immunigzed I.V, and subcutaneously with mono-
valent typhold vaccines were studied to determine the rate and level of antibody
formation, All rabbita were injected intravenously with a booster dose of 0,5 mi.
‘of typhold vaccine and bled at intervals over about ¥ months, Prebooster © and H
agzlutination titers of rabbitx, which had been vaccinated subcutanecusly, were
lower than those of rabbits given IV. doses, but titers of both groups were com-
parable 5 days following intravenous booster, remaining essentially so for 2
months. At the end of 3 months, agglutination titers approximated the prebocster
levels, and in those surviving were essentially the same 264 days later. Thua the
"residual® antibody level maintained after a long interval memed related to the
level attained by the earlier immunizing injections. At this time, an I.V. boost-
er Incculation of 0.5 ml. was given; 7 days later, ™H™ and "0 agglutinatim -
ters of all rabbits were essentially equal, approximating the level of those
found after the booster dose 2 months previously. The experiment was terminated,

b) Viork on & satisfactory method for determining antibody nitrogen o these
typhoid antisera continues in order to evaluate these results in terms more pre-
cise than agglutination titration,

III Cellular response of peritoneum to immuinizing and infecting inoculations:
Preliminary work has been done on the cel]ular picture of the peritmeal exudate
in normal and vaccinated mice.

IV Quantitative immmochemistry of plague antigenss
a) The serologic activity of the purified “envelope® of Past. pestis dis-
cussed at the start of this report was studied in the quantitative precipitin test
using a concentrated horse anti-plague serum from the South African Institute for
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incubation of antigen and antibody for 2 hours at 379C, then 5 days at 4OC. The
precipitin reaction of this antigen with horse antiserum was characterized by a
broad equivalence zone and an extended region of precipitation in excess antigen.
Supernatant analysis indicated that the antigen was essentially homogenecus.

b} This purified antigen and the plague antigen (Fraction IA of Meyer) were
studied in parallel in the quantitative precipitin te€st. Data comparing these 2
products reveal the essential immunclogle identity of these plague antigens pre~
pared by different nrocedures.

¢} In studying the activity of the purified “envelope" antigen in the hema-
gZlutination test, it was seen that human type ™O" RBC treated with plague antigen
in concentrations of less than 1 mg. per ml. of 10% cells feiled to be agglutinat-
ed by anti-plazue serum. Sera of rabbits imrmmnized with the purified antizen and
containing demonstrable antibody in precipitin and bacterial agglutination tests
failed to agglutinate antigen-treated RBC. Only the mcst potent plague antiserum
available (concentrated horse serum) caused clear-cut agglutination of the treated
RBC. It was believed that such hemagglutination was due to an impurity or mincr
antigen, or that the “envelope" antlgen had very little activity in this serologle
test.

d} Rabbits were immunized with acetone killed and dried Past. pestis TIW
strain and with purified antigen derived from these organisms. The total dosage
employed was 1.9 mg. of organisms and O.45 mg, of purified antigen. Agglutinin
titers (employing viable suspension of Past. pestis TJW) ranged from 1310 to
1:40 for both groups. The relatively low antibody content and limited quantities
of rabbit sera available precluded the quantitative measurement of antibody nitro-
gen content. '

‘Wedical Research. The optimal conditions for precipitation by this antipgen were w
]
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Allergy following Vaceination

BRIEF, Possible allergenic or amaphylactogemic manifestations of vaccines
are to be investigated.

BACKGROWIND. Certain phenomena associated with vaccines prepared from viruses
grown on embryonated eggs have been studied. Conclusiont there is a substantial
potential danger in using such vaccines in the cruds state. Several means of partial
purification of virua preparations have been devised. Such methods permit removal
of from 75 to 95% of the host tlssue substances. includine a numbar of substances




In no instance has this treatment been sufficient to effect the complete in-
activation of the virus suspensions studied, but results have been sufficlently
promising to Justify further invesgtigation.

Chemical Compousition of the Chick Embryo. The study of nuclectide composit-
ion has been continued. This study will provide data concerning the rates of pro-
duction of ribonucleic and desoxypentosenucleic acids in the normal chick embryo.

A rapld and efficient process for purification of nucleotide extracts has
been devised. It involves the removal of low-molecular-weight impurities with the
use of a finely-divided neutral adsorbent such as Attaclay SF. Extracts of chick-
embryo nucleotides thus purified have been examined in the ultracentrifugze and
electron microscope. Preliminary data indicate that the polynucleotide particles
are greater in molecular weight than 1 x 10% and have axial ratios of 300 to 700.

Imnunolo;y of the !B jor and Minor Blood Groups

BHIEF. The objective is to utilize quantitative hemagglutination techniques
to explore the energy of binding of ischemagglutinins with their homologous red
cells.

BACKGROUND. Recent work by Fillite, liurmser et al. indicated that it is
posgsible to secure quantitative thermodynamic data in ischemagglutination which
should shed 1light upon the mechanism of red cell agslutination. But they were un-
able to establish absolute values of the reagents involved in their reactions.
This project will apply quantitative immmochemical techniques to the problem.

In the routine assay of sera for red cell typing not only is the absolute ti-
ter of a given serum significant, but its "avidity" is of paramount importance.
Avidity refers to the tendency of cells to clump and 13 measured by the speed of
clumping of red cells when reacted with a serum of a given titer, and the size of
the clumps. It is hoped that more objective and quantitative measurement of avid-
ity will be made possible,

PROGRESS. Preliminary tests were directed toward familiarization with the
technique of quantitative blood counts, recording counts photographically. The
techniques of the French workers mentioned were checked in regard to incubation
of cell-serum suspensions, shaking, ete; results were duplicated. An improvement
was devised; it consisted of shaking during incubation of the cell-serum suspens-
ion. The last experiments demonstrated a significent drop in cell coumbs in the
controls without added serum,

Fate of Cli-labelled Antigens

BRIEF. The purpose is to investigate the biochemical and biophysical forces
involved in the organism's defenses against injurious factors.

BACKGROUND. Use of caterial proteins labelled with ¢lb as antigens was dis-
carded because of lack of a warkable method for securing a single pure protein.
Pneumocoecal polysaccharides have been isolated in antigenic form. Such a medium
has been defined.

PROGRESS. Preparation of Bacillus friedlanderi by 3 different techniques
gave products of poor antigenic qualities. Purther work with this organism has
been abandoned. More recent work resulted in definition of a synthetic medium
guitable for growih of the rheumococcus; 15 liters of this medium have been inoe-
ulated and harvested tc allow for polysaccharide isolaticm.

FUTULE . Substraiﬁs to be used: 1) uniformly cli-labelled d=glucose, 2)
clh_1a%eTied cop, 3) c (Methyl)-labelled acetate, and 4) an hydrolysate of Myco.
phlei labelled with clh 322
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Radiation and Thermal Burns

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

BRIEF. This project was designed to investipate, separately and in combina-
tion, the radiation, traumatic, and thermal types of Injuries, expected bto result
from atomic explosions, and to develop optimum and practicel methods of treatment
with empheszis on handling of maze casualties.

BACKGROUND. Fluid and Electrolyte Requirements in Severe Burns. A simple
formula for intravenous fluid therapy of the burned adult durlng the 1lst 24 hours
after injury was tried in Richmond hespltal cases studied. The extent of the
burn, the presence of reaspiratory burn, the age of the patient, and the general
state on admission are the chief factors affecting his recovery.

In burns of small extent {10-20%) it was ween that the baby or wvery young
child suffers turn shock earlier and more intsneely than an adult similarly burned.
Conscquently, all babies and children with burns more extensive than 10% of the
body surface are given shock therapy as soon as possiblo. A patient with a res-
piratory burn from inhalation of irritating gases may carly show signs of pulmonary
edema which iteelf can be fatal, despite shock therapy. Colloid and szlt adminis-
tration in these cages is restricted because they develop pulmonary edema quite
readily soom after, during, or even before intravenous infusiona of large amounts.
Patients over 50 nust be examined carefully for cardiovascular renal diseass, or
overloading of heart and kidneys may occur., Patlents seen the lat time more than
1 or 2 hours after severe burning may be in a state of moderate to asevere shock;
prompt vigorous shock therapy is usually required.

PROGRESS. I. Clinical Burns Unit. In the past year, based upon cbsorvation
of 115 hospitalized patlents, 47 white and 68 colored, there wasz a remarkable
improvement in the death rate from severe burning injury. Provided adequate care
is glven, 2 factors are of paramount importance in prognosis: age (above 50 years)
and extent of burn (50%).

Over 4,095 days' hospital care was furnished these patients. The burning
agents weret fire, 56%; soalds, 26%; hot metals, 11%; miscellanecua, &%. Of the
118 admiaaions there were 19 deaths of 16,5%, The average extent of body surface
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III. ¥ 5 Anemia Studies. Utilizing the le-tagged red cell technique, thare

was found a marked reduction in hemoglobin synthesis following burning in the dog
as well as a dynamic difference in response after burning injury. Those red cells
produced after burning injury appeared to have a normal life span, A similar study
has been completed in 1 burned patisnt. Precise meesuremsents of stegﬂhobilin pro-
duction were made In the burn patient for correlation with life apan of newly
produced cells. Similiar tagped fresh red blood cells have been infused in 1 normal
to permit comparison of life spans of infused cella, .

IV, Bacteriologic Study of the Burn Wound. The burn wounds of 82 patients
have besn cultured. The trenda seem to bhe:

The local use of antiblotics, while reduoing the incidence of overall infeo-
tion, may simultaneously induce the development of reaslstant bacteria.

Despite adequate antiblotic therapy, c¢ross-infection of the burn wound is
becoming increasingly serious when a centrul dressing station is employed.

Preliminary deta indicate that the presently available antiblotlcs, although
they seem tc diminish the severlty of invasive infection, will by no means aolve
the problem of burn wound infection,

V. The Stress Response in Severe Burns was studied in 21 geverely burned
patients., A full-scale adrenccortical study was made on each over the lat 10 days.
The quantitative eosinophil counts reflect guite well the adrenccortical fumotion
of the burn patient. The depression of the eosinophil count was greatsst and
longest in large burns, least in small burns; the stress reeponse varies with the
gseverity of the burne. Quantitative balance studies of urinary corticoids, nitre-
gen, Ma, K, and water in these patients confirmed this conclueion. The adreno-
sortical response to thermal injury may be conceived ar a sort of massive internal
inflammatory reaction. The administration of ACTH and Compound F to normals{inburned
confirmed this conclusien and supported the contention that DOCA-like compounds may
bs released after thermal injury. Clinioal triala of ACTH and cortieone in the
shock phese of severely burned patients did not promise much gain in survival in
such patients. Pssudodiabetes, simlilar te that found in Cushing's digease, vms
discovered in severely burned patiente who had been on a high carbohydrate, high
caleric intake soon after burning injury. It has not been found so commonly since
the carbohyvdrate level of inteke has bean reduced.

VI. Nukrition in Burns. 1) Studies of the Plnsma Ultrafiltrate in burned
rats indicated &) an increase in the taurine fraction, b) & large amino acid eon-
jugate increasse, and c) a large increase in histidine or histidine-like compound.
Of greatest importance is the congupgate amine acid fraction which on hydrolysia
yields glycine in greateat amounts.

E) Intravenous Fat Emulsiona were employed in too few cases to warrant any
definite conclusions., '

3) Nutritiondl Requirements of Burned Patienta. Fifty burned petients have
been studied metabolizally. Although the dietary requirements of the severely
burned adults appeared much higher than those of normals, it is still not knowmhow
much higher. The dlets have consisted almost entirely of liquid feedings; fat
emulsions were the chief source of calories in 40 of these patients. It has been
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found poseible to give fat at high levals to the severely burned patient. The
nutritional regquirements of the burned child appear better kmown from this study.

.i) The Influence of Exercise on the Injured Patient. Thege metabelic studies
showed that plamned active bed exercise for the injured limbe reduces greatly the
nitrogen loss in tho traumatlized individual. Total body weight loss in the exerciae
group was considerably leas than that in the control group.

VII. Experimental Burns in Aninals, Extenszive studles were made on combined
thermal and radiation injury in deogs in an attempt to simulate the injurles that
might be inflicted by an atomic bomb explosion in the 6,000 to 7,000-foct zone.
Doga were given the standard 207 contact burn injury complicated by the addition
of ]100r eoxternal body radiation., This emmll amount of sxternal body radiation re=
sulted in mortality of 73% as contrasted to a mortality of 12% when the burn alone
was inflicted. AJl doge that died as a result of the combined injury hed a bleood
stream Infection of beta hemolytic Streptococcus, type G and L. When this same
experiment of combined injury was carrled ouf, except Lhat the animals were treated
with penicillin, the mortality dropped to around 18%, and no animal developed a
blood stream infection of beta hemolytic Streptocoocus.

REFERENCES. Dr. Evansa end his co-workers published these reportes:

"The Early Management of the Severely Burncd Patient", Surg., Gyn. & Ob,, 94:
273-282, March 1962.

"Fluid and Electrolyte Requirements in Severe Burns", Ann, of Surg., 135:6, 804,

"Atomic Burn Injury", Medical Aspects of Civil Defense, Council on National
Emergency liodical Serviee, AMA, Chicago, Il1l,, June 1952,

“A Standard Contact Burn", Surg., Gyn. & Ob,, 93: 543-554, November 1251,

"Nutritional Problems of Patients with Burns", Kutritlon Rev., 9:257-260,
September 1951.
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Therma) Burna

Dr. Oliver Cope
Masgs, Gen. Hospital
. Bogton, Mass.

BRIEF. The objective 1s to study the local burn and 1ts exudate in order to
determine the basic derangements and to develop local therapy. Hamologous skin
grafts as a temporary life-paving measurs are to be investigated and metabolio studles,
uging radicactive tracers are to be made,

BACKGROUND, Funds for ihis ccoperative study wers given the Navy in September ;
1950. The Office of Naval Resgearch reports under "Intracellunlaer Changes in Trauma
Depletion and Repeir™,

Ointmenta for Dressings.were gtudled., Carbowax has a wmors retarding influence
than petrclatum,

ACTH. The swrvival of hamografts in guinea pige and young hogs was not length-
sned by the use of cortisone or ACTH. No evidence was found that ACTH diminighed the
need for plasma collold, electrolyts, and water therapy of the burned patient in the
initial %6 hours. Burns treated with ACTH developed measurable edems and blebs of
the ssme extent, duration, and protein oconcentration as comparable wounds in untreated
patienta, Patients with aactive Cushing'a diseass due to hyperfunotioning adrenal corti-
opl tumors, who volunteered for controlled experimentsal burns, developed the same edema
and blebbing as did normal volunteers. No difference in edema or blebbing was seen be-
twoen ACTH-trested and nomtreated membera of palrs of young hogs given controllsd burns.

Using the Drinker dog-foot lymph preparation, ACTH did not influence edema form- ‘
ation, or rise in flow and protein comoentratlon of lymph. |

FROGHESS, Between 1 January 1551 and 15 May 1952, 151 buwrned patlients were cared

for., i
H Two comploted projects explored the use of hoamografts in treating of full-thicknesa

burn wounda. Homografts offered the most physilologic dbasing for & full-thickness burn
wowd yot devised., The survival of homografts proved unpredictable; nc means were found



internal administration.

II. Shook - Fluld Therapy.

Effect of Adrenal Hormones on Capillary Permeability and the Need for Fluld
Therapy. The cleim that ACTH given to the patient would diminish the need for fiuid
in the shock phase has been extenslvely Investigated and no substance to the claim
has been found., Apparently it was based on & misinterpretstinncof.-man effect of ACTE
on the infectious Inflammation which appears as a later phase of the burm wound.
Flutd is needed in the early shock phase of the burn pecause the ca.pilhriei%mnsed
by heat leak plamma fluld in excesalve quantities, the fluld puddling in the bwrn
vound as edema. Blood volume falls and dehydration of the rest of the body occurs
if fluid le not promptly administersd intravenously. With the paasage of time and
the growth of beaoteria in the wound thls phape of caplllary damage due to the heat
passes Iinto cne of infectious inflammation whioh may aleo be assocliated with ab-
normal capillary lealmge, This infectious phass 1p not significant in fiuid ther-
apy until 2 or more days have passed, the time depending upon the Infecting organ-
1em.

Use of Rediocective Chromium in the Measurement of the Circulaiing Red Cell
Masg. This method of tagging red ed oells offers the beat method thus far found,
The chrcmate ion forms a firm bond with the red gell without deatroying it. The
bond is formed within a bhalf houwr, The chromium attaches itself to the globin.
If the red cell is hemolyzed by a burn, it sticks to the globin in the plasma,
The concsntration of chromium in the plaesma ocan thus be used ap 2 messure of
hemolyais following a burn in an animel injeoted with chromium-tagged red cells
prior to burning. This method geems muoch better than the radloaoctive phosphorus
method.

Experimente have been dons on doga. A burn of 50% of the body surface in
water of 85 - 90° C for 30 seconds hemolyzes an average of 10% of the red oslls.
Lese severe burns hemolyze fewer oells, more severe, deepsr burns & greater number.
The percent of ocelle hemolyzed has been checked by giving & 2nd injeotion of ohro-
mium-tagged cella. The difference in volume between the lst and 2nd chromium vol-
tme should alsc egqual the volume of red cells destroyed. There is gocd correlation
between the 2 detsrminations of red cella hemolyzed,

This method was alaso used ioc measure the red cell mass in patients, The volumes
found in well patisnts belleved toc have a normal red cell mass agree with the radio-
active-ipon-tagged cell msthod. In the only 2 seversly burned patients sesn only
wminor losses of red cells due to the burn weres found.

It was the initial impression that the proportion of the red cell mass destroyed
by the average bwrn was not therapeutically significant. Whole blood therapy 1s not
mandatory in the initial hours unless the burn is truly a deep, cooking, extensive
burn. Thla situation should be distinguished from the later need to make good the
progresalve anemia, MOre guch obaservations are needed.

Bleod Vipooslty in the Critiocal Evaluation of Wholes Blood.Therapy. A study
here of the visoosity of both the whole blood and of the plasma following a burn
and ite rslation to a rising hematocrit {in the dog and in the burned patient) show-
od that the visoosity alec parallels the hsmatoorit in burns. The rime in viscceity
shopld be asecciated with slowing of the clroculation in the undamaged tlpaues and
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organd, with reduction in the nutrltlon. How far the diminlshed oxygenization
resulting firam viscous blood can be offaset by the lnsreased oxygen-carrying
capacity of thie blood with ite greater hematocrit remaina to be seen.

The observaticns thus far gshowed that flow of the more viscous blood to
the brain is redused, but with the ilncreased oxygen-carryingccapaclity the oxygen
consumption of the brain remsins cloge to normal. As long as the brain can with-
draw all the oxygen from the blood with greater than normal hematocrit, the dis-
advantage due to diminished blocd flow i offset. These experiments In blood flow
are tricky and continued inveatlgation is Indicated,

Edema Volume and Need for Fluld Therapy - Radiocac¢tive Sodium Versus Thio-
cyanate in the Meagurement of Extracellular Space, Under normal conditions the
thiccyanate and radiocactive sodium volumes are almoet identloal. Observations
here indicate that under acute gtresa, such as burns and perforated ulcers, the
2 volumes depart widely from sach other, the sodium being considerably larger,
During widespread inflammation in the later phames, 2 apaces mre reversed. Siudy
of these 2 apaces may yleld importent data regarding the passage of certaln iona
through cell mexhranesa.

Re-evaluation of Formilag for Fluid Therapy. Workers here are recalculating
experience with extenalvely burned patients toc see how fodr formules now in use in
burn therapy stack up.

III. Meotaboliam

Ten aseverely burned and 3 moderately burned patients were chbaerved from the
time of injury through healing of their wounds. The metabolic rate of 6 patienta
without burns who were undergoing major surgical prooedures wers cbasrved.

Following extensive thermal trauma the metabolic rate is elevated, plus 30
to plus 60, for as long as 2 months; it gradually recedes to normal as the wounda
heal.

In circumscribed burna involving but 15 - 20% of the body surfaces, the
metabolic rate iam norma.l or only slightly elevated.

In the patlents undergoing mejor surgical procedures the matebolic rate
rose alighﬁ for the lat days after operation. The basal metabolic rate of the
non-burnad volunteer war not eignificantly altered by a high protein diet.

The protain-bound icdine of the blocd serum and the thyroid upteke of a
tracer dose of 111 were measured in T patients. The measurements, specific




Acute Bone Decaleification and Celclum Polasoning of the Kidneys. It is
belleved that in 1 burned youth studied, his 6-months immobilization plue the
high caleium intake of the milk dlet had induced these oomplicatlons - oconvul-
slon, impairment of renal function, with albuminurla and elevated NPN.
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Traumatic Surgery and Shock

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

BRIEF, The purposes are: to study the mechanlsms, physlologic effects, and
control of hemorrhaglic and treumatic shock, and to develop practical epnd improved
surgicel and chemotherapeutlc methods for handling such patlentis.

