
I , . .  , .I . 
I 

Progress %port 

2, Jikawa, J.K., iMght ,  V.H. and Tyor, KP.: Effect of Intravenous M g i t o x h  on 
7lui.d. Zstribution in Hosp ik l i t ed  I k l e s  without CaAiovascular  Disease. 
Pmc. Sot. Expo Biol. & Fled, 76, 2501252, Feb., 199. 

aticnss i n  the Blood Volcune and Thbcyanate Space i n  Relation to the Dmelupncnt 
of Humor& Antibodies i n  the Rabbit. J. C l i n .  - m e s t ,  30, 3 6 ~ 3 6 8 ,  April, 1951. 

3, Aikawa, J.K. and Hamell, G.T.: The hmmuphyslology of S e m  Sicheas.  Alter- 

b. Aikawa, J K The S i  ficance of the %diosodiun S p c e  i n  Humsn Disease, South. 

5. Harrell, G.T. and Aikaua, J.K.: Alterations i n  the Permeability of Mdmnes 

6 .  A%=, J.K, ,  P o u t ,  E,H,, HarreU, GOT, and Jennings, To&: 

Me& :."& 65&, July, 19% 

During Infections, J,&K.S, lh7 ,  232237, Sept, 15, 1951, 

Immunap~olagg 
of S e m i  f,ickness. 
i n  Relatian t o  Humoral Antibodies i n  Rabbits Sensitized with Human Albmin 
or &51obu->n* u'. .!JIerD 22, 56517,  Xov., 1751, 

Alterations i n  the 31ooc 'Jolune and 3-iocyanate !?ace 

- ., T 7 -  1 -.. . - -  - 
'̂, I . :ax,  .r-. I?(. .:IO? -3:. *-.: i m u n o D ! i ~ - s l L o ~ *  -P.xesse i n  Y ~ & O S O < ~ - ~ .  'pa:? . - . .  -- o!: -'-c%r.aL G l a . - 3  ir. .aL:15c r r l t i z d  -f.t?-- P7r-x :-E-z.  ?roc. -3:. : Y T .  

3.01. & Xed. r y ,  L ; > - L ; ~ ,  zeu., u x .  

Youth. l.:ed, 3. 

i n  the Thiocyanate Space in Quantitative Passive Transfer S p e r i m n t s  i n  
Rabbits, J, kilergy 23, 122-129, ikrch, 15.52. 

,-._ h ^  ,.--' - . - r 2,. 
10, ';Lor, X.2. and Gayer D.: Studies with Ioctine-Tagged ;siburnin i n  X r r h o t i c  F a t i e n t E ,  

U. Aikawa, J.K. cad Rhoades, E&,: I m m u n e s i o l o g y  of Irmrmne Reactions. Alterations 

k, Lb-lkS, Feb., 1952. 

12. Aikawa, J.Xe? Harrell, G.T., and Zisenberg, B,: 

Tpor, M.P., Aikawa, J.K. and wer, D.: 
The 3xchangeable Potassim. 

C o n t e n t  of Normal Xomen. J. Clin. Invest, 

Excretion Rate of L131 illbumin in Patients d t h  Cirrhosis. 
Accepted f o r  pc3lication. 

Scheduled for April, 1952, issue. 

13. The Plasma ilisappearance and U- 
GastroQterohgy, 



, , .. 
b 

Zrogress ;.eport 

hncmt  d' :ienbrarle I;ermeabiiitv Jefect 

The cliscuss~on of our concept of the effect  of infections and imnune processes 
%rrell ,  GOT, and Aikawa, on a l te ra t ions  i n  membrane perneabili tg has been publishid: 

Standardization of Wethods * 

Studies on Vne normal values foT the radiosodium space in rabbits hasbeen 

The values fa? radiosodium space and the canparlson d t h  the extravascular 

compLeted and published as reported l a s t  year, 

f lu id  space as measured by thiocyanate technique in n o m 1  individuals and in sone d i s -  
cas2 ?-ocosscs has Seen pub'iished: fiL;'mwa, J.X,: 
in X u m n  Zsease, 3outh. Red. J. b:65M61 (July) 199. 