BACKGROUND. Liver Function during and Following Anesgthesia and Surgery. To
determine the effects of various anestheslas, duration of anesthesia, and surgery
upon liver function, patlents are selected from the operation schedule, Blood samples
are taken preoperatively, after induction of anesthesia, and at intervala following
purgery. A panel of llver function testa are performed;and estimations are made of
the blood keto acids by means of paper chromatography and plasma prothrombin by & 2-
stage method in a few surgical patlenta. The 25 patients studled included 10 with
major thoracic and abdomina) procedures. In none was there liver disease prior to
surgery. There was no obvious influence upon the liver funotion tesis exerted by
operative trauma or anegthetic agentas In otherwise normal individuwals. On the other-
hand, in patients with chronic hepatic disease undergeing exten e surgery there
seemed to be a marked responee to the trauma of surgery and the liver
funotion tests messured, Although extenalve, these changes were not permanent and
values returned to their previous (or improved) levels within 2 weeks.

The Use of the Artificial Xidney in Metabolic Problems. One psatient with an
hepatorenal syndrome was dlalyzed for 2 hours. Then it was necessary to atop be-
caupe of gastrointestinal hemorrhage. Definite chemical beneflt wam obtained. A
2nd patlent, terminal with a fulminant hepatitla, developed anurla and severe potasma-
lum intoxicatlon with irntermittent gaatrointestinal bleeding. Although chemical and
elaectrocardiographic improvement resulted, he expired from hie primary 1lineaa.

: One patient, dialyzed twice for potamsalum intoxication arising from ecute anuria,
responded well but expired with pulmonary edema after 23 daye of anuria., It 1a be-
lieved that with prolonged anuria of thiam type irreveraible timsus changes take place
vwhich are not affected by dlalysis therapy. Another patient who developed sanuria
following a transfusion reaction was dlalyzed becaunse of potassium Intoxication. He
developed & spontansous dluresis and made an uneventful recovery. A patlent suffer-
ing uith chronic uramia vaa dinlyzad.with the usuel chemioal changes being effected
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the plasma and blood wolumes, the amount of ciroulating plasma albumin and
globulin, and the effects of closure of the fistula on these meagurements.
Studies have been made of the kinetics of mixing of T-1824 and 1131_albumin
with the ¢irculating bleood, the poesible dissocliation of the teet material
from its protein-bond, and 1ts possible loss into the lung durigg its lat
pasaage, The latter possibllity has alsoc been studied with Na?%, The arterial
dye-injection curve was campleted in 7 pre-opsrative flstulas, 8 postoperative
fistulas, 11 controla, and % subjects bhefore and after manual occluelon of the
fistula.

Experimental Shock. The volumes of distribution of T-182k, N&Eh, and Da0
are under study in dogs before and during exporimental hemorrhagic shock.

Although uwnexplained, there 18 evidence that different vasculer responses
result from speocific kinds cof shock-producing injuries. Instrumentation and tech-
niques were perfected for atudy of these factors:

1} total body hemodynamics, whiech inoludes central and periphersl arterlal
pregaures, cardlac ocutput, and ciroculatory competence; 2) cardlogenic factors, in-
cluding heart rate, ooronary anoxia, cardiac stimlation, the strength and possibly
the rats of cardiac ejection; 3) venous retwrn from the upper and lower parts of the
body; 4) peripheral resistance, including measurements of "total" and regiomal vaso-
motor tone as well as reactivity to arterenol; 5) measurements of the size of the
effectively supplied vascular bed (T-182h4); 6) the effectivenesa of oxygen transport
in relation to demands of the body; and 7) tests of sympathetio and perasympathetio
activity.

Deaign of a Flame-Photometer was perfected.

The role of bacterial infection in shock was 1lst studied in blood cultures
from dogs with and without portacaval shunte asubJected to hemorrbaglc hypotension.
Baoteria vere cultured oocasionally, but not consistently.

1) Guinea plgs have been inocculated with coliform bacteria and their toxins
and with extracts of dog feces and then challenged with the game antigen after &
weeke. It has been poseible to induce anaphylactlc shook In guines plgs peneitized
and challenged with sonic-killed Gram-negative baoteria. Several cthers developed
sovere bl sgblethal allergic manifestations. 2) Mouse toxiocity studies were done
by injecting mice with plasms from doge in variocus stages of hemorrhagic phook. No
toxic effects were seen.

Dogs subjected to hemorrhaglc hypotension have heen treated with the reinfusiocn
of shed blood by either arterlal or venous iranefuslon., Results in thies small series
fall to indicate superiority of arterial transfusion exoept vhen the heartbeat has
ceaged. Under those circumstances arterial transfusion has been anogeseful Iin re-
auscitating more anima)as than the venous route of transfusicnm.

The Burgical Research Laberatory located in WRAH i doing analynes of acld-
base and fluid and elsctrolyte balance problems.

Surgical Research Team in Korea. Studies on water balance with Dy0 have begun;
adrenal stercid exoretion, electrolyte balances, and dehydration studies ars under way,
The teem acquired an artificial kidney for trial;plastic blood transfusion bags are
being evaluated,
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FROGRESS. The Role of Bacterlal Infection 1n Shook. The role of endogenous
bagteriel infection in shock le belng studied. The permeability of the intestine
to baocterial toxina in shock and control atates has been studled by means of a
known hacterial toxin as a tracer in 15 palrs of doge. Of each palr one dog 1s
put into ahock and the other serves am a c¢onirol. Bdtulism toxln has been instilled
intc the gastro-intestinal tract and the hourly blocd samples have heen asanyed for
toxin content by meana of mouse toxicity. Freliminary results indicate that there
la a greater lsvel of this toxin in the blood as a result of shock than in contrel

dogs.

Arterial and Venous Blood Tranafusion in Shock. Cinercentgenograma were made
at the Army Medical Ressarch ILahboratory, Fort Knox, Ky., on the fate of dlcdrast
given arterially and vencuely in rabbits in shock. While this product ia far fram
satisfactory it served in developing a teaching technique.

Fluid and Electrolyts Changes Assoclated with Trauma. The Surgical Reasarch
Laboratory at WRAH is continuing to do analyses of acid-base and fluid and electro-
lyte problems in the hospital. It is serving as a focal point for analysis of phye-
iologioal problems for WRAH.

Experimental Shock and Ciroulatory Mechaniems and Fluid and Elsctrolyte Changes.
The Waloott technique, whigh most closely resembles uncontrolled shock due to hemor-
rhage in man, hag been used in animals aneathetized with nembutal. ZFindings at gross
autopsy are ldentical to those found ln other types of experimental hemorrhaglc ahook.
The over-all physiologic pattern includes: 1) cardiac and respiratory accelerstion,
2) decline of arterial pressure, %) coropary &anoxia, 4) hyperthermia, 5} alterations
of pulse contour, all eventuating in respiratory failure. The decline of pressaure ia
not countered by significant liwd vascconstrlotion., Nonetheless flow is dlverted away.
The circulatory coilapese cocurring is not due to & body-wide loss of sensitivity to
presaor agents nop to bagterlal processes, There is a wvide range of individunal sua-
ceptiblility and circulatory reaponse.

Meagurements of blood volume, of fluld, protein and cell mobilization and losa,
and of permeability of the wasculer compartment have been found In conalderable error.
Experiments have shown these concentrations are profoundly influenced by volume and
distribution of blood flow, factors ungquestiocnably altered in ahock, but completely
neglected previdumly. New measuremsnts of these funoticns have been developed which
are applicable to all types of shook,

Therapy of cirouwlatory collapse in shock by vasopressor drugs mey augment the
deleterious effeots of reduced remal blood flow. Two such agents, epinephrine and
norepinephrine, ere being studied in normal doga, Incamplete resulis indicate an
inorasse of fldv at low donago, a dacraaao &% high levels by both drugs. In general
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T-182L4 when administered simultanecusly,

A cape of renal tubular scldosls with nephrocalcinosles is under study; the
condition has been shown for the first time to be familial.:

Biochemiagtry of Connective Tisaues., This project was initlated several years
ago to cbtain fundamental blochemical data relative to rheumatic fever and tc normal
as well as other pathologlic states of connective tisasus. More than 20 publications
include:; the preparatlon and purlfilcation of hyaluronldame and hyaluronic acld; an-
alytical methods for hyaluronidaase and serum anti-hyaluronidase; kinetics of the en-
zyme reacticn; the dependence of aerum antl-hyaluronidase on Mg, 1ts relation to
scurvy in guinea pigs, 1ts relation to rhawumatic fever, and the effect of palicylates
in viiro; the effect on capillary permeabllity; the effedt of rutin and anti-histaminice;
and the collagen content of some connective tlasues.

The best ccmblnation of published technigues for preparing hyalwronic acid from
unbilical cordes haa been incorporated into & simple, reproduclble method. Analytical
data show a high degree of chsmical purltiy am well as high viscoglties, indlicating
limited degradation of the polymer,

Plasma Pulmonary Clearance Duriling the Firet Circulation. The Stewart Principle
has been modified for the eveluation of net exchange of micromolecular solutes across
caplillary bede. Flow measurements baged upon the mean dilution of an indicator dwring
ite first e¢irculation will be artéfactually elewated If a portion of the indicator 1s
diverted from the stream during that cireulation. Hence, 1f a oryetallcld is admin-
lstered simultaneously with a colloid, differences in blood flow determined separately
from their concurrent dilutiones must reflsct the net extrevascular (i.e. tranacapillary)
logs of the more diffusible agent.

This technique of slmltaneous indicators was applied to a study of net salt
and water transfers in the lesser nirculation of man. T-182h was employed as the
intravascular standard. Such use of T-182k was vallidated by the demonstration of
instantaneous and complete dye-protein unlon during the let clroulation.

T-1824 1n various combinations with I131.1abelled albumin, inorganic I3, Na2h
and DoQ was administered to 24 subjeots, Delivery was masde through a oatheter within
the subclavian vein., This methced did not disclose any significant transcapillary ex-
change or extravascular dilution of elegtrolytes within the lesser cirsulation of nor-

mal man.

The T-182h/Na2h flow ratio in a patient with mitral stencels and proven pul-
monary hypertension was 0,902, In anbbher with a large carotid arteriovencus fistula,
the T-1824/Inorganic ratio was 0,881, Both values suggest transcaplillary electrolyte
exchange. Prellminary values in 4 subjecta with deuterium indicate that even the ex-
change of water i1s minimal within the lesser c¢irculation of normal man. Reaults ob-
tained in peripheral capillary beds are strikingly different than the above. Thus
40-60% of inorganic 1131l crosses the capillary in a single ciroulation through the
lower extremities of both man and dog., This amply attesta to the sensitivity of the
aimultansoua indicator teshnique, The fate of white blood cells in the lung has alsgo
been studied by this new method. Leukocytes have been separated from blood by fibrino-

gen Tlotation Bnd labelled with PO2.
454




—T_

Kinetics of Simultaneously Administered T-1824 and T33l-Iabelled Human
Serum Albumin, This proJject has been gubdivided into 2 categories:

The early mixing and late metabolic rate of T-1824 as evaluated by the
similtanecus administration of T-182% and I1%1-labelled human serum albumin:
The first oireulation was isolated from subsequent phasea of T-1824 mixing by
application of the Stewart principle. Simultansous transit of T-1824 and iof
dinated albumin was evaluated in 2 vascular beds of widely dlfferent presswre
and caplllary relatlonships, i.e, the lung and the jower extremities, 1In aseven
subjects transit of T-182h through the heart and the lung in the lst circulation
wag ldentical both for T-1824 and iodinated human serum albumin, In 3 separate
determinations identity of transport during the lat circulation with these £ in-
EH dlcatord was alsc demonstrated in the lower extremity. The evidence would indi-
cate that virtually instantanecus and complete uniomn of T-182h to albumin occurs
immedlately subeequent to intravascular introduction of the dye. Thla effect-
lvely refutes any of the reporte of early retlculo-endothelial abstraction of
unbound dye anicna, The prompiness of dye-binding does not necessarily reflect
the atability of the resulting dye—grotein gomplex, Therefore the late simul-
tansous degradation of T-1824k and I13} albumin was asmessed in 10 human subjects.
The indicatorg were adminlasteresd similtaneously by separate injections from sep-
arate giteas. Meapurements vere extended over a period of 1 week. Plasma de-
c¢line of indicators durling thia late phase presumabli repreasents pure meiabolic
turnover rather than mixing phenomens, T-1824 and I171 albumin disappeared at
virtually identical rates and distributed over approximately equal compartments,
Ehsreaver divergence occurred it was in the direction of greater loas of dyes but
thias nesver exceeded 10-15%. In addition, 2h-hour concentration of dye was deter-
) mined in 27 subjects. Disappearance of dye averaged 50% during mixing of 1 day.
The experiments would indicate that T-182hk approximatsly mirrors albumin trans-
port.

Arteéfactual divergences of distribution ocompartments resulting from mixing
of T-1824 and I131l-labelled albumin prior to Injsction: Different results than
the above are cbtained if T-1824% and I131 albumim are mixed together in the same
injection vial in concentration wherein there is marked excess of the dye. In-
¥itro this manipulation does not change the properties of the icdinated albumin.
Electrophoretic mobilities and ultracentrifugal patterns are unaltered. Butanol-
extractable I131 and dislyzable I131 fractions do not inorsase. Moreover, despite
tke incubatlon of dye with lcdinated albumin, the chromatographic R. F.iimkge of
the radloactive material remains the same. Nevertheless subsequent to adminietration
of these premixed indicators a rapid (3-8 minutes) abstraction of 10-15% of the io-
dinated albumin occurs in vivo, This divergence has been demonstrated In %5 humans
a8 vell as 3 doga. The metabolic removal of a portion of the lodinated albumin is
permanent and discontinucus, Thus over a period of 1 week im 3 gubJects there waea
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, REQUIRENRENT AND/OR JUSTIPICATION

Intravencus fluids to expand the circulating blood veolume will be urgently
required in large amounta for atomic casualties. ihole blood end its cellular
elements cannot be stockpiled because of short storage lif'e and insufficient
supply. Plamma, albumin and other derivatives are alsc subject to limitations
of supply and possible transmission of homologous serum hepatitis. Stable, safe,

quantiti=s are urgently needsd.

be Brief: The objective is to investigate tha characteristics, physiological
aeffacts, safety, and efficiency of the gelatines, oxypolygelatines, dextrans and
pelyvinyl pyrrolidimes ns plasma volume e¥panders. To develop new and mors
affective plasme volume expanders.

In the event of atomic warfare a mass of casueltiea suffering from shock
incident to burns, traumatic wounds and hemorrhage will present an immedlate
problem of profound magnitude. The use of blood end blood derivetives to expand
the circulating blood volume in the treatment of shock iz a well-established
surgicel prindiple. Availabla supplies of blood and blood derivatives to meet
this emergency would be insufficient. It 1s therefore, imperative that a
spuitabls product or producta be developed, which can be stockpiled for use as
plasma volume expanders in the event of an emergency.

The ides of preparing end utilizing solutions of compounds or matsrial
having the collofdal and osmetic characteristics of plasma is not new, Despitl-9
pravious efforts to develop completely setisfactory plasma volume expanders,
none have been found which are entirely free of dlsadvantages, The difficultigs
involve the gelsction of a foreign material that will provide the desirable
characteristics of human plesms and be completely matabolized without producing
toxic or allergic reactions in the recipient. TFrom the standpoint of practical
uge, a plasma volume expander should also have sufficient stabllity to permit
storage, distribution, and administration under various envirornmental and
emsrgency circumstances. The availabllity and cost of manufacture are factors
which alsc require consideration.

TSI ", 1c & P fe. fr. e
JOD FORM 14, 1 APY 1949
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Several potential plasme expanders, notably Dextran, PVP end various gelatinea,
are przsently avallsble but there are many unsolved problems comnected with each of
them,

Daxtran, obtained from fermentation of cane sugar was develoned in Swedon
after the lagt war and has bteen used exteneively in Burope for the treatment of
shook. The molscular asize of the product mey vary widely, which is undesirable.
Efforts must be mads to produce a product in which the molecular weight is con-
trolled batween narrow limits, After intravenous administration most of the
Dextran disapoears from the blood stream in 12 to 14 hours. About one-tenth
bo one-half 1s excreted In the urine, but the fate of the remainder i8 8till
incompletely determined. Tracer studles will be done to investigate this uetter
mors completely. Toxlc effects have not been observed, but allergic reacticns
have occurred which must be investigated.

Polyvinyl pyrrolidons [PVP) was introduced in Germany during Torld ‘ar II
and wag used extensively ms a plasma volume expander. Like Dwktran, its molecnlaer
size varies and its metabolic fate is unlmown., It is non-antigenio. Although
promising, FVP needs much more study to determine ita comparative value as a plasme
volums expander.

Various gelatine have had wide ues in thils country as plasma volume expandera.
P-20, an osssous gelatin hag been thoroughly studied end found to be effective, but
it has limited practical use because of lts gel state at usual room temperatures.
Oxypolygeletin, a chemlcally modified gelatin, shows some promise but much investi-
getion is still required. :

Since ell present potential plésma volums expanders have disadventages, sfforts
should also be made to develop new and mors effective plasma volums sxpanders.

bs Approachs (1) Charaoterize both chemically and phygically all plasma volums
expanders for the purpose of developing inspection and control methods. (2} Attempt
to modify the various plesma volume expanders to improve the shaps of their molew
cules and to control molscular weights within narrower limits. 53) Develop analy-
tical methods for msasuring the plasma volums expanders in body tiasues, fluids and
oxgrata. (4) Determine thse effacta of the pressnce of plasma volums expanders in
the body on the reliability of standard methoda for blood analysis and on measurs=-
ments of cell and plasma volumes., (5) Investigate changes in plasma volums ex-
panders on aging in storage. (6) Produce raddp-active tagzed materials for tracer
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reticulo=endothelial system and other vital organs. Those products found to be
safe and effective in animals will be similarly tested in normal human subjects
and those suffering from shock. (9) At®empt to develop new and more sffective
plasma velume expanders.

The ultimate aim of this project is to produce a stable, safs, -effective,
cheap plasma volume expander which can be stockplled in large quantitiea for use
in cape of ap emergency.

Prr. 12 Contramotor andfor Letorrtory

Ae Sutﬁ}oal Regesarch Unlt

T1ill test plasma expanders in animals and human military subjects, with
paerticular attention to safety, reactions, efficlency in restoring and maintein-
ing blood volume, valus in correcting shock, and practical valus for military
uses Will investigate the metabolism, excretion, retention ond storage of plasma
expanders, snd their effects on the kiduney, reticulo«endothellal system, and other
vital organs.

be Emory University - Dr, W. L. Bloom

Will atudy the clinical effecta of dextran on the dyhamlos of ciroulation and
ot kidney function. Will investigmte ths hydrolysis of dextran by body tlssues snd
sxtracts, notably by muscle, liver and splesn; and by body enzymes, notebly 1 - 6
glucosidagsa, Will perform tracer experiments, uslng dextran labellsd with radic-
active carbon ~ 14, to determine excretion, storage, and metabelic braskdown in
the body. Will evaluate dextran in clinlecal patienta, for shock and for ita effects
on patients with liver and kidney diseases. TWill develop analyticel methods &or
dextran in body tlesues and fluids.

te DUniversity of Pittsburgh ~ Dr. T. S. Danowski

Dextran and PVP (polyvinylpyrrolidones: Periston) will be studied in animals
which have the smlt-depletion type of shock. Their effects on circulation will be
measured by cardiasc catheterisation, ballistocardlography, blood pressurea, cyanide
circulation time, and changes of kidney function. Following this, similer cliniocal
ptudles of dextran and FVP will be made on patisnts sguffering palt-depletion and
other forms of shocke.

ds University of Jowa - Dr. S, M, Horvath

Will study, in animals in hemorrhagic shock, the effects or plasma expanderr
on cardiao output, liver blood flow, renal functions, arterial and venous-bdlood
pressures, blood volums body water, body weight, sppetite, and the composition of
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the blood. Animals will be followed at lsast two wseks to determine retes of
return of functions to normal. Later the effectiveness of the plasma expanders
in dehydration and envirormental stress (heet and cold) will be investigated.

es Ynle Thiversity - Dr. L. G. Welt

Will investigate the effecta of plasma expanders on the msteboliam and
excretion of water mnd electrolytes in normal humen subjects and in mddematous
patlents. Will use iso-tonic solutions of the plasms sxphnders, but which ars
either lso=oncotic or hyper-oncotic. Will determine whether the plasma expandera
are capable of inducing diuresis in ddemstous patients. Will study the utilize=-
tion of chromium tegged red cells for measurement of blood volume and sfiphur-35
in the measurement of extracellular fluid woluna,

f+ Ohio State Univeraity - Dr. R. M. Zollinger

Till do comparstive svaluations of the plasma expanders in human patienta for
the treatmesnt of shock dus to trawma, burns, or hemorrhage. Observations will be
made of elinical response, local reactions, systemic resmctions, and effects on
blood pressure, plasmp. volume, cardiac output, plasma camotic pressure, blood
foagulation, blood viscosity, blood flow, hemolysis of red cells, kidnsy functions,
electrolyte balance and acid-base balance, The fate of the infused expanders will
be investipfatedy retention in the circulation and storage in the reticulo-endo=-
thellal systemg rates and molecular siszes excreted through the kidney.

g+ Harvard University - Dre J« Fine

Iracer studies In animals will be performed with PVP (Periston; polyvinyl=-
pyrrolidone), labelled with one or more of the following tracer tagss N-15, C-18,
I=131. Quantitative determinetliona of the distributlon, excrstion end deposition
of FVP will be meds by anmlysi#s of tilssues, blood, urine, feces, and expired air,
using radioactive techniques end the mesa spesctrometer. Isctope analyaes will be
checked where possibls with chemical analyses for PVP and with histological exami-
nations of tissusa. The effecta of FVP on blood volume, fluld balence snd '
electrolyte shifts in normal and shocked animals will be observed. Functional
damage to tissueas and orgens will be measured, and the toxieclty of FVP will be
determined fmruhice and rats. Attempt will be made by plasmapheresis to rsplace
plasma with PVP to determine its potential for injuring tissues. If the tracer
‘studiss are not conclusive. additional labelling of the aliphatic chaln of FVP
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rates and constants in the ultracentrifuge. Will develop A new me thod to obtain
theae results in o shorter time than the one week now required., ¥Will determine
the changes in molecular sizes of pgelatins in solution which oceur during sterage.

i+ University of Pennsylvania - Dre H. M. Vara

Flasma expandsra will be compared by standardized animal tests which were
developed for evaluating intravenous gelatine. Values for expansion of plasma
volume and correction of hemorrhagic shock will be measured quentitatively. Rates
of excretion ln ths urine and disappearance from circulstion will be measured.
Toxicitfes will be determined. In collaboration with the Knox Geletin Compenmy
{Dr. D, Tourtellotts)}, attempts will be made to produce and evaluate oxypoly-
gelating with gel points below 50° F, Clinical trials of expanders, which appear
safe and effective by animal experimsnts, will be made in humen patients,

b Hatioqal_&cademy of Sciences - Dr. F. D. Lawrsason

Will serve as a central information offlice for all phases of the plasma
expanders program, providing "up-to-the-minute™ informsation to investigators,
comnmittees of the Hational Research Coincil, agenices of the Department of
Defense, and potentigl manufacturers. Will arrange the preduction end distri-
bution to investigators of all plasma substitutes, including tagged meterials for
tracer studies. Will duplicete all research reports from investigators snd dis=-
tribute them to nppropriate agencies of the Armed Forces end National Research
Council, Will assist the Mztional Rezearch Council committess in the analysis
of research data and preparation of reports, as a basis of recommemdations by the
Hational Research Council snd implementstions by the Department of Defense.

k. National Bureau of Standards = Dr. 5. G. Welszaberp:

TWill characterize, chemically and physically, the plasma expanders, for the
purposes of dzveloping inspection end control methods, which will servéd aa the
basis of satisfactory purchase specifications, adequate inspections, and sound
product controls, A series of practical analyses will be developed, which will
insure that types of products wanted can be specified %o iIndustry and procured by
the pgovarnment. Osmotic pressures, light scattering, intrinsic viasccalties,
sedimentation rates, snd fractionations will be investigated. Changes in plasma
expanders on aglng in stornge will be investigated, Posalble modifications of
dextran, to improve the shape of its moleculez by chemical treatment, will be
ettempted. RKadlcoctive dextran for tracer studies will be characterized.

1.  HNew York Univeratly - Dr., Ra C. Warner

1) develop nnalytical methods for mwasuring the plasma ezpanders in body
tissues, fluids, svd oreretn. Will determine the effects of the presence of plaamm
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sxpanders on the relizbility of standard mathods Bor blood analysis and on measure-
ments of cell and plasma volumes. Will develop mnalytical methods for metabolic
internmedliates of plasma expanders found to be metabolized in the body. Will develop
analytiecal methods to chemiocally charncterize the fractions &f plasma expanders
gupnlied by manufacturars.

me Columbis University - Dr. A. Cournand

Mill establish emergancy teams, on call at both Bellevue Hospital and flew
York Hospital, to treat traumatlc cases with plasma expanders, and to make thorough
clinical studies of each case from the time of admission. The protocol will be that
of Dy W+ Richards and A. Cournand, developed in 1944-45, for the study of concen=
trated albumin aolution as & plaswse expender. Particuler attention will be paid to
hamcdynamic effects. '

e Carnapie Institutlon of ﬁhshinEEEn = Dr. L, Ga Mexnar & Dr, F.P. China

The permeability of the capillary beds in various organs and tissuves, to the
plasma expanders will be determined with tracer tapgged materials and Instantaneou:
dynamic methods. Storage in tissues will be determined at various times after
injection, The effects of plmsma expanders on the hlocd velume and the distri-
bution of body water between the vascular and extravascular compartments will be
determined.

o. St. Vincent's Hospital - Dr. L. M, Rousselot

TMill investigate the dshydrating effects of the plasma expanders end meazsurs
the water displaced from tissues into the circuletion, in normal human subjects
and patients in shock® Will measure the amounts of proteins displaced from the
circulation and tissues by plasms expanderss

pe Polytechnlc Institute of Brooklyn ~ Dr. F. R. Eirick

i1l study the molecular characteristica of PVP (Periston; polyvinylpyrroli=-

dene} solutions, to include distribution of molecular sizes, mclecular shapes, extent

and types of branching, solubility, viascosity, membrangc permeability, osmotic and
oncotic pressures, light scattering, sedimentation velocitiea, interaction with co-
solutea, and behavior as a polyslectrolyte under physiclogical conditions. These

data will be used, aas far as practicable. to dafina PUP in nurchaaa crmealfiands-w-

"




Plasma Volume Expanderz (Continued)
6=59-12-024

re« Children's Medical Center, Boston, Massachusetts - Dr. E.R. Blout

Will synthesize water=scluble high polymers from naturally oocurring alpha-
amino acids for possible use as blood plasma expanders. After gyntheais, the
pharmecclogical and physiological properties of each product will be tested.

8. Washington University - Dr. Robert Elman

The effect of various plasma substitutes including dextrans will be studied
both in enimals and in petients. The patients will he those admitted to the
Barnes Hospital nnd St. Louls City Hospital and Homer G. Phlllips Hospital who
have developed evidence of surgical shock follewing operation, burns, tissue in-
Jury or messive hemorrhage, In addition to the wsual blood chemical studles, special
techniquss will be developed for the measurement of the colleldal osmetle preassurse
and for blood volume determinations. The latter involves the use of a new carbon

nonoxide inhalation- technique.

t. Army Msdicel Service Graduate Schocl

Will attempt te develop methods which are more sultable for the micro-mnalysie
of dextran in blood, ™Will study the reaction=inducing properties of clinicel
dextrons and the etisrlogy of these untoward reasctlons.

u. DUniversity of Piftabutﬁh = Dr. Paul H. Maurer

Mill conduct studiess relative to the antigenic sctivity of Dextran. The study
will involve the quantitative determlination of antibodles to both the high and low
molecular weight dextrans in various sera collescted at Brooke Army Hospital. In
addition to the antibedies to dextran a guantitative estimetion of the antibodles
pross=reacting with dextran will be made. Passive transfer and sensitlzation studies

gre also expected to be done.

ve Sloan-Kettaring Instdtute Ior Cancer Research = Drs. Leon Hellman and
Devid Becker

Will study the behavior of veriocus 6% labeled plesma sxpanders 1n the body
to include their distribution in the various body fluids and tissuess. Becauss of
the feasibllity of measuring small quantities of plasma expanders with the isotope
tsohnique, the behavior of tracer quantities of these materisls can be compared

with that of full thérapeutic amounts.
w, Cornell Univeraity =~ Dr. Jemes M. Neill and Dr. Bdward J. Hehre

The immunological provarties of “native® and of partislly hydrolysed ‘dextrans
464
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will be studied using » verilety of products from the Northern Regional Research
Laboratory, "native® dextran from other scurces and commercial products prepared
for clinical use, The occurrence and reacting capacities of non-dextran con-
stituents of dextran-forming bsctoria im oculture fluids will b determined. After
appropriate methods are developed, the examination of clinical dextrans for the
presence of trace amounts of serologlcally reactive non-dextran constituents of
bacterial origin will be done,

x, Enory University - Dr, Peul B. Besson ;

To determine the relationship between molecular size and Shwartmmm activity
of hydrolysis fractions of dextren and correlation with leukopeunia-producing
capacity. It will be determined if tolerance develops for dextran's Shwartzman
adivity ag it does for the activity of other bacterial producta. Should tole:
develop, further studies would consist of & chemical measurement of rate of
disappearance from blood stream as tolerance developa, the measurement of diss

pearance rate in animals made resistant by repented injections of bacterial
pyrogens, plus & study of the effect of so-called reticulo-sndothellal blockad
on thia tolerance.

v+ California Institute of Technolqg% - Drs. Linus Pauling end Dan H.
ampbell

To conduet chemlcal studies of oxypolypgelatin to provide a basis for improve~
ment of the product end for interpreting the findings of biologlcal evaluation
studies. New chemical end phyalcal methods for reducing the gelation tendency
of gelatin will be sought.

d, Other Informationy Nons.

o+ Background and{or Progresss There 1s no substitute for whole blood in the
troatment of mase casualties Ing 2 national emergencye Inabllity at pressnt
to preserve whole blood beyond 3 weeks mekes 1t impossible to build stockpiles of
this matetial. FPlasma and plasma substitutes must meke up the difference hetween
supply and demand. Stored pooled plasma hes not yet reached the point of absolute
aafoty from transmission of disease. A atandardlzed human globln sclution ie not
yot avallable. The material currently available les atill capabls of producing
untoward reactions.
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have the disadvantages of sclidifying at low temperatures, thus interfering with
blood typing after infusion. Polyvinyl pyrrolidone, of large molecular size, inm
retained indefinitely in the body while smaller moleoules are raplidly excreted so
that their functionas as plasma expanders are limited., Dextran, like gelatin and
polyvinyl pyrrolidone, iz still to be controlled from the standpoint of molecular
slza, Certain preparations are zpparently antigenic and may cause allergic re-
sctions. Other disadvantages are the possibility of harmful effects on certain
tissues or organs and the fadt thet énd products are not likely to centribute to
the synthesis of new body proteins.

Gelatin and Geletin Products

(1) Gelatin hes been subjected to comprehensive study in the past 10 years,
and 6 percent solutlons have VBesn found to be both safe and effective as e plasma
expander when given I{ntravencusly for the treatment of early stages of traumatio
shock. This solution of gelatin is compesed of relatively long molscular chains
which may be retained in the circulation for as long as 4 days, and shorter mole-
cular chains excreted by thé . kidney shortly after infusion so that their osmotic
eflfacts are only transitory. No significant demage to vital organas has been noted
either in animals or humans receiving geletin., There ig evidence that some of the
retained pgelatin is metabolized. Solntions of the material are stable. The prac-
tical advantages of gelatin are its awvailability, low cost, and freedom from re-
actions. The disadvantages ares {1) the smaller molecules are not retainsd
sufficiently long in the body; (2) difficulty with blood typing and cross-matchirg
is encountered after infusions becemnse of pseudoagglutination of the red blood
calls, for which reason it 1s advisable that samples for hlood metching be inken
before a (elatin infusion is given; and (5) uge in ocutdoor conditions is greatly
limited by the fuct that gelotin is in the physlcal state of a gel and at low
tempsratures plugs or runs slowly through intrevenous seguipment. Gelatin solutions
that remain liquid at low temperptures heve besn produced and are on the market.
but they consist of small molecules that are rapidly excreted and thus dec not exert
the seme efficiency in the trestment of shock me do the larger molecules. Gelntin
has the Turther disadvantage of bhaing an inconplete protein and so does not contris
bute materially to ths formntion of new protéin,

The gzlling problem appears to have Leesn largely cvercome by the development
of puypolygelatin, and without sacrifice of molecular size and osmotic properties,
Oxypolygelatin is orepared from the parent substance by decaleification with an
jon exchange resin, condensation with glyoxal, oxldation with hydrogen peroxids,
end sterilization by autoclaving A 6 percent solution, which has a measn molecular
welght of 40,000, remasins liquid at temperatures domm to 10° C. The product is
nonantigenic, After infusion 11 has about twice the osmotic activity of an
equivalent volums of plasma. Ths problem aftending oxypolygelatin 1s the coutrol
of molesoular sire, Clinical trials have not been extsnsive, but results In
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treatment of early traumatic shock parallel those of gelatin,

Polyvinyl Pyrrolidone

(2) PVP is a colloidal pojymsr of acstylene of large molecular weight, It
was developed 1n Germany as a plasma expander. A 3.5 porcent solution in Ringer's
solution has a mean molecular weight of ebout 20,000. PVP can be papidly produced
in large quentities fram readily available materimls. It is estimated that more
than 500,000 intravenous injections were given to Cerman soldiers in World War IT
with satisfactory results. FVP is stable on storage in the dry form and in solu~
tion end 1s nonantigenic. It is about equel in effectiveness to plasme and
gelatin in restoring diminished blood volume resulting from hemorrhage in the
experimental animal and in man. The ultimate fate of PVP in the body is now under-
going investipgation. From 20 to 50 percent &f the amount infused can be moce .
for in the urins in the unchanged state, and traces can be dstected 10 days a
injection. Experiments with radioactive materials have shown that less than
1 poercent is exhaled as carbon dioxide in the flrst 10 days following adminis
tion. These experiments further demonstrate that the nonexcreted portion ==
molecules having a molecular weight greater than 31,000 =- i3 taken up by the
reticuloendothelial system, the akin, and the skeletal muaclss, and stored fo
undetermined length of time., Whether this storage will produce harmful effec
1s not yot determined. On the other hand, if the molecular size of PVP isz re.
duced halow 31.000. 1+ 4a ranidlv arnratad hr tha Tidnave and i+a Punntian as »

|
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Work in progress at TMalter Resd Army ledical Center suggests that dextrans
contaln aufficient nitrogenous products to cause the appearance of precipitinas
in s certain percent of patients. The presence of these antlbodies appears to
be correlated with the allerpgic reactiona ettending its administration. Further
gupport for this rests in demonstrating positive skin tests and precipiting in
man when smaell smounts of dextran are injeoted subcutaneously. Hence, until
dextrans are further purifiaed they cannot be regarded as completsly inert, In
addition, there is some ovidence in patients with demaged kldneys that Iurther
damage occurs following infusion of moderate amounts of dextran, recovery from
which may be delayed. The problems facing us with dextran are: (1} the availa
ability of nitrogen-free (nonentigenic) materinl, (2) more complets control of
molecular size, and (3) definitibn of the dose which can be given with safety
to man over a given pericd. Dextran has besn standardized for smerpency use only.

£, Fufure Planas Work will continue to determine the best plasma volume
expander .

g+ Relsrasnces; Progress reports of investigators listed in paragraph o.
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Traumatic wounda and shock are among the most important typeycasualties
suffered in wartime, The treatment of these conditions almost invarlably
requires the use of wholé blood or blood derivatives, such as nlasma or
altumin., Bleeding and intravascular clotting are important complications of "
traumatic wounds and shock, and the®complications are frequently the cause of

L = = i LS STy L] [ 1] PRIl 3 ilafs =ad [ ] RN sInle MLE L ty (LS HIN]

L MpIRY [ MOUacE oup. GRCTTY the administration of blood derivatives such as

transfusion reactions, lower nephron nephrosis and homologous serum hepatitis,
In view of the widdl spread use of blood and blood derivatives in the therapy
of traumatic wounds and shock, 1t is essential that research be conducted to
eliminate some of the problems arising from the administratiun of blood and
blood derivatives and to develop ways and means of combatting hemorrhage

and intravascular clotting.

a, Brief: The objective is to study blood and blood derivatives with special
smphasis on thelr use as therapeutic agents in traumatic wounds and shock, and
to investigate ways and means of reducing or eliminating transfusion reattions
and other undesitable effects of these materials, Studles will also bhe con-
ducted to devise methods and technlques for fractionating, preserving and
storing these mat4rials, The basic mechanism of blood clotting will be
investigated, Studies will be conducted to elucidate the factors involved in
intravascular clotting and methods will be developed to promote clotiing as
wall as to0 vrevent intravascilar thrombosis. —
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into its various cemponents. These lnvestlgations are considered highly important
in order to increase the available supply of these materials by separating the
various constituents and thereby permitting longer storage and tetter preservation
of whole blood. It is particularly important to increase research efforts along
these lines in order to provide adequate blood and blood derivatlves in the event
of mass casudlties from atomic warfare, Burns and radiation injury which repre-
sent a large portion of casualties from atomic exnlosions also reguire the
liberal use of blood and blood derivatives to ecombat shock and injury to the
tlocd-forming organs incident to lonizing radiastion. Traumatie Wounds represent
a conslderable portion of the casualties which oeccur from both conventional

and atomic warfare, and hemorrhagze and intravascular clotting are important
complications of these injuries. It is therefore extremely imporitant to
investigate the basic mechanism in the processas of blood cidtting and also

to devise ways and means of preventing Intravascular thrombosis. Recent
Investigations have shown that many heretofore unrecognized factors are oper-
ative in the blood clotting mechanism and many new preparations have heen
advocated both to nromote clottling where hemorrhage is a problem and to prevent
intresascular clotting where intravascular thrombosis is a likely reaction.

It is essential that these basie mechanisms be worked out and that the new
preparationa be investigated further in order *c develop better methods for
coentrolling hemorrhages and for preventing intravascular thrombosis. Hecent
efforts have also indicated that it may be possible teo separate, preserve,

stors and later reconstitute for use, the various eslements éf blood such as

red cells, white cells and various fractions of the plasma., These important
leads must be followed and work aleng thess lines emphasized,

b. Approach: Detailed studles will be conducted on ways and means of sepa~
rating the various selements of blood and developmgt methods for preservation
and storage, and emphasig will be placed on the development of tschnlques for
the sterilization of plasma to inactivate the virus of homologous serum hepa-
titis., Investigations will alsoc be conducted on the basie mechanlsm involved
in the process of clotting.

The ultimate aim of this projeet is to provide adequate amounts of bleed
and blood derivatives which can be safely admihlstered to patlents requiring
these materiale for treatment. It is also the aim of this project to clearly
elucidate the many factors involved in the blood clotting mechanism and through
this understanding to develop methods for reducling hemorrhages and elimineting
the common eomplleation of intrawascular thrombosis,

¢. oSnbtasks:
(3) Massachusgtts Institute of Tefhnology ~ Dr. David F. Waugh

This study is designed to investigate the structire of the flbrin
c¢lot and the effect of lonlec strength, npH, etc. on this clot. Attembbs will
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be made to determine the quantitative effect of warious clot sccelerators and
iphibitors, end the modes of action of these substances,

(2) University of Southern California - Dr. irneld G, Yare

This study is directed toward the iselation, purification and dstermination
of the propertles of accelerator globulin and antithromboplastin. Attempts will
be wade to prepare both of these clotting factors from plasma in the purest
possible form.

(3) Wawyne University College of liedicine - Dr. Charles L. Schneider

Will study problems related to the initiation of bleod eceapulation with
particular reference to platelets. OSpecial attention will be given te the platelet
accelerator, the factor in platelets which influencesthe interaction of thrombin
and fibrinogen and those activities which can be regarded as being fairly aspacific.

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

This study is directed toward the isolation and purification of profibrin-
olysin, fibrinolysin and anti-fibrinolysin. Attempis wlll alsc be made to determine
the physical and chemical properties of these substances.

(5) State University of Jowa, College of Medicine - Dr. Willis M, Fowler

Will study blood heparin levels, plasma accelerator factors, bleeding
and cletting times and platelets in animals subjected to total body irradistion,
and anaphylactic shock. Bimilar determinstions will alsc bes made on patients
with various hemorrhapgle diseases and uremia.

(6) Hgrvard Medical School ~ Dr. William B. Castle

The purpcse of this study is to determine by animal apd human experiment
in vitre and in vivo the part played by hemorrhage i1tself in various aspects of
coagulation under normal and pathological conditions, Observations will be made
b vitro and in wivo on the effect of fibrinolysim on normal and sbmormal blood.