The Cignificance o r  IlaCiosodium -?ace 

No s i a f i c a n t  correlation between %he radiopotassi-Lu? content and urina.y creat1ini.m 
o x r e t i o n  was detected in starve<, normal d e  rabbits: reference cited. 
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P r o p e s s  %port 

PreUntLnary experiments on r i c k e t t s i a l  apotted fever lnfectian i n  guinea pigs 
treated with cortisone havesho-m no s ignif icant  a l t e r a t i m  i n  mortality, This e.upe% 
mnt was perfomed to deternine whether cortisone would increase the spread o f  an in t ra ,  
c a l l u l a r  infection as it has been reported t o  do xit'n extracellnlar infections such as 
those with staphylococci, streptococci and tubercle bac i l l i ,  Al te ra t ims  i n  the height 
-ne t d c a t i o i i  of Zevsr in zLT..a ?Igs  t reak, :  :-SK! corbisone zrs not as str'_;dng 2.: ' . z s  
'Deea r epor td .  Ir, I~x-a? beings with natural ly  acqyired %cky Lountain q o t t e i  fever 
sir;ulk~eot:sly t reated w i t ?  arkibiotics. The :mpa;..able s -??r5ent  c o r 3 X ~  cort lsaie  
and antibiotic therapy i n  guinea pigs has n o t  been done. 

- 
&&acellular m f ~ ~ t 5 . m ~  

Time did not permit this year exp&mmta on fluid changes in Trichinosis, an 
es3xxellx!-a.r L n f e e t i o  app';ring the teciniques f o r  radioisotopic studies. 

Z)caaune Reacti,ans Without Infectbna 

The i n i t i a l  studies on active sens i t iza t ion  of rabbits ath human plasm hav:: 
Seen published: The Immunophysiology of Serum Sicbess .  
'2Lteratians iln t h e  Blood Volumead Thiocyanate Space i n  Relation t o  the Development of 
Himoral Antibbdies i n  the Rabbit, J. Glln. Invest. 30:36&366 (Qril) 1951. The cantin- 
a t lo r ,  r3-qxrLiienLus u t i 5 z i n g  2ifferent f r ac t io r s  of  plasna have been pubished: ;Li!aa;.ra, 

. I l t e r a t i m s  i n  the ? h o d  Vol_ume a12 W o c p n a t e  "pace in ?elation t o  Humord . h t i b o C z s  
i n  =abbi ts  Sensitized with Human Kburrin o r  Globulin, 3. Allergy, 

!Lkawa, J.K. and Harrell,  GOT,: 

J.K., Pount, Z.X., H a r r e l i ,  G.T. and Jennings, m A.L.: ..- 'Itlpmmaphysiology of S m  Cic'mess. 

22:5&517 (ilm.) 1951. 



An a t t m p t  to  local ize  the s i te  a t  vhich f l u i d  accumulates in the extravascular 

Imrmnophysiology Increase i n  Radiosodium Space of A d r e n a l  Glands i n  

The findings i n  this s t u Q  a r e  compatible with the thes is  that the adrenal. gland 

spaces as a r e su l t  of immune reactions has been completed and published: Aikaua, J,K, 
and &moades, EL.: 
Flabbits Sensit ized with Hunrsn Plasma, Proc. Soc, Exper. Biol, & Pad, 79:233-235 (Feb,) 
1?52. 
-plays a r o l e  i n  inmnme reaction and is compatible with the clinical experience that c o r t i r  
sane is efficacious i n  the treatment of diseases of al lergic etiology, 

Pabbits have been act ively sensit ieed by t he  in ject ion of human plasma and the 
effect an external potassium balance and radiopotassium exchangeable space detemined. 
P r e M a r y  eXaminat;ion of the data do not r d  much alteratdm but the  a n a l y s i s  is 
yet incomplete, 
of r a 5 b i b  i n  an attempt to  obtain more stri- results, 

This experiment is a t  present being repeated by I-lyp-zing a group 

Autoantibody Studies 

Tne 'Lrf.ta+&oas o f  time and avai3Ji .e  5ec?ui.zil assistm;... hav; z o t  pecxitC,ed 
inau,vat%on of autoantibody studies. 