{7) Beyonne Hospital & Dispensary - Dr. Ancel U, Blaustein
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(8) Harvard Medical School - Dr, Herrman L, Blumgart

Will study the Yautocatalytic factors" in the pathogenesis of intra-
vascular cletting. The purpose of this study is to obtain under controlled con-
dibtlons, and using new precise analytical methods, quantitative data on auto-
eatalytic accelerators in the in-vivo clotting mechanism. The ready availability
of these accelerator substances in purified form permits this investigation.

{9) Pennsylvania Hospital - Dr. Jerome M. Waldron

Will imoestigate the clot acecelerating properties of orally ingeated
fat. This investigation is concefned with the relation of fat to hemostatic
mechanisms and thrombotic phenomena. In particular the anti-heparin effect of
orally ingested fats will be studied in human subjects, since bleeding in
irradietion injury cases is supposedly due to an increase in cireulating hepairin.

(10} Harvard ledical School = Dr. Benjamin Alexander

This study is aimed at the pmrification of prethrombln, thrombin and
Acglobulin, and an investigation of their properties and interaction in isolated
systems, If purification metheds prove satisfactory, the chemlcal and physio-
lozical properties of these components will be studied using radicactive iso-
topes, Also antihemophitle globulin will be assayed by two-stage prothrombin
consumption tests on hemophilic blood,

{11) Mercy Hospital, Baltimore, ld, - Dr. Charles E, Brambel

Will study various anticoagulant drugs such as dicumarol, tromexan amnd
Link compound 63 (cumopyran), and special attention will be given to drugs that
counteract the effects of these compounds, The counteracting drugs to be studied
inelude oral synthetic Vitamin K, and an intravenous Vitamin K emulsion.

(12) Presbyterian Hospital, Chicago, I}linois - Dr, John H. Olwin

. To evaluate the presently available methods and attempt to develop
new methods for measuring known (and possibly unknown) coagulation factors of
the blood, in humens, with a hope of finding some rellable meane by which
intravascudar clotting can be anticipated, This study will be done in normal
individuals, pre-and post-operatlve patients, undepgding major surgery and
obstetrical patients during the pre-and post-partum perieds,

(13) University of Virginia - Dr. Alfred Chanutin

The erfect of aging of red cells on their enzymes, and other organie
and inorgsnic constitufents, and adsorptive properties will be studied. The
effect of storage of plasma on the alpha and beta gobulin components will be
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determined, The changes in plasma proteins in the presence and absence of formed
elements and the effect of the formed elements on the specific enzymea of nlasma
will be studied, Attempts will be made to develop procedures for preventing
doterioration of red cells.

114) University of lows - Dr. Elmer L, DeGowin

Blood will be collected from normal group O donors in various preser-
vative solutiona, stored for intervals from O to 35 days, and transfused to normal
recipients of group A or B. The disappearance of donor's erythrocytes from the
circulation will be measured by amccurate differential agglutination techniques,
The kinetikér of destruction of preserved erythrocytes will be analyzed mathe~
ratically by the shape off the disappearance curves.

The respiratory rates of the preserved erythrocytes will be measured
in manometers at the time of transfusion and the results compared with in-vivo
survival,

Measurement of the net gain or defieit of the normal reciplent's erythro-
cytes will be made, employing calculations based on simultaneous counts éf total
erythrocytes and lnagglutinable cells.

In the same experiments measurements of the changes in pl&sma volume
after transfusion will be made by the calculation of teotal cell volume with cell
counta, hematoerits, and Ashby counts; these observations will be spot checked
with estimations of c¢ell mass by 532; plasma wvolume will be measured by the hema=-
toerit and cell mass and checked with the injection of T-1824.

- {15) Yale University - Dr. . H. Milstone

Will corduct studies on the 1solation of prothrombin, prothrombii.
activators and plateleta. Electrophoretic analyses wlll be made of the various
fractions and thelr purified derivatives tc detect unsuspected impurities. It
is proposed to continue the purification of prothrombin with two objectives:

1) ultimate isolation and crystallization; 2) clarification of coagulation
theory. Praogress of purification will be followsd by the electrophoretic and
solubility tests, by comparing specific activities, and by functional tests
for contamination. 4 lookout will be kept for a possible additional factar,
distinect from prothrombin, kinase and sceessory thromboplastin.
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centrifugation at 4° C, Search will be made for the optimum preservative fluids
for resuspending these cells to preserve them in storage, The viability, char-
acteristices, and elinical value of the stored cells will be determined at warious
intervals of storage by biologieal tests of the infused cells, Preservation of
whole blood and cell suspensions at high pressures (several hundred atmospheres)
and low temperatures (-30C to 150C) will be assessed. .

(17) Bryn lawr Hospital - Dr. %M. K. Strumia

(a) Considerable work has been done on the effect of leucocyte sus-
pension and extract therapy on the regeneration of bene marrow of rabbits following
depletion Yy seovere total body irradiation. In previous studies ath attempt had
been made to purify leucocyiie extracts only to find that crude preparations are
rore effective. An attempt to use these preparations lntravenoualy will be made
ipn the present course of investigation.

(b} The causes for the deterioration of the cellular elements of whole
blood 1n storage and transport will be determined by cellular, metabolic and -enzyme
studies in natural and artificial substrates., Attempts will be made to slow the
metabolic aging and destruction of blood cells to 2 minimum, by improving the
presevvative flulds and other means, such as dehydration, lower storage tempera-
tures, adjustwment to optimum pH, control of enzymatic activity, ete, Resulia
w11l be assessad by following the viability of the preserved cells jin witro and

ip viveo.

{18) Harvard Univergity - Dr. Carl W. Walter

To continue a study on preservation of human erythrocytes at <10 to
-15°C in order that current bleod banmk storage time may be prolonged, amnd event-
ually an indefinite storage perlod feor blood obtalned,

(19) Medical Research and Development Board

It is proposed to thoroughly study the currently commercially availsble
plastic blood containers [or adaptability and suitability for military medical in-
stallations. The initial phase of this study will be to test 300 plastic blood
containers from each of several commerclal houses, in each of six millitary hospitals
in Zone of Interlor, The comments and recommendationa from these hospitals will
be combined towards the development of an ideal plastic bag for military uss. The
second phase of the study will include the transportation of whole blood in plastie
bags to an overseas theater, for use in the military hospltals 1n the theater zone
of comminication,
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lhe final phase will inelude the consideration of shipments of whole blood
in plastic blood containers from the United States to an overseas theater of
operations, to medical installations in the combat zone,

An additional study iz to include the utilization of plastic bloed containers
for the collection of blood for plasma, It has been found that the use of these
light-weight bags results in a considerable savings in transportation costs, and
at the same time gives a 6-7#% greater yield of plasma per 500cc of blood,

d, ‘Other Information: None.

e. Background and/or Progress: Since December 1951, Walter has been pearching
for a better anticoapulant mirient solution for human red cells and to determine
the best technique for the long=-term survival of these cells., He has developed
a new anticoagnlant mitrient solution containing ethylensdiaminetetra-acetic acid
ag anticoagulant, dextrose and dibasic and monobaslec phospnate as tuffer. For
the preservation of red blood cells, he found, that 15% glycerol prevented
hemolysis following deep freezing and thawing.

Ravdin reported thet the optimum temperature range for the preservation of
blood to be below 4°C and ebove =0,5°C. "The simplest procedure, according to
Ravdin, for improvlng the preservation of erythrocytes invelved the use of chilled
4.0 gnf sodium eltrate, immediate chilling of B2fod, additlon of citrie acid,
storage at 0°C and removal of plasma at 36 to 48 hours. ’he optimum pH range
wag 6.,9-7.0. In the absence of added glucose cell deteriorstion accelerated
after 21 days especially in concentrated preparations.

Strumia made some interesting observations on the effect of lowered temper=-
atures of stored blood relative to bacterial comtamination. He found that when
Bacillus cereus (MMRL and BlMH strain) were added in large quantities (l.e., 1
million organisms /ml,) to whole citratcd blood and stored at 0-20C and 2-4°C
thiey failed to show any growth and a slight decliine in numbers of bacteria was
noted,

Strumia hes also done considerable work on the effect of leucocytic suspen-~
sions and extract therapy on regeneration of bone marrow following depleticn by
severe total body irradiation, His studies indlcate that rabbit plasma adminie~-
tered after irrediation has a protective effect on the mortality rate, indepdndent
af +tha Tanmanmrtacia indvnadl e tha Tanvaanotia admind atwatdnn
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. REQUIRPNENT AND/OR JUSTIPICATION

The atomic bomb, as a military source of ionizing radiatlon, requires that
practical prophylactic and therapeutic measures be developed to minimize the rum
ber of casualties which may result from the use of this weapon. In addition,
maxipum use must be made of the beneficlal features of ionizing radiation as
applied to military medicine.

a., rieg The objective of this project is to study the basle mechanism involved
in damage to living tissue resulting from ionizing radiation and to determine
the prophylaxis and treatment of radlation injury. 5Since ionizing rediation

can be used as a therapeutic or diagnostic agent relatiwve to certain diseases
which affect the body, study will be mede of the adwvantsgeous application of

I these radiations. Likewise, iconizing radiation will be studied to investigate

] it utilization in therapy and in tracer and dlagnostic studies.

b. Approach:

: (1) Biglogical Effects of Radiatiop. Previous studies have established
g that radiation damage of tissue results from energy changee in the cell or its
immediate environment. Recent observations suggest that the mechanism involved
may include changes in the molecular composition of muclear and cytoplasmic con- |
stituents, modification in the permeability of the cellular membrane, disturbancel
of endocrine function, interference with enzymatic action, and formation of 2
toxic radicals, such as peroxides, due to the irradiation of water within cells
Microscopicelly observed cellular changes after irrediation include chromatin
celumping or chromesome breaks, abnormal cellular division end mltosis, changes

| in cytoplasmic gramilarity, abnormel staining reactions and gross cellular

d changes including swelling and ¢ytolysis. 1t has been noted that changes in

J temparature, oxygen tension, acidity and alterations in the csmotic balance of

§ the cellular environment affect the radiosensitivity of certain tissues and
biological systems.

It is planned to obtain more accurate information rﬁgnrding:

JRDD 1A, 1 APR 1847
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(a) The basic mechanism of radiation imnjury.

{b) Laximum single and repeated doses of radiation which may be tolerated
with reasorable safety, correlated with physiological and c¢linical effects.

{c¢) Hazardous doses which may cause some temporary or permanent damage, in-
cluding scme casualties and possibly some deaths, but which are accept-
eble as military risks.

(@) Casuslty-producing doses which should lead to evacuation from contaminated
areag whenever possible,

(e} Toxicity of inhaled and ingested radioactive materials,

(f) Effects of irradiation as modified by other complications such as thermal
radlation, war wounds, infectious agents, and individual and group sus-

coptibility,

(g) Extent and nature of injury by ionizing radiation from electromagnetic
radiations of different wave lengths and energies and from different
corpuscnlar radiations of varying energles.

(2) Prophylaxie and Treatment of Radiation. Efforts are being intensified tc
identify a biological factor which will promote recovery from radlation injury. It

has been established that sanoxia prior to irradiaticn and maintained during the ir-
radiation pericd inereases the survival rate. It has been found that compounds such
as para-aminopropiophenone (PAPP) methemoglobinemia is effective by producing a
decrease in tissue oxygen. Likewise, such compounds a&s pitressin, eplnephrine,

and serotidnin by vasoconstrictor action and resultant anoxia provide protection.
Many sulfhydryl compounds, such as esysteine, glutathione, and BAL have been found

to increase the survivel rate, Partial body-shielding has also been effective. In
particular, significant inerease in the survival rate in animals has been cbtained
by shielding the spleen, abdomen, adrenals, extremities, liver, lungs, and head. A&
practical military application of these findings has not been accomplished.

Poet~irradiation, it has been found that antibictics of various types admin-
istered to different expsrimental animals increase both the survival time and rate,
Tranaplantation of the spleen has increased survival., Cross circulation in dogs
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(3) Utilization of Icnizing Aadiation in Theraoy end in Tracer and Diag-
nostic 3tudies. HRadioisotojes are now belng employed to supplement and occcasionally
replace x-ray and radium in the treatment of cancer and allied diseases. They may
be used externally or internally. 3tudies willl be made of therareutie value and
diagnostic nossibilities of different radiolsotopes and sources of ionlzing radia-

tion.

Because of the extreme sensitivity of detection and the unijue specificity
of radioisotopes as "tags" they are of tremendous value in identifying certain types
of cells. They permlt the study of countless processes golng on in the body which
otherwise would be obscure. Redioisotopes will be used to investigete these fund-
amental nrocesses and thereby assist in the solution of complex research problems,

c. Subtasks:

(1} Army Medical 3ervice Graduate 3chool

{a) To study the value of prophylactic snd chemotherapeutic agents
and various protective measures which will alter or minimize injury and mortallty
from whele-body or partial-body irradiation.

(b} To study the ntilization of radloisotopes in tracer and diagnostic
s rocedures.

() Army liedical Zesearch Laboratory

{a) Effects of Ionizing Radiation. The early effects of x~irradiaticn
damage &re being studied at the cellular level by meena of various histochemical
and biochemical technigques,

(b} Enzyme, Endocrine and Metabolism Studies in Total-Body Irradiation,
The alterations in the activity of various enzyme systems and in the function of
various endocrine crgans of animals receiving total-body x-irradiaticn are being
studied in an attempt to determine effective pharmacclogicsl and chemical means
of preventing the damaging offects of ionizing rediations,

{3) University of Chicago - Dr. J. Garrott Allen

Jonization Zffects. To study the effect of ionization on experimental
animals and human subjects; specifically, local injuries ineident to irradiation,
fluid balance, hemorrhage and infection following irradiation with x-rays. Observa-
tions will include pathological, physiologlcal and blochemical factors,

{4) Tulane University School of Medicine - Dr. G. E, Barch.

Potassium metabolism ag determined by raurocactive rubidium (Rb 86). These
studies will aid not only in the understanding of rubidium metabolism end rates of
turnover, but, when correlated with the simltanecus measurement of ordinary po=-
tassium, will also indicate the accuracy with whikh radiorubidium traces potassium
in the body of man. These studies will he of value in understanding the effects

SLé
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of atomic radiation on the human hbody,

(5) Hational ‘cedemy of 3clences - Dr. Vebb Haymaker

To comduet a pathological study of the central nervous system of
irradiated humans and experimentsal animals.

(6) Ohilo State University Recearch Foundation - Dr. Lilton 4. Lessler

To study the effects of low-level radiation or the nucleus, cytoplasm
and metabolism of mucleated erythrocytes.

(7} Ipiverzity of Pennsylvanias - Dr. E. P. Pendergrass

To study the biological effects of atomic irradiation in man and
animals, These studies will include the investigation on methods of action of
radiation on mammelian tiscues with particular reference to protection from the
damaging effects of atomic irradlation. The effects of a variety of anoxic and
rharmacologic agents which alter radiation sensitivity will be studied. Similar
human studies will be carried out for correlation of the protective effects of the
same drugs and agents.

(8) Cedars of Lebanon Hospital - Dr, Peter F. 3alisbury

Dogs will be exposed to standard lethal dose of radiation. “he test
animals will then be eross-transfused with normal degs, The following factors
will be varied: time interval tetween irradiation and cross transfusion, rate of
blood, amount of blood exchanged and ape of animals.

d. Other Information: None.

e. Eackground and/or Progress: At the irmy Medical Service Graduate 3chool it has

been shown that dogs receiving aureomyecin had a lower mortality -ate than untrsated
animals. It has been found that prepubertal orchiectomy was markedly protective

to mice irradiated during the pubertal or postpubertal period. The mortality rate
following irradiation of puberally castrated mice was restored to that of intact
males by administration of testosterone.

The Army lledical iesearch Laboratory found that pre=irradiation intraperitoneal
injections of serotonin in rats resulted in a sur71val rata of 97% Pretreatment

With roraapminarnnandankamesn awd 32 .t
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The Laboratory also reports that intraperitoneal injections of whole
baby rat spleen homogenat.s and whole baby mouse hompgenates showed some
protectlion from irradiation.

Allen reports that the frequent administration of fresh blood transfusions
failed teo improve the survival rate or to ameliorate spontaneous bleeding after
vhele-body x-irradiation. On the basis of his experiments, it appears that a
more canrtious attitude mist be adopted toward the use of frequent bleod trans-
fusion alone as a theraveutic measure in the treatment of the latent symptoms
of irradiation injury in man. Allen has found that dogs whose heads had been
shielded were greatly protected vhen the remainder of the body was exposed to 450 r
x-radiaticn,

Salisbury has been studying the effect of cross transfusion between normal
animals and animals exposed to lethal doses of x=-radiation. His preliminery
studies indicate that irradiation injury could be altered by a single cress
transfi:sion administered post-irradiation, indicating the existence of some
protective sibstiance or mechanism.,

f. Future Plans: Studies will contime.

g. Referenceg: FProgress reports of investigators.
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Jonization Effects

Dr. J. Garrctt Allen
University of Chilcago
Chilcago, Ill.

BRIEF, The purpose of this work is to atudy injuries incldent to irradiation,
the physlologic and blologle effects following subh Irradlation, and the development
of therapeutic methods to combat irradiation injuries,

BACKGROUND. This contract was effective 1 November 1947. The report of December
1950 gave detaila of findings on irradiated animals up to that time (exercise tolerance,
outrition, anoxia, infection, etc.). All efforta to establish that blood tranafusions
are advantageous in the treatment of radiation sickness in dogs were negative. Differ-
ences among laboratorles regarding roentgen dosages ag they relate to mortality in dogs
made 1t seem that the only basls for camparison was the aurvival rate at a given dose;
i.e., comparable survival figures for dcogs in the variocue laboratories rather than on
equal roentgen dosages in each laboratory. Fraom work on the role of infeotion in radi-
ation injury it was concluded that asepticemla csused by mlcro-organiems of enteric orl-
gin was largely responsible for the death of mice irradlated with the doses of x-ray
used (1A report, 30 June 1951). A survival of 18% was found in animals treated with
whole-blood transfusions and aurecmycin, The latest lnformation on blood transfusiona
and on the protective effeot of head shields appears under PROGRESS, below,

PROGRESS. (1 Nov. 1951 - =0 June 1952)}. 1, Protective Value of Lead Shields.
As a result of atudies on 20 dogs it waas found that: {a} Dogs whose heads had been
sh¥ded by 1/16" or 1/32" of lead were greatly protected when the remainder of their
body was exposed to 450 r x-irradiation. Thie same dose, when the head 1s not pro-
tected and the animal is given no mediocation, is unifoemly fatal here. Stated other-
wige, a shield permitting ncd more than 50 r penetration to the head and allowing
450 r exposure to the remainder of the animel, epabled 90% of the animals to recover,
whereas all thoase receiving no head ahielding died. (b) The animsls which dled deasplte
head shislding exhihited the findings characterlistic of the unprotected irradiated dogs
receiving 450 r.

2, Blood Transfusion In Irradiation Hemorrhage. Among the postlirradiatlionrfind-
ings characteristic of near-lethal (LD50-LD100) expoaures to ionizing radiation are
apontanecus abnormal bleeding and anemia, Because of the prominence of thromboayto-
penia and anemia in the abnormal bleeding syndrome of irradiation sicknesa, it ias
natural to assume that the frequent administration of fresh whole-bloed tmanafusiona
might be of conalderable therapeutic value in the control or prevention of this type




This l1s a study of the therapeutic value of blood transfusion given, without
antibdaotioy, to determine whether thim procedure will prevent lrradliation hemorrhage
and/or improve the survival rate in the x-irradiated dog. The dog was chosen because
in many respects lte response to total-body lrradiation 1s pimilar to man's. Thie
animal differe in 1 important reepect in that 1% blood types are mach leas well de-
fined. The results obtdined from transfusion alone were the reverse of those anti-

cipated.

One hundred snd seventy-three doga were expoged to single doses of total-body
x-irradiation at the following dosage levels: 175, 225, 275, 325, 375, and 450 r.
The animale were divided intc 2 groups; olle group of 101 dogs served ap controle,
and the other group of 72 wag transfused with ¢ltrated fresh whole blood 3 times
a week beginning on the U4th postirradiation day. Five ml/kg of body welght was
administered cn each day the animal was tranafused, In addition to this blood the
animal received a volume of blood equivalent to the amount withdrawn for study Just
prior tc each transfuaion, No other treatment wasa admlnlatered.

From thia study it wae concluded that the frequent administration of fresh
blood transfusions wilthout antiblotice in dogs failed to improve the survival rate
or to ameliorate spontaneous bleeding after exposures to total body x-tadlation,
¢D50-LD100). On the baals of these experiments a more cautious attltude toward
the use of frequent bloed tranefusion alone as a therapeutic measure in the treat-
ment of the latent symptams of lrradiation injury in man may be indicated. These
data do not relate in any manner to the use of blood in the treatment of shock in-
gldent to the early blast effects of an atomic burbt, or to blood needa in anoxic
anemia, where the therapeutlo lmportance of adsguate blood and plagma transfusion
is soundly established,

%. Blood Trangfuslons and Aureomycin. More recent studles on 53 irradlated
dogs lndiceated that: (a) Blood transfusions given alone 3 times a week are of no
demonstrated bensfit in doge exposed to 375 and k50 r. Animals reaeliving aureo~
mycln alone also showed no benefid at 375 r or 450 r. The possible exception of
a minimal benefit of whole blood tranafusiona comblned with aureamycin therapy astill
persiasts. (b) These data are not to be oompared with the reports of Salisbury et al,,
who obtalned scme benefit when complete exchange transfusions were performed within
a few hours after Ilrradiation exposure.

., Experiente with Transfusions of Platelet Concentrates in Dogs Receiving
450 r Total Body Irradiation. Platelets werea cocllected by exsanguinating donor dogs
4 days after a turpentine abscess was produced. Sllicone teshnigue was used through-
out and sequestriene was used as the anticoamgulant. By sedimentation and differential
centrifugation 1t wag possible to recover aspproximately 50% of the platelet from the
donor dcgs. These were prepared dally and administered as dally transfusions to 7
irradiated dogs exposed to LS50 r x-radiation. The reciplents were given the plate-
let concentrates Intravenously beginning between the Sth and 7th days and continulng w.
untll the animals' deaths. The number of platelets given wers sufficlent to ralae
the platelet count from ite thrombooytopenic level to near normal concentrationa.
In aplte of this all animdle died, ae 41d thelr controls. There wasp no incrsase in
survival time. The whole-blocd clotting time was reduced to aome sxtent following
platelet transfusions but not returned to normal. When an animal received sufficiént
platelets to return his platelet count to & normal level, the nunber of platelets
rapidly disappeared and in 2k to 36 hours the pre-existing profound thrambocytopenila
was agaln present.
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From this study it may be concluded that (a) Platelet cmncentrates can be
Blven in sufflcient quantities to return the platelet count of the irradiated dog
from his thrombocytopenic levels to normal levels. (b) The entire blood volume of
at least 2 animalg & day for each day each irradiated animal was tramsfused was re-
quired to obtain a sufficlent number of platelsis. In the case of the animal re-
celving 10 platelet tranefusiona, more than 20 denor anlmals were aacriflced for
this experiment. (c) A ureduction in the extent of hemorrhage waa obtalned by
platelet transfusions but thie in twrn had no effect upon the morbadity either
in terme of rate or In terms of survival.

5. Summary of Irradiation Studies tc Date., {a) Doea bmexk shielding of the
head of dogs by lead and then exposure to 450 r increase the survival rate and
time? Yes. Thie is the moat siriking phenomenon and may form the bapia upon which
some protection from irradiation injury may be planned. (b} Is the frequent admin-
istration of whole-blood transfusiorsbeneficial in extending the life of the dog or
in reducing the mortality from total body irradiation? No. ({g) Is aureomygin alone
and glven at intervals twice & day commencing with the day of irradistlon benefloial
in extending the 1ife of reducing the mortality rate in the 450 r and 375 r expoaed
doge? There was no evidence of a reduction in mortality rate although theres was some
svidence of a slightly incrsased survival time. (d) Is aureomycin combined with whole-
blocd transfusicns bensficial in reducing the mortality rate or in prolonging the sur-
vival tims in the I50 r or 375 r expoged dog? Three of 21 animals so treated survived
regeipt of whole-blood transfusion 3 times a week and aureomycin twice a day following
irradiation. At 450 r and without any treatment there are no survivors in aeveral
hundred controls. (e) Will platelet concentrates given in guantities sufficient to
maintaln the platelet count wiihin near normal range influence the survival rate or
the survival periocd in the 450 r dog? The answer seema to be no, although only 7
animals have been studied., Some reduction in hemorrhage was cobserved, but this had
nc influence on the survival time, (f)} Are tranefusions given 3 times & week bene-
ficlal when administered to animals which have recelved lower levels of exposure?

The answer 1s no.

6. Homologous Serum Jaundice and Ités Relation tc Methoda of Plasma Storage.
Ubaeevationg over a number of years (at Univeraity of Chicago Clinica) regarding
the danger of hepatitis fram transfused stored plaema have shown that: (a) Lyo-
philization, freezing, and refrigeration, almost exclusively employed in the pre-
gervation of plasma, are also the most suitable means available for the preserva-
tion of virus agtivity. As long as these methods are employed for the storage of
Plasma, it is imperative that pooled plasma be eterilized in some manner bhefore
such storage procedures are instltuted in order io reduce or abviate the trouble-
gome incidence cf homclogous serum Jaundice from pooled plasma,

Ib) No virus ie Jnown to survive prolonged room tempsrature in & cell-free
1iquid state without preservatlves. In the University of Chicage Clinice, where
plasma has besn stored at high room temperature for a period of 3 to 12 months be-
fore use, it appears doubtiul that any patient has contracted homologous serum
Jaundice from this plasma., Of 86% patiente here given units of pooled plasma stored
in the liquid state at 78 to 99 F. for 3 months or longer, 3 are known to have con-
traocted homologous serum Jaundice, The source of infection In theage patients seemed
more likely due to the hlood received by 2 of them or to the lyophilized plaama or
blood given the 3rd patient. None of the 212 patients here who received plaama alone
waps known to have had latent Jaundice., This plaama appears undiminished in lts nutrl-
tive value and is remarkably free of elements causing untoward reactions.
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(¢) Daring the gsems period, at least 14 and probably 16 or 1T of 6,503 patients
recelving only refrigerated whole blood transfusions manifested latent jaundice typical
of the hamologous serum Jaundice ayndrome,

REFERENCES ,
Allen, st al,, {Irradiation): Soience, May 9, 1952, Vol. 115, No 2993, p. 525-526,

Allen, J. G., Moulder, P, V., and Enerson, D. M. J., (Irrediation} J. Am. Med.
Asaoc., 145, 704 (1951). —

Allen et al., (Plaema and Eepatitis): J. Am.

al d. Asso¢., November 25, 1950, Vol,
14k, pp. 1069-107h,
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Rgdiogctive Tracer Studies

Dr, G. E, Burch
Dept. of Medicine
Tulane University
New Orleans, la.

BRIEF, the objective is to study potassium metabolism as descrlbed by radicactive

rubidinm (Rb

BACKGROUND, This contract was effective 1 June 1951. Some pertinent work under an
esarliar contract was summarized hers in December 1951 under &-~64-12-12,

Turnover studies of potassinm metabolism by means of Ap86 began last August in 2
control human subjects and 2 subjects with chronic congestive heart failure. Immediztely
after intravenous injection of the radiorubidium, rapld collections of blood apd urine
were made so that the immediate foncentration-time course in red blood cells, plasma,
and urine could be studied, Collaections were madae daily of all excreta passed and of
bloed for about 6 weeks, One additional control and 2 more chronie congestive heart
failure cases were trested by the same procedures when a new shipment of Rb™ arrived
and followed for 60 deys. Analysip of data appears under PROGRESS.

Injections of Rb86 and K42 were made similtaneously by means of the same syringe;
then samples of blood and urine were collected at a rapid rate for the 1st 2 hours and
than at longer intervals until the K42 decayed to radiocactive levels too low to permit
accurats counting. The subjects were studled for about 8 weeks until the Ab86 reached
levels in the urine and blood which were near background. Ordinary Gl, Na, and K were
measured in their blood and urine.

PHOGRESS, These experiments were aimed at comparing metabelism of potassium and
the related elemente, rubidium and cesium, in an isolated system composed of human cells,
Human whole blood wasagaintainad under simxlated physiclogic conditions in-wvitrg, and
the isotopes, K42, Rb®0, and Csl34, traced the movements of the respective elements.

It was poasible to measure the partitlion of these elements between the erythrocytes and
placzma, the speed of their tranafer across red cell membranes, and to some extent the
mechanisms of this transfer into and out of cells. Red cellas metabolized potassium and
rubidium in ldentical fashdeon, within the liwmits of measurement. Cesium, on the other
aand, although qualitatively similar to potassium and rubidium, showsd important
quantitative differences,

Other workers have shown that a 10° C rise in insulation temperaturs will more
than donbls the potassium exchange rate (E42) of red cells. Since changes in temper~
ature of this magnitude produce much smaller changea on strictly physical processen
such as diffusion across membranes, this finding indicates that chemical reactions are
involved in the tianafer of potasaium into and cut of the red cells, Theae experiments
showed that a similar process is involved 1n the transfer of rubldium and cesium,
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These findings indicate that K42, Rb86, and Csl34 are metabolized similarly by human
red cells, 3ince no difference was detected betwsen rubidium and potassium in this parti-
cular human cell, it is sugpgested that under some circumstances RbSe (T3 19.5 days) might
be used satisfactorlly to give qualitatlve and semiquantitative information about potassium
metabolism under conditiona where K42 is unsuitable because of its 12 ,A-hour half-life.

Partisl analysis of the in-vivo experiments using K42 and Rb86 sipultaneously in man
suggests that although rubidium and potassium appear to be metabolized in a similar manner
by the red blood cell, there ars differences in the specific activities of these 2 elements
in other areas, namely, the urine and blood plasma in the intact man,

Analysis of data from studies using €136 in humans indicated that there exist dis-
crepancles between the chloride space determined by the lasotope dilutlon wethod and thoase
which may "actually" exlat. Thesa differences are conceivablp due to the sequesiration of
tracer in compartments which are not fully exchanging with the sampled compartment, The
discrepancles in space determinetion lead to similar discrepancies in the determination of
the "total® bedy electrolyte by the same method, The numerous variations which may occur
among the compartments of the tracer, non-tracer, and wmatser have been dswcribed.

FUTURE, Studles on red cells are continuing, using 6136 to compars chloride behavior
with Rb36, K42, and Na22,

REFERSNCES:  Burch, G. E. g% al., "Estimation of the Time of Equilibrium of
Pistribution of Long-life Radiochlorlde and Radiosodium in Man with and without Congestirve
Heart Failure," Agta Hed. Scand, 142:329-341, 1952.
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Apalysls of Indirect Effect of Radiation

Dr. Peter F. Salisbury
Cedars of Lebanon Hosplial
Los Angeles, California

BRIEF. The aim of this study is to determine the effest of crose-tranafusion
between normal animals and animals exposed to léthal doses of irradiation,

BACKGROUND. 'This contract was effective 1 February 1952, The results reported
appear under PROBRESS.

PROGRESS. Preliminary studies in this laboratory indicated that irradiation
injury, aa measured by the clinicel condition, the hemogram and mortality, could be
altered by & slngle gross-tranefusion procedure administered after 1rradiation.

Control Sthdies, Twenty-fiwe selected aduli mongrels exposed to L450r total
body irradiation showed a mortality of 95% in a 30-day period.

Crose-Transfusion Experiments. Twenty-two dogs cross-trensfused within 4 hours
after irradiation showed a mortality of 27%, asscclated with improvement in the olini-
cel state of the animals {incrsased physical activity, better food consumption), im-
provement in the hematologic pleture, and a conspicuous reduction of hemorrhagic and
infectious manifestations. The results are further evidence of the existence of a
protective effect of croas-tranafusion in radlatlon disease.

Studies of the Nature of the Protective Substance. In order ito determine the
nature of the subatance (s) responsible for the protective effect it is neceasary to
determine whether this effect ls linked to the transfer of cellular elements which

" oocurs during & ¢ross-tranafusion prosedure, In order te separate cellular from

humeral factors, cross-dlalysis - the dialysis of blood against blood -~ 1s consldered
a logical experimental procedure, If the protective effect 1s found not only after
croes-transfuslion but also after cross-dlalysia it would then be assumed that the
protective principle is a molecule which can diffuse through a cellophane membrane.,
Such a finding would be all the more Important beceuse 1t would make 1t easler to
{sclate and identify the protectlive substance, Blood, as distinet from the apleen

or the bone marrow of mice, is available in large quantitles as a raw material from
which: trace moleculeas may be isclated.

When & crosa-dialysen vere performed on irradiated dogs a suggestive proteotlve
effect wan obaerved in some inatances. Infuslons of dlalysate from normal doge into
irradiated animals were also done! the resulta were inconclusive and not etatistically
algnificant, It was declded that, before further sxperiments are performed, a more
effective dialyser must be obtained and the available equipment perfected.

The need for a more effective dialyser is explained by theoretical econsiderations.
The protective substance may well he a relatively large molecular weight. A large mole-
cule will migrate through a cellophane membrane at a very amall rate, If such a hypo-
thetical molecule 18 to be transferrad from the blocd of a donor, where 1t 1s pregent
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in minute amounts, to the blcecd of the test animal, where it may have been destroyed
by ionlzing radiation, very prolonged contact of the blood with a very large membranse
area vlll be required for the melecule to be transmitted in sufficient amounts; hence
the need for a dlalyeer with a very large cellophane area and other special character-
igtice., A device now avdilable is considered very adequate for oposa-dislysis; this
machine has a maximum cellophane surface of 42,000 aq om and a maxirmm blood flow of

400 cc per minute.

Hemorrhagic phenomena are responslble for a large proportlon of the morbidity
and mortality of lrrediatad mammals. At present cross~dialysis can be performed only
in heparinized animals, It seems particularly inappropriate to treat irradiated ani-
mals with enticoagulanis, because this may increase the incidence and severity of
hemorrhagic phenomena due to radiation disemse, Therefore, 1t would seem desirable
to Invent and develop means of cross-dialysis which would chviate heparinization of th
the experimental animal, Equipment was made to heparinize blocd as it 1a withdrawn
from a dog in a canmula, and to neutralize the heparin in the withdrawn blood before
this ia returned to the animal body. This equipment, etill in the developmental
atages, is ready for 1nitial testing.

Croaa-daglysia vap developed to exclude the role of formed elements in the
causation of protectlive effect, In a multiple-layer type dlalyser oocasional leaks
occur between the 2 compartments, which transfer small numbers of cells beiween the
compartments and thereby vitiate the experiment. These leaks are detected easlly
vhen 1 compartment {a filled with blood and the other with dialyzing solutlon, but not
when both compartmente are filled with blood. A method for the instantaneous detsectlon
of small leake between the 2 compartments i1s needed. A tracer aubstance such as Evang
Blue (T 1814) can be injected into the donor animal, and a monitoring device, such aa
a photoelectric unit sensitive to blue light, will detect the dye in the blood ciroult
of the Ilrradiated animal., The design and availability of thia equipment have been con-

pidered.

Cross-trangfusion exerts a protective effeoct, yet there ie & certain mortality
in irradiat#d dogs treated with this prooedure. Crosa-transfusion with the awailable
blood pumps is considersed tc destroy a small percentage of the plateleta and leuko-
cytes in the blood. Would an improved cross-transfusion pump, which does not need
heparin and which doss not deptroy formed elemente, improve the mortality ratic? In
order to anawer this question it 1e necessary to have lmproved equipment for crose-
transfuaion and for blood pumping in general. In such equipment now under construction
blood comes Iin contact only with plastlc material, The blecd cirouits will be shorten-
ed by about 70%, the pumping action will be gentle and smooth, and the measurement of
the traneferred volumes will be as preclse 28 in the present machine. It is expected
that the new croge-~transfusion device will not only be non-hemouytlc but also will not
destroy significant numbers of platelets ar leukocytes.

FUTURE. DBefore the new apparatus can be uged in cross-dlalysis 1t must be tested
for mechanical performance, c¢learance, and for ite influence on the blood pressures of
normal degs wheose blocod will be papged through the 2 gcompartments. It will be ready for
use only when it has been found free froam undesirable aide effects, such as hypotenslve
or febrile reactions, When the procedure for cross-dallysip ls developed and standardized,
the device for extracorporeal heparinization will be used 1ln canjunction with 1t, Improved
croga-transfuslon devices will be used as soon ag they are ready.
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Effects of Irradlation

Axrmy Msdical Ressarch Laboratory
Fort Knox, Kentucky

Early Effecta of Ionizling Radiation

'BRIEF. The aim of this work is to study the lst effects of x-irradiation
damage at the cellunlar level by various histochemical and vital-staining techni-
quos, and to correlate these resulta with findings on total-bddy irradiation.

BACKGROUND AND PROGRESS. Protecstion., Cystelne has been shown to influence
the effects of x-raya on nuclelc-acid metabolism. The inhibiting effect of x-rays
on nucleic-acid formatlion is restrioted to some degres in the cystelne-treated ani-

mals.

The poseible proteciive effects of ferritin and reticulose are belng studied,

Cobalt-protection studies were contlnued,with particular attention given to
methods of adminlstratlon, Influence of time intervals, etc.

Tetrazolium saltis, whiibh proteot when glven before lrradiation, were further
investigated to determine whethesr any speoific vital organ was involved., Llver
atudies have so far shown no alieration in enzymic activity.

The implantation of whole rat apleen Into rats after irradlation affordesd no
protection but the intraperitoneal injection of whole baby rat homogsnate Into rats
after belng irradiated (880r) afforded aome protecticn as Judged by survival times.
Whole mouse embryo homogenate gave no protecticn but wheole baby mouse homogenate
showed some little protsction.

Effect of Irradistion on Mitotic Asctivity. The affecta of soft and hard x-raya
on the structural changes in the gornea of the rat were studled. The effects on
mitosis previocusly reported Were not altersd by using rate of different ages or
gtrains nor by shielding verious parte of the body. BAL afforded no protection,
while cyateine gave slight protection.

Combination of Ionizing Reddation and Thermal Burna. Mice treated wlth combl-
nationa of thermal burne and x-irradiation died earlier and in greatsr numbers than

thoae receiving x-irradiation only.

FUTURE. Experimente wita ccbalt will be cont! ued and extended., Farritin
and reticulose studies will be done in cawbination with blood studies in an attempt
to shed light on the question of whether a humoral or a ¢ :llular Ffaotor is responsible
for the effects noted with tissue homogenates. The tetraz.lea will be studied, 1f
posalble, miskpohemically on a c¢ellular level,

The early effecta on the mitotic changss in the rat cornea will be correlated
with dosage levels and various chemical proteciling agents.
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The method of Pelc (radicautographs of single cells with Pzp) will be applied
to speclal Irradiation problems on cells, to determine the interrslation of chemlcal
and morphologle changes; i.,e,, the Feulgen reaction,

Studies on long-pericd, low-intensity, total-body irradiation were begun and
will continue for 12 or more months.

Effect of Irradiation on Single Cell Organiems

BRIEF, Studies are beling made on unicellunlar organisms in order to obtain an
uncomplicated pleture of cell damage and possible adaptatlon to irradlation and other
streapea.

BACEGROUND AND FROGRESS. Extension of investigations on the effect of irradi-
ation on single-celled organisms led to the followlng cbaervaticna.

Heavy dosea of ultraviolet light caused a stimilation of the endogencus meta-
bolism, as measured by the rate of methylene blue reduction, in yeast cells (Sac-
charomyces cereviglae)., There are indications that the extent of this stimulation
18 & fumotion not only of cell age but also of the carbon source used for cell growth,
The ability to stimulate endogenous metabolism has been shown not to be confined to
ultraviolet 1light alone. Heavy doses of soft x-rays (250,000 r} on intact yeast cells,
far from inhiblting methylene blue reduction, actually produced a manifold stimulation
of the endogenous mstabclism,

Ultraviolet 1lrradlation of an 1solated crystalline enzyme, alcohol dehydrogenase,
containing oxidizable sulfhydryl groupas, resulted in a rapid inactivation, Irradiation
of the enzyme with viasible light after exposure to ultraviolet resulted in further in-
activation, In conirast to the purified alechol dehydrogenase, this enzyme when in the
intact yeast cell suffered no significant loas of activity after irradiation with ultra-
violet 1ight.

FUTUEE. An investigation inte the nature of the endogencus material which is
being oxidized afibr ultraviolst and x-irradlatlion is contemplated.

Enzyme, Endocrine, and Metaboliasm in Totsl-Body Irradlation

BRIEF. The alterations In the activity of various enzyme systems and in the
function of wvariocus endocrine organs of animals receiving total-gedy x-irradiation
are being studied to determine sffective pharmacologic and chemicel means of pre-
venting the damaging effects of icnizing radietions.

BACKGROUND, Studiea on the biochemical changes in various organs and tissces
produced by total-body x-irradiation were reported in the lagt 3 lagues.
Corrolation Lotween Tissue vxvyien [ougd and intion Sic .
PROGRESS, a Rata vwere pubjected to a dosage o O v, glving a 20-day survival
rete of 10-14%. Serotondn (S-hydroxytryptamine), at a doge level of 4 mg/kg body weight
injected S minutes befove expopure, produced little if any protection, but 20 mg/ke
given at the samo inierval prior to exposure produced a ptriking protective effact,
as indicatad by o aurvival rate of 97%.

X - - - ! .
Pre-troptmond v worsamineproplochancons in dieses of 37 and L6 nedie 57 omiotes
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before x-ray exposure, producing methemoglobin levels of 7O to 784, resulted in
28-day survival ratea of 94 and 97%, respectively. Pre-treatment with pare-amino-
propiophenone at & dose level of 6 mg/kg or with sodium nitréte 60 mg/kg, producing
methemoglobin levels of 52 to 56%, resulted in 2B-day survival rates of 47 and ¥,
respectively.

The protective effect elicited by serctonin (20 mg/kg) 1l assumed to result
#rom the vagoconstrliotor property of this agent, cauaing a transient tissue ancxila
in a menner similar to that of epinephrine (Gray, et al., Proc. Soc. Exp. Biol. &

$d., 79: 384, 1952).

The protective effect of methemoglcbinemla at certain concentrations probably
lg caused by & decreased supply of oxygen to the tissues which rendera them anoxic.

The findings on the protective action of eerotenin and para-aminoproplophencne
againet radiation seem to substantlate the concept of a relationahip bhetween tissue
oxygen tenslon and radiosensitivity.

FUTURE. Thils subtasgk will be terminated as such and studies on protection
continued under the lst subtask, Early Effects of Tonizing Radiation.

REFERENCE., “Protective Effect of Pltreassin and of Eplnephrine Against Total
Body X-Irradiation,” Proc. Soc. Expt'l Biol., & Med., 79, 384, 1952,(taken from AMRL
Repcert No, 64, 10 Sept,, 19517,

Quantitative Studies on the Effects of Non-Ionizing
Radiation on the Skin

ERIEF, quantitative studies of the spectral reflectance of the skin are being
made in order to evaluate the effects of ultravioleit radistion in producing erythemas
and tans, and to determine the ultraviclet abaorptlon by the sekin,

BACKGROUND AND PROGRESS, Summaries on the gpectral relleclsznce §f wihite and
Negro ekin Letween 440 -.and 1000 mp and on the absorption of huma. skin hetween Liu
and 1000 wp for black body radiatlon at various color teuperaturvi vere given in vuas
1951, The effects of ultraviolet rediation on certain anldno asliu YWere raported last
guarter.

Follection of additional reflectance data on white and Heoow ohin (pule oo Tu-
male}, in order to sstablish a uniform statistical bsais Ffurr che v OlGrE .
the 2 gexea, wlll be contlinued 1n Seplembsr in order Lo obilalin .iwd slugarable o

these already collected wilth regard tc the seasonal factor.



white rats will develop a bllater with resulting scar formation. The minimm
energy necessary to produce these effects at 300 mu was dotermined. Other wave
lengthe were tried,

FUTURE. Theoretlcal study will be undertaken to determine whether a method
developed in 1931 by Kubelka end Munk can be applied to establish a gquantitative
relation between the concentration of the plgment and the reswiting skin color.
More data in the 1,000 to 1,360 mp range will be collected to extend the knowledge
of the reflectlion and abscorptlon properties of the pkin under varled plgmentaticna.

Irradistion experiments with known amounts of energy and measurements of the
resulting skin color changeas and of thelr time course will be begun., Studles on
melanin will be continued. Animal experiments will be made to Investigate factors
guch as blood circulatlon, ccld, heat, etc., which influence the UV erythema and tar

REFERENCE. "Spectral Reflectance of White and Nsgro Skin Between 440 and 100¢
mn,” J, Applied Phyeiol., 4;800, 1952 (taken frcm AMRL Report 6-64-12-08-(2), 1 May
1951} .

Biophyslecal Study of Burns

BRIEF. Spectral reflectance studies are beling extended to include the near
ultraviolet and the iInfrared radlations in order to evaluate time-intenality re-
lations to the degres of skin damage.

BACKGRCUND AND FROGRESS. A eemi-quantitative reflectance siudy was made of
enimal gkin beforse and for 3 to 5 daye following exposure to thermeal energy, by
meana of the G.E, recording apsctrophotometer.

The production of an erythema, with a resulting blanching of the gkin surface,
involves an increase of the reflectance values throughout the range L0O to 700 m;
however, when charring of the akin surface ccours a decrease ln the akin reflectance
values regults. An increase in the exposure temperature from 230 to 300° C. has a
greater influence on the color of normal guines plg and rabblit skin than does an in-
crease in the time of exposure from 5 to 10 seconds, At temperatures of 230° C. and
above, with exposure time of from 5 to 10 seconda, a charring of the skin surface
results, The use of depllated animals was found to be Justified since no differ-
ence could be found apectrophotometrioally in the skin colors of furry and haiiless

mice,

FUTURE, The inatrumentation will be perfected according to experience gathere
from the Naval Radiological Defense Laboratory, San Franoiasco, and then recallibrated
with the thermocouple regently calibrated at the National Bureau of Standards. An
improved shutter ls under construction. Heat ervthema and burn experiments under
controlled conditions will be undertaken.
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Ionlzation Effects

Army Med Sv Gred School
Walter Reed Army Medical Center
Washington, b. C.

BRIEF. The obJective 1n the 1st 2 groups of tests described is to explore
dlagnoatic and therapeutlic uses of radioisotopes.

1. 1131
BACKGROUND AND PROGRESS. Clinical Use of I131l, From 1 April to 20 June 1952

144 patients have been studled using 1 or more of a baettery of diagnostic procedures
following the oral administration of a tracer dose of radiclodine,

Three-day Slopes. Serial determinations of I131 uptake have been made during
the past year in 175 patients, observations ha¥ing been made at 24, 48 and 72 hours
following administration., This was undertaken in order to aspess the rapldity of
releage of newly formed thyroid hormone in a variety of chemlcal conditions. In
thyrolidal states in which release_of newly formed hormone is acoelsrated, it 1s to
be expected that the curve of I131 uptake will turn downwards at a relatively early
interval., Where release ia aslow the tlme at which the curve turna downward should
be delayed. Normal thypold function should show curves which lie intermediate be-
tween these 2 extremeas. Measurement on 3 successive days permlts definition of the
time interval required for release of radiocactive hormone from the thgvold gland to
exceed new formation, of radiocastive hormone. Apbalysis of the data reveals that in
the patienta in wvhom the release of thyrold hormone would empirically be expected
to be accelerated the values at 24, 48, and 72 hours shov a progressive decline. In
normals the pattern has been 1 of elther a continuous inecrease during the Z-day period
or an increase 1n the lat 2 days with a turn downwards in the >rd day. The poasibllity
that the differences beiween these 2 types of normal curves may represent normal response
of the thvenid oland tn ahangea in anvdirammental temneratura ta helne Inveaaticated .




gerial study of thyroid hormone metabollsm in single patients. It also made it
posaible to investigate the state In which thyrold hormone ie tranaported in the
blood. Ultracentrifugal studies have bheen carried out, as well as studies of the
radioactive hormone content of verious eerum proteln fractions., These studlea re-
veal that the dlgtrlbution of iodlne bearing moletles between the protein fractions
of the serum is nonspecific,

Time-Concentration Curves., Radlcsotlive thyroxine determinatlona have been
carried out for a prolonged perlod following adminlstration of therapeutlc amounts
of this 1sotope in 8 patients suffering from hyperthyroidism or thyroidal carcinoms.
Twe dletinet typee of curves have been noted. The patients recelving masslve dcoses
of radioactive iodine have displayed & progressive rise in the serum concentration
of radloactive hormone for about 2 weeks following adminletration then a vor; «
very shayp and sudden incresse., The peak of this Increase was followed by a fall ir
the gerum concentratlion of radiothyroxine, producing an exponential type of decline,
It is bellevdd that the sudden rapid rise in radiothyroxine concentration repreaente
the temporary or permanent deatruction of the thyroid follicle with release of store
radicactive hormone and the subtseguent exponentiel fall represented the time exponer
ial dleasppearance rate of this released radlcactive hormone, under conditions in whi
a physlologic demege to thyreld tliasue prevented other further reductlon and releasc
of tagged hormone. The 2nd pattern has been observed in patlents recelving small dc
of radloactive iodine, and conalstis of a gradual rise In serum concentration of rad]
active hormone followed by & plateau of varying duration and a greduwal decline, Thi
pattern 1s bellieved to be the resuli of continued although diminishing funetion of
thyroid gland superimposed upon the utilizatlon rate of radioactlive hormone from the

bloocd.

Thyroldltls. During the past year 3 patients with the rare dlsease of acuie «
subacute thyreclditis have heen studled, utilizing the modalitiea developed 1n this
oratory, Thils dlseaas presents a puzzling picture in that patients offer no e¢linlet
evidence of hypothyroidism and in fact may cliniecally and by laboratory tests be mi:
hyperthyroid and yet take up little or nc radiocactive lodine., Accumulation gradient
performed in these % patlienta reveal that the thyrold is indeed napable of accumulal
radioactive lodine, but not of holding the accurmulated iodine within the glapd, so
by 24 hours the accumilated lcdine hag virtually all left the glend, Twenty-four-he
uptake ie therefore subnormal. Simultanecus measurements of the serum radilocactive !
mone reveal that radloastive hormone ia béing formed btut is not being stored within
gland. It would therefore appear that the physiologlc abneormallty in this disease ;3
pults from inability of the thyroid gland to retmm thyroid hormone. Thias theery o
related well with the histologle ploture of thyrolditis in which dissolution of fol:
lar walls and phagocytosis of extrafollicular eolloid is seen.

Three cages of toxoid hyperthyroidism have been treated with rediocactive iodl
One case of adenocarclnoma of the thyrold has been treated with a therapeutic dose.

The Chemical Nature of the Thyroidal "Todide Trap". The thyroid gland ie die
gulshed by its unusual and as-gbt-unexplained capacity to concentrate lodide lon fr
the gerum and achieve an interthyroldal concentration of icdide which often excseds
the gerum lodide soncentration. Thia icdlde haa been demonstrated present in & forr
which is freely dialyzable and potentiometlrleally indistingulshable from lodide lon
The chemical mechanism wnderlying this remnrkable concentrating capacity ie viriuasl
unknovwn, This test 16 desligned to elusidate Lhls mechanlem and to determine whetho
other chemigal agents are gapable of acting similarly. Bormal rats maintained on a
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dlet containing propylthiouracil are the test animala, The propylthicuraecil iso-

lates the lodide-concentrating step of thyroidal hormene biosynthesis. When radlo-
active lodide 1s administered, the only form found in the thyroid gland of emoch rats

ig inorganic lodide, and simultanscus measurement of the bleood and thyrold lodide
permits the calculation of the concentrating capacity of the gland. Utllizing thie
test, various chemlcals have heen assayed for their ability to alter the concentra-
ting capacity of the thyroid gland for 1odlde. Those chosen have been used because

of their oxidative or reductive nature, To the present time 2 agents have bheen found
which reproduce the action of thlocyanate ion - sodium perchlorate and sodium chlorats,
both oxldizing agenta. Repeated tesis bave shown that their effect 18 reproducible and
time-versus-effect curves have eatablished thelr duration of action, The data obtained
suggenst that these agents act by virtmeof thelir capaclty as oxidlzing egents and that
the concentrating capacity for lodide of the thyrold gland is dependent upon the main-
tenance of an intact redox potential within the gland.

Quantitative Aapects and Locus of Peripheral Action of Thyrold Hormone. A com-
pletely myxedematous animal hag no clroulating thyrold hormone. It has alao been shown
that the oxygen utilirzation of either intact myxedesmatous animals or their isolated
tisaues are reduced from normal. If radloactive thyroxine of nown specifilc activity
be injected into such animals, and the amount of hormone taken up by a single tlsamue
be détermined , the absolute amount of hormone uptake by the tiseue can be determined.
The injection of thyroid hormcne results In an inoreased oxygen uptake by the lsolated
tipsues of myxedematous animals, If both the hormone accumulatlon by an isclated
tipaue and ita influence on oxldative metaboliam of the tissue de almultaneously deter-
mined, a quantitative relationahlp can be drawn between the two.

Work is being carried out in rats, uaing the paired hemidlaphragms for the 2
determinations. The oXygen uptake of the dlaphragm of both normal and myxedematous
rats has been defined, Actuasl aimultaneous measpurements of hormone uptake and iis
influence on oxygen uptake ff myxedematous rat diaphragms will be made,

A latent period is seen before the action of thyroid hormone on oxygen uptake
occurs, although the hormone combinea quickly with peripheral tlesuea. The courae
of this latent perlod will be inveatigated by means of differential sentrifugation
of homogenized dlaphragm in which hormone uptake has occurred. An attempt will be
made to correlate the time of onaet of hormonal action with the intracellular locus
of the hormeone.

Anion Concentration Mechanisme The initlal stage in thyrold aynthesis 18 the
accumilation or trapping of lodide agrinat & concentration gradient. Thus Inorganic
licdlde ia concentrated within the thyrold gland prior to oxildatleon of icdide to icdine
and thyreld hormone formation, It has been hard to dissoclate the concentrating and
organic blnding prooeas within the gland except by pharmacclogic means., It was anti-
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agents oan suppress the S/P ratio to below 10 but never to unity. Significantly
these are the agents which also wash out lcdide from the thyroid lodide trap.
fdminietration of TSH depresmses the sallvary-concentrating capsclty for lodine,
Whether this 1s a primary effect upon the salivary transport mechanlsm for iodide
or secondary to alteratlions in blood halide interrelationships remalns to be sluoi-
dated.

Acute ddsruption of the salivary anion tranaport metaboliem will be attempted
in humens by pharmacclogic means. A single experiment in the rat revealed that the
abllity of the stomach to ¢oncentrate lodine ccould be depressed by administering TSH,
Eowever this method 1s technically more difficult than the salivery apmroach.

Quantitative Studles of Thyroidal Dynamice. The bilosyntheals of thyrold hor-
mone occurs in 2 stages: lgt the concentration by the thyrold gland of inorganice
lodlde from the serum, and 2nd the oxldation of ifodide to iodine and its binding
to protein.

A Beriep of equations have been developed which make 1t poesible ¥y means of
the adminlstration of radioactive lodine intravenously, followed by the determination
of accumulation gmadient over the next 3 howrs and the analyele of blood 1odide activit
t0 determines the absolute level of the concentration gradient of the human thyrold glan
for iodlde, and the absolute rate of converslion of thyroidal iodide to organically-boun
hormone. The latter function has never bhefore been evaluated gquantitatively in animals
pr man. The relaticnship between the 2 has not before bheen evaluated, maa the only pre-
vious method of dstermining the concentration gradient was by the administration of
propylthiouracil, which blocks hormone formation. Thia iteelf may alter the concen-
trating capacity of the thyrold for icdide.

Thirty patients have been studied, utllizing this technique, Normal valuea are
being defined. Both hypothyroid and hyperthyroid patiente have been atudied, and alsc
patients recelving TSH, propylthlouracil, and lodide. Preliminary data Indicated a
good correlation of the derived conatants with clinical state, Utilizing theae equa-
tions it 1s mlao posalble to caleculate thyroidal plamma-lcdldes oclearances, thyroldal
body-iodids twr nover times and iodide distribution space. Valuea for the latter fund-
tionms agres well with thoge obtained by other investigators utilizing other methods.

A greater number of normal and digeased patients will be studied. When normal
and abnormal values have heen defined, the method will bé used to determine the locus
of action ot various hormonal and medicinal agents which affect the thyrcid. In additl
for the lat time quantitative assessment of the potenoy of antithyrold agents can be ma

Peripheral Utilirzation of Thyroid Hormone. Thie experiment utilized an in-vliro
ayatem to study the rate of uptake of thyroid hormone by the isolated rat d.ia.phragn I
initial experiments to agcertain whether a definite uptake of hormone ocours when dia-
phragmatic tiessue is Incubated with radloactive thyroxine of imown specific activity,
definits binpingof hormone was cobasrved, Bound hormone oould not be removed by ropeated
washings. Control experiments with radiocective ilnorganic iodide revealed no such 1r-
reversible union.

Initial atudies done in normal rata and in rats made myxédematous with propyl-
thiouracil showed that the abaclute amount of hormome uptake in both groups was direoctl;
proportional to the thyroxine concentration in the incubating medium, and was squal in
magnitude in doth groups.
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This preparation will be utllized as a meana of atudying the effect of varlous
hormonal and envirommental influences on the uptake of thyroild hormone by peripheral
tissue., The rate of uptake may represent the rate of peripheral utilization of this

hormone ,

The Extrathyroidal Synthesla of Thyrold Hormone. Siudies in 12 euthyrold in-

_ dividuale have demonstrated that butanocl-extractable 1131 fraction can be elevated

by the administration ©f exogencus TSH, Attempts have been made to dlssoclate this
rise from the thyroidal effecta of TSH by studying the effects of TSH in 6 patients
with postoperative hypothyroldism or hypothryoldism secondary to I121 ablation of
the thyroid gland. In each of these TSH slevated the I131l butanol-extractible frac-
tion without altering the uptake of radiocactive iodine over the neck. Absence of
demonstrable augmentation of thyroid function in these subjeots would suggest an
extrathyroidal foocus of TSH action, These results are in marked contrast to those
observed in Z2patients with primary myxedema, Here adminiatration of TSH did not
augment the plasma levsl of butanol-extractable I131,

Iwelve rats have been thyroidectomized by graded doses of I131. The sstablish-
ment of complete myxedema 1s awalted.

The Effect of Hormonal and Pharmacologlc Agents upon the Aplility of tne Thyrold
Gland of Rates to Concentrate Inorganic Jodide. This study was undertaken in order to
determine the factors which conircl the capacity of the thyrold gland to concentrate
inorganic iodide. Thie function was isolated from the subssquent stage of hormone
funotion by the adminiastration of propylthiouracil.

Intact animals receiving propylthiouracil were studied. The concentrating
capaoity for inorganic lodide of the thyroid gland was found to be 200-250 times
the concentration in the serum. Subsequent groupa of animils were gliven varying
doses of thyroxine in order to suppress endogenous thyrotrople (TSH) secretion.
In these animals the concentrating capasity for icdine (concentration gradient)
waa markedly reduced from that of the previous group. Adminiatration of exogen-
ous TSH reastored the concentration gradient of thyroxine-treatod animls toward
that of animals not receiving thyroxine.

Simiiar atudies were then done in ebout 250 hypophysectomized mice, also glven
propylthiouracll., The concentration gradient fer iodlde was only 1/20 that of intact
animals similarly treated, The administration of exogenous TSH increased the concen-
tration gradient to the lavel found in intact animals. A graded response of the con-
centration gradient was cbtained by graded doses of TSH. The response to T8 H was ex-
tremely sensitive, minimal responses being obitained with .04 mg. of hormone. The con-
comltant administration of thyroxine reduced the responase of hypophysectamized aniimala
to exogenous TSH, and also reduced even further the already low level of the concen-
tration aradient in hvoponhvasctomirad animils not receiving TSH.,



Next the Influence of 1ncreasing serum inorganic iodide concentrations on
the concentration gradient was studied. Large doses of lodlde reduced the con-
centratlon gradlent of hypophysectomized anlmals, either untreated or treated
with TGH, Larger smounts of lodlde were required to suppress the gradlent in
animale glven TGH than in those not so ireated.

An experiment is under way in which the influence of cortiasone on the aon-
centratlion gradient of hypophysectomized, propylthicuracll-treated animale will
be determined. It can thus be ascertained whether the direct Inhibitory effect
of cortlsone on the thyroid gland occurs via an action upon the concentration of
icdide or on its conversion to hormonal lodine,

ir, P32

Clinical Use of P32 | Three patients with metastatic carcimoma of the breast
have VLéén treated with divided oral doses of P32, Results in 2 were moderate to
good relief from pain. One of these cases who had large cutaneous leslcna at the
pite of purgery showed a marked decreaee in the aize of these lesions. The 3rd
regponded poorly and therapy was stopped after 7.8 me. orally to switch to ir-
radlation. One patlent 1s under therapy.

P>2 RBC volumes continue 4o be run on a routine basis, using the liguid
counting tubes,

A serles of polycythemia wera cases have been controlled suceessfully with P3¢
Susceptible, wideggread lymphosarcoma cases have been treated with P32 with fair ten
orary restlts, P-< proved useful in determining RBC volume using & modification of
the Reeve-Veall technique,

Effects of Antlblotice on Rediation Spndrome

BHIEF. The purpose 1s tc study the effects of lonizatlon on animala and human
gubJects, using antibiotice in therapy.

BACKGROUND, Sixteen dogs were irradiated with 300 r at 250 KV, 30 MA, using
1 mm of aluminum plue 0.5 mm copper added filtration. They:were dlvlded Into 2 con-
trole receiving no medication and 7 receiving aureomycin. A 784 mortality was seen
in the controls.at the end of 37 days and a 1% mortality in the treated animals.
It bes been noted that dogs receiving medication live on the average of 2-4 daya
longer than the control group.

TROGRESS. A peries of dogs were exposed to an LDBp dose of irradlation uaing
250 KV 20 MA with added flltration of 1 mm. aluminum and 0.5 mm. copper. The dogse
vwere exposed a half of the dose to each aide. One-half had been dehydrated for 3
days lmmediately prior to radiation. The results following a *0-dey observation
period showed no difference In the mortality rates of the 2 groups.

Tlasue Response %o Radlation

BRIEF., These experiments are deslgned to study the effects of lonlzation on
566
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BACKGK(UNL AND PROGRESS. Normal water, fat and nltrogen sontent of normal
merrow has been determined. Alterations of lean marrow mass as a function of age,
pex, and wirr v site have been studied in 10 rabbits. Duplicate Kleldahl nitrogena
on &1l prejarstiocns have shown an overall chéck of 1,21%. Eleven experiments have
been compicted on the in-yitro respilration of normal rebbit marrovw and Qpp (N) values

have showr. Talr uniformity in this regard, Rate curves have been for the most part
linear.

In view of some variablility of marrow resplration from animal to animpl and
of a rather unique opportunity to work with 2 straine of E. gril having eomewhat
different blochemical characteristics comparison of effects of UV and x-ray lrradi-
ation on these bacterla has been undertaken in an attempt to localize bicchemical

gites of action of irradlation.

Ten experimenta of the dose-survival curve type indicnted that the 2 stiralns
have markedly different susceptibilities to UV 1rradiation. Several experiments on
x-ray sensltivity yielded ¢onfllcting results and require further investigation.
This attack at present would seem productive of resulta subjlect Lo fewer variables
and ia teshnically more fessible than the intact animal Irrsdlation studies, The
latter will be continued when the bacterial experiments have pointed up the more
likely sites of biochemical interference.

! Radiation Mortality in Mice in the Neonatal Perlod

i BRIEF, Mice .re being irradlated with the chject of discovering factors af-
' fecting radiation mortality in the neonatal period; influence of weaning, age, welght,

aeX, and endecrine patterns.

| JACKGRUUND AND PROGRESS, Factora Affecting Radiation Mortality in Mice in the

' Necnatal Period « Influence of Weaning, age, Welght, Sex, and Endocrine Patterns.

Studies were done in approximately 1200 mice relative to the influence of such factors

intrinsic to the irrediated, but otherwlse untreated, animal on radiation mortality,

It hes been found that {rradiation deaths are negligible in mice irradiated befors

approximately #1 days of age, increase to a peak 1ln animals Irradiated at 30 days,

the approximate time of puberty and thereafter gradually decrease. VWeaning of mice

at 21 days rather than the usual 30 days deleterdously Influences thelr subsequent

course, as indicated by both mortality and growth rates., Males are more gensitive

than females to the toxic effects of x-lrradiatlion, as indicated by both postlrradi-

| ation growth and mortality ratem, the ratloc of deaths in males to females beling 2.3/1

; in animale irradiated postpubertally. No such sex difference was noted in animala 1r-

! radiated prior to puberty. Ae compared to sham operation, prepubertal orchiectomy wae

' merkedly protective to mice irradiated during the pubertal or postpubertal perlod. The
mentallty rate following irradlation of prepubertally casirated mice was restored to that

B R S, My




and are nov under obeervation.
REFERENCE.

"Intrinsic Factors Affecting Radlation Mortality in the Mouse." Ingbar, S. H.,
and Freinkel, N., Fed. Proc.,, March 1952. '
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)-PEQUIRRMANT AND/OR JUSTIFICATION
Recent advancea have indlcated that stress, in the form of mental trauas,
extremes of temperature, body injury, etec., produces definite changes in body
mechanisms apart from the usually recognized effects of these agents. It is

tuwperative that methods be developed to msasure the non-specific effects of

stress on the soldier, and fur’thar, the ways and means of altering this effect
intedretiono bod ONCKY o

a, k‘._:: Tho objeotive is to determine the basie mechanisms, which are
operative in the production of the non-specific affecte of atress; to devise
tests to measufe this effect; and to develop practical methods for altering
theee effecta in the direction of improved body sfficlency.

Soldiers are constantly subjected to a wide warlety of stresses both
montal and physical, which commence with the abrupt change from civilian to
military 1life. These stresses are ever recurring throughout the periocda of
training, and reach their greatest magnitude dn the field of battle. These
urusual stressful situations, in many ways peculdir to the soldier, include
such things as anxiety, fear, exposure to extreme variations in environmental
conditions, fatigue, diseases, malnutrition, and injuries. Recent studies have
shown that these factors, in sddition to the kmown and well recognized effects
pecullar to the specific agent, also produce a profound but non~specific effect
on the total organism. There is some evidence to indicate that the specific
and non-specific effects of these factors on the total organism, may be
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for Stress
:?;:_ Dr, Oscar Hechter
trol Yiorcester Foundation for
' : Experimental Biclogy

Shrewsbury, lass,
on 3
en:ent : i BEIEF, The objective is to study mechanlsms of stercidogeresis and the influence of
! . stress upon corticosteroidogenaesis. )
with
E the ESCEGROUND AliD PROGRESS, The perfusion apparatus developed in this laboratery has
"ee been redesigned; methods for the extraction of steroids from perfusion media have been
jps, compared; and the influence of incubating steroids in oxygenated blocod at 380 C has been
.rnf investigated., The latter point is of special importance since perfusion work here, for
j?ﬁ n- the most part, used blood as perfusion medium, Solvent extraction procedures (ether-
1 1 chloroform 4:1 or ethyl acetate) are preferable to the charcoal method employed previously
E@ ° for certain problems, while for others involvinz small volumes of blood the dialysis
f procedurs was most satisfactory, Studles involving corticostercid incubation in
wals oxyenated blood at 38° € revealed that the bulk of steroid added is recovered unchanged,

although the presence of new products formed in trace amount is indicated.

Upen completion of the control studies, perfusion experiments were undertalken with
radioactive cholesterol, cholestenone, and progesterone (all ring-labeled with Cl4) in
the presence and absence of added ACTH. The results demonstrate conelusively that
cholesterol but not cholestenone is transformed to adrenal corticosteroids and that
progesterone is converted to a wvariety of steroid ketols in addition to the expected
preducts, 17-hydroxycorticosterone and corticosterone. The effect of ACTH upon the
fo.egoing reactions has besn evaluated measuring the total incorporation of radio-
activity into corticosteroid from the Cl4 substrated employed.

FUTURE, Further work with cholesterol and progesterone is necessary, but the
indicatlions strongly suggest that ACTH acts in corticosteroidogensslis at a point prlor
to progesterone,

_ Dehydreeplandrostercne will be perfused through adrenals in the presence and
absence of ACTH.

Further work on progesterone will be undertaken so that the pathway leading to
compounds F and B may be more clearly elucidated.




Projeot No. 6-60-11-17 NOT FOR PUBLICATION
Contract No. MD-109 Report Date 30 June 1952

Studies in Sulfur Metabolism

Dr. lLaurance Kinsell
Highland Alameda County Hosaplital
Oakland, California

BRIEF. The objootive 1s to determine the rate of woudd healing in humans
under normal and abnormal conditions, uslng lectoplc sulfur as a tracer; to evaluate
the metaboliem of methionine, oystine, glutathione, and other organioc eudfur-contain-
ing materiale under apecific experimental c¢onditions in human subJjecte; and to deter-
mine the rate of incorporation of methionine and cystine «nto epecific tissues and

organs, .

BACKGROUND, The use of S>D-labeled methionine ag a tool for the study of pro-
tein metabolism having been sstabldshed through previous research, early work on this
project centered around 2 pubtasks: evaluation of the metabolin defect in 2 patients
with 1dlopathic hypoproteinemia by the use of 835-1absled methionine, and evaluation
of the effect of ACTH upon protein metabolism with the uge of the same substance,

The details given in June 1951 vere summarized as follows: It appears that hyper-
cataboligm of plasma albumin 1s the fundamental etlologic defect in this symdrome and
that the reapon for this hypercatabolism is unimown., Anaboligm of plasma albumin is
in no way impajired and is probably significantly accelerated in an effort to compenaate
for the hypercatamboliem. The use of high protein intakes plus testosterone propionate
appears to Improve the clinical etatus of the patienti but faills coampletely to bring
the albumin leve} to normal,

Studies indloate that in the "nephrotic": The ratea of toth albumin and globulin
synthesls are greatly increased over the normal; the rate of synthesis of albumin and
the rate of urinary loss of albumin are almost identical (thies 1s true with or without
albumin infusion}; the S35 content of the urinary protein is identical with that of the
serum albumin; and ACTH caused a rapid cessation of albuminuris and & return to npormal
of plapma protein levels.

What was belleved to be a satlsfactory technique for evaluation of rate of wound
healing with the ald of 835-labeled methionine wae desgoribed in March 1952,

FPROGRESS. Further studies using 8535 for the evaluation of the rate of wound heal-
ing were done, The actual technique is now very well standardized and gives highly re-
producible results in different groups of animals as well as within any given group. To
date, studies desligned to evaluate the effeot of cortisone and ACTE upon the rate of
wound healing heve falled to ahow any significant sffect. Studies now under way inolude
prolonged pretrsatment of animals with ACTH and cortisone., It is belleved that the lack
of effect 1s referable to inadequate absorption of cortisons and to inadequate duration
of ACTH-administration in well-nourighed snimals.

FUTURE, These studies of humans and snimals will be continued and will inolude
evaluatlon of several hormonal agents known to affect protein metabolienm,
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9. REGUIRENENT AND/OR JUSTIPICATION
Chronic eczematoid dermatitis comprises by far the largest source of
dermatologic disability among Army personnel. It is necessary to study the
factors leading to superficilal bacterial and fungous Infections of the skin,
and subsequent chronic eczematisation, with particular reference to environ-
mentsl conditions obtaining among military persomnel; and to develop methods

of preyentipg apd alley) ne maeh infection apk chronic sans eation.
ARIEF OF DROJRCT AND ONJECTIVE

s. DBrief: The objectives are to study:s faotors leading to chromlec disahling

dermatitis in military personnel, new fungicides superior to thoss now used

by the irmy, and methods of screening such new agenta.

b. Approsoht 4 broad attack upon the problem of infeotion and chronic
sensitisation of the skin includes: (1) thoroughgoing laboratory studies in
conjunetion with (2) clinical studiss on adequate patient meterial, including
ailitary personnel as indicated, New fungicides must be screensd in order to
find preparations more sffective than thess now in uss.

Paragraph 12, Contraotor and/or Laboratory

(a) ZIhe Johne Hopkips University - Dr. Maurice Sullivan

To study new fungicidal preparetions :a ap attempt to find compounds that
are wore effective than the fungicides now in use by the Army Medical Servicse 3
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d. Other Information: None,

s, Backproupd and/or Progress: Dr, Pillabury considere the chief etiologie
factors in disabling chroniec dermatitie to be bacterial and fungous infections,

sensitivity to these organiems, epidermal and dermal senzitivity induced by
treatment, and disorders of sweating preceding or following the initial evi-
dence of dermatitis. (Mot all ths conclusions reported below resulted entirely
from specific studies under this grant.) (1) Apparently there is a slow,

steady increase in the percentage of the populatlion sensitive to penioillin,
cauged by 1ts use in various infections over a period of years. Dermatologic
disebility in the Army could be reduced if peniciliin were not used in mild
intermittent, probably self-1imited, infections; and 1f patienta about to
receive penicillin were queried as to previous reactions to it. {2) Rhus
extract, whose value in acute poison ivy dermatitis has never been proved,

chould no% be given for the treatment of thia condition. Prophylactically

it 1s of uncertain value; Iif employed, it should be given under the super~
vision of a competent dermatologist or sllergist. (3) Considerable disabllity
arises from the use of preparations to control itching, none of which is really
satisfactory, Compounds related to novocalne are the chief gensitizers. 4 local
anesthetic not related to novocaine (Quotane) gave setisfactory relief from 1teh-
ing in about 85% of 700 patients, with no frank epidermal sensitivity. (4} The
treatment of "fungous" infectlons continued to be unsatisfactory in Army practice
because of frequently~erronecus diagnoses and ineffective fungicidea, Newly-
aveilable compounds are tested clinically. {5) The specific stéain for fungl
baced on the Hotchkips-McManus method was modified to be usabla ip any laboratory.
The dlagnoels of fungous infection should be proved microscopically befors being
accepted in Army hospitals in order to avoid almost certein disability from
srronsous therapy. The "cure®™ of fungous infections is obtained principally

by the removal of infected material, by local immune responses or mechanico-
chemical methods. (&) Various antibacterial agents for local application are
studied; none is entirely satisfactory. HNeomycin is promiaing but very expen-
eive, (7) X~ray therapy, which is commonly used in treating superficial inflim=
matory eruptions, has been grossly overused, with serious sequelas, The only
krown contrelled study was conducted here to determine its exact value., The
benaficial effects of superficial x«ray therapy are evansscenit if the primary
cause of the eruptlon still exista. It is concluded that x-ray therapy for such
eruptions 1s rarely justified overseas and then under only the most competent
supervision, and in U, 3. Army hospitala should be restricted further. Continu-
tng studies with low-voltage (Grenz) therapy suggest that it is as effective as
conventional x~ray therapy in these eruptions and that the margin of safety is
much greater, Patlenta who hawve received Grenz-ray therapy are being followed
tor sequalas, (B) ACTH and cortisons, whiles often immedlately beneficial in their
sffecte on eczemstous eruptions, almet always are followed by severs recurrsnces,
frequeatly more marked than the original eruption. In allergic skin reactions
which probably will be self-limited, sucgq%f severs penicillin reactions, both
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preparations rapidly cure in most cases and their use is Justified, This is not
true in certain severe general medical conditiona in which the skin, is often af-
fected, such as acute disseminate lupus erythematosus, polyarteritis, nodosa, etc.
Cortisone ointment (25mgm par gm in a carbowax base) was concluded to be valueless
in a controlled axperiment in 25 patients,

Studies on the Causative Organism of Trichomygosis Axillaris, In 100 consee-
utive clinical cases examined, 28 cases of trichomycosis amillaris were found.
Corynebscteria wers isolated from all 28 cases, and from 3 normal casea, The
eultural, microscopic, and growth characteristics, mouse pathogenicity, and anti-
biotic sensitivities of these organisma were reported., The name Corymebacterium
tenits was proposed for the organism causing trichomycosis axillaris in Phila-
delphia and vicinity.

Are Fungous Infections ingreasing as a Result of Antibiotic Therapy? Candida
albicans regularly emerges in abundance in the mouths and gastrointestinal trscts

of those receiving wide-spectrum antibioties., The lsolation of this organism in

the presence of some untoward side-reaction such &3 glossitis or stomatitis is not
tantamount to a diagnosis of monilisaias., Evidence was presented that the stigma-
tization of the mucous membrance reactions observed in assoeciation with antibiotic
therapy as moniliasis probably is unfounded., The wide~spectrum antibiotlcs did not
enhance the growth of C. albicang ip vitre mor potentiate mycotic disesse in ani-
mals with experiments) moniliasie, blastomycosis, histoplasmoeis, coccidloldomycosis,
and sporotrichosis.

Studies of the apocrine sweat gland offér the greatest hope for a sound under-
standing of a eritical factor in a problem of prime lmportance to the armed services,
otitis externa, apd in eruptions of the axilla and genitalia. Progress was being
made in a study of the etiologic role of the sweat gland in several common disabling
and chronic skin diseases. Physioclogy of the Humen Axiliary Apocrine Sweat Gland.
Apoerine sweating could be stimulsted by emotlonal stimull of significant intensity.
Apocrine sweating was produced by eplnephrine and nor-epinephrine. A&pocrine swazt-
ing mas not produced ss a result of acetyl choline, pllocarpine, or thermal stimu-
lation, The apoerine seoretlon wes seen to appear against an external pressure of
225 mm. of mercury. Such sweating could ba produced in adulta but not in children;
there was s reduction in quantity in the older age group. The apocrine sweat gland
unit showed a definite refractory psried, both toc neural as well as chemical stimu-
lation., It has been postulated that apocrine sweating is under the control of

adrenergic fibsra of the autonomic nervous system. Localized Chromidrogis, 4
. — - A Ak de mddl TAanaTirad ahvemd =
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0. REQUTRENERT AND/OR JUSTIFICATION

To reduce oral disease which affects 987 of the military age group, re~
sulting in time~loss for treatment, This gtudy requirew investigation in all
fields of the science of dentistry. Studies in the basic causes as well aa
mathods of trestment are ezsential if any subatantial reduction in demtal
oasuplties is to be effected,

WRISP OF PROJECT AND OBJERCTIVE
a, Brief:

The overall objeotive ia to investigate the cauass, treatmsnt, and epidem~
iology of dental cariss, perilodontitis, and other oral diseases which affsct
militery persomel, By following thias objective it is contemplated that such
| an effort should, as investigations progress, result in improved methods of
troatment of dental and oral lesions. Further, as information on etliology
and effects of tresatmant becoms available, the numwber of dental lasions can bs
reduced, and the cost of dental care proportionately. The Steslman report to
I the President stated, "The small pgroup of projects on dental and oral dimesass
| by the federal agencies reflects the gensral neglect of dental research, and the
| need of training investigators in the field.* Special effort ham since been
made by the military and dental educational institutions to train dental ra-
soarch peraonnel.

The Rockefeller Foundation stated, "Although America loads the world im
| dentistry, it 1s a lesdership based more unon inramiitv of a marhanicel -~ct
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coordinated by the Dental Ressarch Advisory Committes into a balanced program.
Studies to include:

(1) Disemses of the tooth.

(a) The etiology of dental oaries imcluding the bacteriology and bio-
cshemistry of early and terminal lesions. '

{b) Treatment of the carious lesion with emphasis on cavity prepara-
tion for the insertion of filling materisala.

(¢) Physical properties of tooth structure.

(d) Analysss of materimls used as dentsl restorations to inoluds
their physical properties, effect on tooth structure, snd their
abllity 4o prevent further destructlion of the tooth.

() The evaluation of present date, and further investigation into
the use of flucrides and other substances, known and baling
developed, in the treatment of dentsl carles,

(2) Di,eases of the periodontium.

{a) Histoohemical, anatomical, histopathological, bacteriological,
and nutritional studies into the etiology of periocdontal diseass. i

(b) Methods of treatmsnt and mans for prevention of periocdontal ‘
disease.

(c) Bacteriological and dietary studies into the nature of caloulus
formation. This is one of the primary causative factors of
periocdontal dianeass.

(3) Digeases and injuries of the oral mmocosa and jaws.

{a) The olsssification and definition of oral keratotioc lesions.

(b} The orsl manifestations of nutritional deficiencies,.

(¢} Studies in faocial growth and development.

{d) Mothods of early diagnosis in degenerative diszeares.

(¢) Development of msthods for early diagnosis and more effective
methods in the treatment of acute and chronic inflammatery
lesions, !

(4) Dental Materials, instrumentation, and clinical faoilities,

() Research in the properties of dental materials.

(b) Improvemsnt of specifications of existing dental materisls.

Eo] Studies to improve present restorative procedures.

d) Methods to increass the efficiency of instrumentation, clinical
facilities, and patient handling,

730 :
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ce Subteaks

(1) Army Medical Service Graduate School ig investipgating the bacterio-
logical and biochemical aszpecta of dental cariea.

(2) The Armed Forces Inmstitute of Pathology 1 investigating the etiology
and methods of classification of periodontal disease.

(3) The University of California under Dr. Herman Becks is studying the
" affect of the topical spplication of fluorides and other substances on the con-
trol of dentsl omries in young adultas.

(4) The University of Indiana under Dr. Harry Ge Day 1z studying the effect
of fluoride substances on ths nutritional requirements of the Iacto.bacillug

soidophilus.

(58) The Uniweraity of Illinois under Dr. Milton Engel is undertaking a
histochemical analysis of the gingival tissues ir relation to periocdontal
digoaga,.

(8) The Beth Israsl Hospital under Dr. Henry Goldman iz studying the
mechanics of pocket formation in pericdontal digease by histopatheological
methods,

(7) The University of Illincis under Dr. Joseph Weinmsnn iz conducting
cytologic studles om ornl epithelium in regeneration, and in bsnign snd malige
nant neoplmaia.

(8) Walter Reed Army Hospital Dental Service is investigating the hard
tissues of the masticatory mechanism by cephalometric means, to accomplish a
more adaquate restoration to normal function.

{9) The University of Rochester under Dr. Basil G. Bibby is studying
the role of bacterim and their products in non-specific ginglval disturbances,

{10) The University of Illincis under Dr., Willimm W. Waimwright ias
conducting an autogrephic determination of the ability of various bacteris and
other substances involved in the production of the carious lesion to penetrate
dental structures and filling materisls, by the use of radiogactive tracers.
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(12) Georgetown Univerzity School of Dentistry under Dr. Gustav Xruger is
svaluating superficlial keratotic leaslons of the oral regions by c¢linical and
histologic methods.

(13) The University of Michigan School of Dentistry under Dr. Donald Kerr
is studying the effect of inhalation of air borne particles resulting from the
uge of abrasive technique in cavity preparation.

(14} The University of Illinois under Dr, Iseesc Schour is investigating
the response of the dental pulp to the traumatic and chemical irriteants and to
the varlousz types of cavity preparation and filling materials.

{15) The Univeraity of Michigen School of Dentiatry under Dr. Willian
Mann 1ls investigating the pomsibility of ubilizing fluid turbine power im the
dental handpisce.

(16) At the National Bureau of Standards, regesrch ia being conducted om
the phyasical propertlss of dental materials, restorative procedures, amd of
incresslng efficlency in restoration techniques.

(17) The University of Southern California under Dr. Hollenbsck is attempt=
ingz to determine more effactive means of utilizing amalgem alloys by corre-
lating laboratory data with clinical procedures.

(18) The Eastman Dentel Dispsnsary umder Dr. Fina Brudevold is studying
#ontal Adhesiven.

(19) Indiana University under Dr. Robert B, Fischer ia studying the phys-
ical structure of dental enamel and bones, with particular emphasis on surface
structure.

(20) The University of Nebraska under Dr. Ralph L, Ireland is conducting
an investigation to determine the atress and strain patterns whioh may be set
up in the tooth as a result of wvarious types of cless II cavity preparations
for silver amalgam restoretion.

(21) Madigan Army Hospital is conducting & study of Periodontal Bizease
in Poersons between the ages of 20 and 23,

(22) Tufts College Dental School under Dre Ce Do Marshall-Day is con=
ducting an epidemiological study of periodontal disemsze.

(23) The University of Rochester umder Dr. Elliott A. Maynard is con~
ducting experiments in the dovslopma$t2?f dental csries in the Syrian Ksmster.
3
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(24) The University of Indiana under Drs. Joseph C. Muhlser and Williem G.
Shafer is studyimg the relationship between the endocrine system and dental cariles.

(25) Peroy Jones Army Hoapital 1s studying electronics ag a disgnostic aid in
dentistry. '

{26) Northwesterm University under Dr. Eugene W, Skinner is studying new
designes and greatesr efficiency of dental toecls at verious speeds.

(27) New York University under Dr. Otto R. Trauts 1s studying the preparation
and chemical analyses related to the apatitfes of dental enamel.

(28) The Umiveraity of Indimns umder Dr. Grant Van Huysen is studying the
respongé of dentin and pulp to the cutting of cavitiee in the tooth by airbrasive
compared to the responge to cavity preparation with the present standard procedures.

(29} The University of Pittaburgh under Dr. S. Wah Leung ia studying the
influsnce of salivary gecretion on calculue formation as studied by the use of
radio=-igotopes.

(30) The following sdditionsl subtasks sre plemned for FY 1954

(o) Trestment of demtal caries in young adults by the use of chemioal
agents such as fluorides, colloidal silver, colloidal icdine, etc.

{b) Treatment of periodontal disease by more effsctive utilisation of
corrective procedures,

(¢} Studies to improve treatment methods related to dental caries.

(d) Improvement of oral surgical techniques, instruments, and materials
in the treatmsnt of oral disease, and traumatic Iinjuries.

{s) Studiss into more effective methods of oral diagncais.

{f) Therapeutic x=radintion in denmtistry.

{g} Bistologlcal atudies of tooth gtructures using radicsactiv. 1sotopo

fa & —_ -
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d, Qther Information:

The following research proposals are now under consideration Ey the Dental
Research Advisory Committes of the Army and will be activated as soon as approved.

(1) The University of Alabama under Dr. /. Ward Figman is to study
the nature and amount of carbohydrates in human saliva and to study their re-
lationship to the etliology of dental caries.

(2) The University of ¥Minnesota under Dr. iwiallace D. Armstrong is
to develop improved methods for determination of microgquantities of flucrida
in biological materials (foods, urine, blood, soft tissues, bone and teeth)
and to apply these methods to the study of the "normal" metabolism of this
eloment.

(3} The Walter G. Zoller Memorial Dental Clinic of the University
of Chicago under Drs, Thomas B. Coolidge end Frank C., Besle is to study the
analysis of factors asscciated with the in-vitro production of caries of the
enamel.

{4) Indiana University under Professor Ralph Phillips is to study
the electrical and thermal conductlvity of dental cements and restoratlve
materials,

(5) The University of 11lincis under Dr, Hdobert F. Nystrom is to
synthesize a series of compounds of dental interest that will be heipful in
research on dental pathology and dental materials. Radicactlve acrylic meono-
mer is the first compound to be synthesized.

e, Background and/or Frogress:

Avery has studied the formation of teeth in swine from the time of ini-
tiation of sruption and in man from the time of initiation to amelogenasis.
The Bell stage of development furthermore is characterizsd by a contact of the
inner and outer ename]l epitielium which cecours just before dentincgenesis begins,
Later during amelogenesis the tocr of the enamel organ is svaginatad exposing
the amelogenic area tc the vascular tooth crypt area. In later stages a
vascular network is established in close contact with the ameloblasta and
the cells of the stratum intermedium rotate 90° during this period so that
1l end of these celis is in contact with the capillaries and the other with
the neighboring ameloblasta, During eruption the stratum intermedium cells
appear to revert to their original plane perpsndicular to the ameloblast and
to proliferate, forming cellular bridges betwesn the raduced enamsl organ epitheli-
um and the gingival epithelium,

In man, Avery found that the labial and the deptal lamina develop
at approximately the same time, The bell stage of tooth develocpment does
not oceur in man or pig until the stratum intermedium (overlaying the inner
enamel epithelium)} contacts the outer enamel epithelium. Histo-differentia-
tion of +the formative cells begins slightly before this t{ime
in both species but these cells do not mature until complete
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invagination occurs. Dentinogenesis occuras at the apex of the completely in-
vaginated inner enamel epithelium in both man and pig. At the beginning of
amslogenesis in man the upper convexity of the enamel orgarn is evaginated so
that 1/3 to 1/2 of the amelogenic arsa 1s in contact with the tooth crypt

and the remainder is in contact with the stellate reticulum. Ividence is pre-
sented by Avery that the 3 lobes of the maxillary central incisor are indicat-
ed at an early stage of tooth formation in man.

Becks has besn studylng the effects of flucrides on caries in the young
adult. ¥Yp to July 1950, 548 students had received 4 flucrine applications
precedsd by thorcugh dental sxamination, dietary histery, 2 Bacillus acido-
philug counts, roentgenograms, and proyhylactic treatments. OFf these, 68
studerts of the lst group, started in April 1949, were ra-exapined for caries
activity after 1 year. OF this group, in May 1951, only 58% responded to
the requsct for re-sxamination, a large number having joined the armed forces
during the year, During the lst 4 months of 1952, 6 groups of stuients who
enrolled 2 and 3 years age in the fluorine administration program were re-
called, re-examlned, and re-rosntgenographed. One hundred and one students

had their lst-year dental check and belong to 2 groups which were started in 1951.

One hundred eighty-nine had the 2pnd-year re-examination; they were started in
1949 and 1550,

{i1th each re-examinatiorn a saliva specimen is obtained for the determin-
ation of the Lactobacillus acidophilus index as well as roentgenographic bite-
wing pietures. A1l dental examinations are made by 4 staff members who have
been with the projeet since inltiation., An estimated 400 students would re-
ceive their Z2nd-year check and approximately 500 their 3rd-vear check during
1953, leaving ap aestimated 500 students for 1954. :

Day has devoted considerable effort during the past few months to studiea
aimed at the further reduction of the level of flucrine in the components of
the sxparimental diet. Some success has been achieved, btut the methods are
time-consuming. Because s means of producing dietary components extremely
low iIn fluorine is so important, this work is being contimmed.

The ability of baryilium to form a scluble complex with fluorine, undar
certaln conditions, led tc an attsmpt by Day to apply this property ¢ the
purification of dietary components, All such efforts have besn unamemssful,
None of the wvarious methods of dialysis tried has shown promisa. Tue best
methods for starch appear to involve repested extraction with dilute acid.
Tha best praparations of casein have resulted from repeated precipitation
from slightly elkaline solutions and washing with large amounts of water,
Unfortunately, the best resulis are obtained when the batchas dn nat avnead

£ 4 T8
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connective tissues which have been studied to this time Ly Engel behave as com-
ponents of a continuum which vary from icose to denpely aggregated, negetively
charged eolloid. The inter-action of positively charged ions with the colleid
is now virtually predictable upon the determination of the density of colloid
from electrochemical data. Bach tissue also has a lability which resulis in a
variable range from "looseness" to "tightness" under hormonal and other influ-
ences. The distribution of colleid, water, and slectrolyte betwesn a colleid-
rich, water-poor rhase and a water-rich, collold-poor phase has heen postulated.

Engel believes that the serum micoprotein level and the urinary excra-
tion of mucoprotein largely represent residues from the turnover of connec-
tive tlssue ground substance. Additional studies must be done to test the
hypothesis. Engel finds that the generalized alveclar bone loss in periodon-
tosls appears to be unrelated to local causes, Exparimental studies with para-
thyroid extract lead Engel to consider that active extensive btone resorption
due to any cause may be reflected by an elevation of the serum mucoprotein
level dus to solution of residues of the mucoprotelin bones matrix,

In such conditions as dentinogenssls imperfecta, odontones, pulp stones,
internal dentin reserption, etc., the dentin is characterized by an altered
chemlecal reactivlty which leads to a more intense reaction with the periodic
acid-leuchofuchsin reagent according to Engel., These histochemical findings
are interpreted to indicate a more loosely aggregated matrix in the abnormal

dentin,

A series of rabblts; guinea pigs, and monkeys were subjected to varying
gitantities of air abrasive powder Ly Herr. Some animals were subjected to alr
abrasive powder containing tooth dust. Some of the animels have bsen sacri«
ficed immedlately following a long period of exposurej others have head a perilod
of 30 or more daye without expcsure to determine whether the changes will resoclve
or whether there is residual effect following severe exposure, Microacople stud-
ies show marked changes in lungs in animals saerificed immedlately following
exposure. The changes are more severe in the animals with the longer axposures.
In animals sacrificed 30 days after last exposure, changes are residual.

A survey of 2,929 male patients has been accomplished by Kruger. All
slgnificant oral lesions were studied both clinieally and histolegircally,
emphasis being placed on leukoplekic and keratotic lesions. The presence of
dyskeratosls was considered essential for the histologie diagnosls of leuko-
plakla, and the criteria employed for the clinical diasgnosis of this disease were
those commonly used in dentfistry today, There were 57 lesions of all types;

2 ware of a keratotic nature. Nineteen of thesce lesions were clinically diag-
nosed as leukoplakla but confirmed by histological study in only 1 instancs.

The cother keratotic leslions weie given the microscopic diagnosis of focal kera-~
tosis, focal keratosis and acanthesis, verrucous acanthosis and squamous cell
carcinoma. Of all the 57 lesions disclosed, the fibroma appeasred most commonly,

totaling 15 in number.
736
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Hann has conducted experimental work on the use of fluid turbine power
in dentistry. Five electrle drive handpleces have been constructed and de-
livered for testing by the U, S. Army, 0ffice of The Surgeon General. Three
turbine drive handpieces have been completed. One of these handpieces has
been equipped with pressure outlets for the measurement, by means of man-
omater banks, of the air pressure on both sides of the nozzle plate.lEvery-
thing is 1n readiness to determine experimentally upder which conditiens
of operation and detaeils of construction the turbine type dental hardiisce
will produce the greatest torgue and speed with the air pressure availatle,

Studies by Schour on traumatic and chemical irrltants on teeth in-
dicate that following cavity preparaticn the pulp of the dogs showed a mild
inflammatory redsction beginning as an infiltration of acute inflammatory
cells and progressively changing into a chronic stage., At 21 days appar-
ent recovery had occcurred., At about 16 days a secondary dentin had formed,
averaging about 60 microns in width. The secondary formation of dentin was
more prominent in the dog than in man. In the monkey the pulpal response
started as a mild acute inflammation, bacame chrenic, and was still appar-
snt at 26 days. Secondary dentin was lst seen in the 19-day-old cavities
and ranged in width from 30 to 120 microns. The pulpal and dentinal re-
sponsss in the dog and monkey were milder than ln man, with the monkey more
nearly approaching the human series. The general pattern of reaction in
both animals supported the conclusions drawn from the study of human matzrial
which aps 1) In view of the presence of inflammation, lst acutes and later
chronicanature, base plate gutta=-percha is not as innocucus a dental filling
material as has been assumed; 2) There are ro significant differences be-
tvieen the reactions of dentin and pulp in cavities prepared by the bur tech=-
nique and by alrbrasive technique.

Schour dsveloped a procedurs which employs the lower inelsor of the
rat as a biclogle test object for demonstrating the early effects of local
mechanical and chemical injJuriss of the cytoplasmlc extension upon the per-
ikaryon of the odontoblasts and upon the copnective tissus of the pulp.
This wil]l be a useful biologic screening test.

The cdontoblasts showed functional and morphologic alterations. The
wildest functional changes were reflected in all cases in the calcio-
treumatic response of the dentin. The morphologic changes, which were seen in
a varying number of odontoblasts, ranged from revsrsible albuminold degen~
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sane period, 1% paraformaldehyde in desp cavities caused injuries which werse
still present 96 hours afiter the experiment,

The studies by Van Huysen on traumatie and chemical irritants verify
previous firdings end fundamental conceptions with respect to the vitality and
recuperative rowers of the healthy pulp. If the healthy pulp is capped immedi-
ately with a nonirritating materisl it will survive as a normal funeticning
organ. He has shown that satlsfactory capping may or may not be followed by
closure of the exposure with a dentin bridge, It is therefore suggestsd that
if a pulp is successfully cappred, the exposure area should not be reopened,
There can be no future for a pulp that has been exposed for more than 6 to 8
hours, whether it be due to caries, fracture, or any other cause. Inflamma-
tion of the wulp, whether it be hyperemia or necrosis, is not cornducive to suce-
essful pulp capping. Of great importance are accurate diagnosls, immediste
protection, and non~-irrltating protective materials,

The study of teeth by Wainwright from patients treated with 1131 indicates
that the in-wvitrg cbsarvation of enamel surface uptake, penetration, of enamel
lamellae and damaged dental struftures, and the diffuse pesnstration of intact snanm-
el by certain =mall organie molecules have all been duplicated in the living hu-
man subjeet in tracer studiles with radicactive iocdine. ¥No difference in amount
of iodine localigzed in the testh could be detected by radicautographic techniques,
betwsen teeth extracted at pericds after radicactive iodine administration varying
from 5 hours to 19 hours. For unexplained reasens much of the experimental evi-
dence obtained suggests that the iodine is retained in approximately the originel
smounts in human teeth under living conditions for atleast 2 weeks.

Wainwright has found that the diffuse penetration of 1131 through the

tooth under in-vivo conditions mey be confirmed by ip-vitre observations. A
prominent difference between the in-vivo and the laboratory experiments appears
after 2 weeks' immersion in water., In the test tube the jodine hecomes more uni-
formly distributed through the dentin of the tooth and tends to leave the mlddle
portions of the enamel. In the living human subjects on the other hand, several
specimens have shown that localized deposite of 1131 have been maintained for
periods as long as 19 days.

Based upon studies by Weinmann of benign and malignant oral lesions,
it has been determined that large amounis of pheoaphamidase are present in all
types of malignant growths studied, Fhosphamidase is present alse in some
types of growths commonly considered as benign, e.g. in pgiant cell tumors, and
is absent in hyperkeratotic lesions. This may become an applicable diagnostie
aid.

f. Future Plans: Studies wijl continue as described above,
g Referencas: IFrogress reports of inveatigators,
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IRIEF. The inveatipgator 1s conducting an autographic determination of tho o
ability of various bacteria and other subsiances involved .in producing the carious.
leslon to penetrate dental structures and £illing mnteriala.by the uss .of, radioaetiva
tracers. “ _ o

BACKGROUND. Three teeth from patientes who have recelved Aul98 have been cut
into 18 ground sections and 28 radicautographs were prepared, .The results with Aul98
vere negative, confirming the clinical observation that Aul98 given intraperitoneally
in the colleoidel form does not leave the peritoneal cavity. The blood was also nega-
tive. i . wﬂ

In-vivo human examinations of cementum mstaboliam are oaaily made on teeth from
patienta treated with radicactive iodine for thyroid disease, Cellular and acellular
cementum were often diffusely penetrated by I12l, Complete penetration ocowrred in
teeth exposed to I131 in-vivo in as short a time as 5 hours and was still present in
testh exposed to I1Z1 ag long as 18 hours., Presumably the time limits are much wider,
Exposed cervical dentin was penetrated deeply to the pulp chamber. Desp. penetration
ocourred through secondary dentin as well. . o o

Twenty-five human teeth from such patiente were sactioned, 158 ground gacticns
made, and 410 radioautographs were made of these sections.

PROGRESS., In-Viirc Observations with Dyea - Freshly Extracted Humen Teeth
Stalned with Silver Nitrate., Thirty-two teeth were stained by lumersion in h0% AglOx
solution for periods of frmm 5 minutes to 20 days. One hundred and seventy-six ground
sectlons have been prepared, Only visual observations of the extent of penetration
have been made at this time. -

In-vitro and In-vivo Observaticns wlth Labelled Compounds; Human In-vivo Studles
of the Penetration of Teeth by I'1°l, Further conclusions resulting from the study of
teeth from patients treated with I131 are:

The in-vitro cbservation of enamel eurface uptake, penetration of enamel lamellae
and damaged dental atructures, and the diffuse penetration of intact enamel by certain
small organic molecules have all been duplicated in the llving human subject 1in tracer
gtudles with radisactive iodine.

No difference in emount of iodine localized in the teeth could be detected by
radioautographic techniques, hetween teeth extracted at perlods after radioactive
icdlne administration varying from 5 hours to 19 hours,

For unexplained reasons much of the experimental svidence cobtained suggests that
the iodine is retained in approximately the original amounts Iin hwmn teeth under living
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‘on the other hand, several ‘specimens have shown that localized deposits of

cm:lit:l.énu or at'haast 2 weeks.
o epeh 08 adel Sarool . . :
The unusually large number of teeth available for this investigation was sup-
plied by the staff of the Veterans Administration Hospital, Hines, Iliinois,

In-vitro Studies of the Penetration of Freshly Extracted Human Teeth by I131,
In order to make posslible comparison of in-vitro with in-vivo observatiens 15 teeth
have been cut into 9} sections and 21k radicautographs made from these., Conclusions:
The diffuse penetration of 1131 through the tooth under in-vive conditions haa been
confirmed by in-vitro obserwations. A4 prominent difference between the in-vivo and
the laboratory experiments appsars after 2 weeks! immersion in water. In the test
tube the iodihe’ becomes more uniformly distributed through the dentin of the tooth
and tenda to' leave ‘the' middle portions of the enamel. In the living human sﬁ’iec“’
I have

been maintained for periods as long as 19 days.

- Hamater Colony. The hamster colony now consizts of 6 adult females, 2 adult
males, and 20 offspring 20-25 days old. The 6 adult females and 28 offspring, then
aged ‘10 days; 'lre:re placed on the cariogenic diet described by W. G. Shafer (Science,
1103 l).;3’,'l9n 4 2nd group of weanling hamsters was procured and placed on the
carliogenic diet at the age of 25 days., It is anticipated that during the sunmer
there will be an lﬁle supply of In-vivo carlous lesions for the experiments with
335-t.hiourea and Cl4-gucroge. -

. FUI'URE. In-vitro observat:l.ms of silver nitrate penetration will be continued
with an atiempt to clear sectiona in aniline oll in order to check the extent of pene-
tration of silver nitrate observed visually by a more accurate microscopic observations.
Microscoplc observation is difficult at present, due to the thinness of the specimens
and the presence of extraneous stains in cariocus areas,.

The in-vitre obaservation’of methylene blue penetration will be studied with thae
a:.d of cutfing coolants permitting thin sectioning without water.

The in=vitro. experiments ‘on 1131 penetration wlll be continued and manuscripts

preparad describing “the result.a.

" Further: inveatigatims 'n'ill be made of the conditions necessary for obtaining
thin sections wlthout the necessity of using water as the cutting coolant.

‘7 \The' studies .of penetraticn by 5°~thiourea and Gllsucrose will be continued

as cutting' methods:are ‘developed. Considerable progress may be possible with ob-

servations on the carious lesion of the hamster. since hamster teeth cut more easily
than do human teeth.
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