An i n i t i A l p r e U x z r  survey of the exchangeable radiopotassium content i n  
hum being5 vith various disease s'btes has been submitted fo r  publication, 
were in te rpre ted  as indicating that Vne radiopo+uassium method is more accurate and nore 
sensitive t h  the external balance netiioc! fo? assaying c h g e s  i n  body potassiun cmtent.  
,113 raLiopotassiur, metho? 
s t a t e s  
any disaase uniler treatment wiLh -CX an? co-tlsone, 

The results 

c1. :s particularlj-  appEca5le t o  the stuer of such Esease 
a3 diabetes, mpedema, cirrhosis,  congestive heart failure, and individuais iritli 



’Ihe radiapotassiur. z p ; ,  i ! 2 s  teen det+mb-ed ir. a , r r r~~  of 50 ct;,zteLUic patL.zAz. 
Xz’oetes is ‘mom t o  affect  in tegr i ty  of  ar taxioles  an6 capi l la r ies  prociucin:: hemorrllages 
in  +Lie qTe gyouncis, al-m~inwia and iiematu-ia Lv, poorly re@aCUc-’. 4:ases. 
of the bo& Geficiency of potassLum and the ease of replacenent,as measured 52- s e r i a i  
determinations while supplenentary potassium salts were be- given, has been studied. 
Pn abstract  of this s t u d y  ~i11- appear in the program of the h e r i c a n  Society f o r  L Z i n i c 2 i  
Investigation, Atlantic Ciw, Iqev Jersey, Lay 5, 1?.52, and w i l l  be subsequently published 
i n  the J O U I Z I U  QF C_I:IICM. ZiV?Yi“i‘GiTQIT. 

The nagnitu(.’e 

The exchangeable ?otZssi?m space :has been determine2 in patlm-ts 16th  cirrhosis  

These studies are  being a n w e d  and the r e su l t s  correlated w i t h  studies  on 
of t i e  l iver ,  a disease in which t h z  permeability of  capi l lar ies  i n  the  polr‘ual system i s  
altered.  
protein neta3oUsm us- h u m  s e m  al’ounin tagged T ~ V C  i131, 

,-tuciies of 2igitalis 
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1 

Retention of sodium and water and depletion of the body store of protein 
are among the more striking features of decompensated hepatic cirrhosis. 
Hypoproteinemia has been thought to be one, but not the sole, factor respon- 
sible for fluid retention. Blthough the role of sodium in the pathogenesis of 
ascites has been extensively investigated, very little attention has been given 
to the possibility that there might also be an crssociated derangement in the 
metabolism of potassium. Such a possibility is suggested by the observation 
that the synthesis of protein is influenced by the availability of intracellular 
potassium.’ Since the fluid and electrolyte pattern in cirrhosis fesembles that 
found in subjects given the adrenocorticotrophic hormone, it appears probable 
that the metabolism of both sodium and potassium is altered.* 

The introduction of the radioisotopic dilution technique has provided a 
method for measuring the exchangeable potassium content in human subjects.’ 
The purpose of the present study was to determine the exchangeable potassium 
content in patients with cirrhosis of the liver, and the effect which the usually 
accepted dietarq. therapy would have upon this measurement. 4 

MATEIUALS 

Subiects. Thirteen hospitalized subjects, 11 males and 2 females, with a 
diagnosis of cirrhosis of the liver were studied; their ages ranged from 23 to 67 
years. Liver aspiration biopsy confirmed the diagnosis of Laennec’s cirrhosis 
in 9 cases and of biliary cirrhosis in one. In one patient Laennec’s cirrhosis 
was demonstrated at necropsy. In 2 cases no pathologic studies were done. ,411 
the patients showed clinical evidences of cirrhosis and had abnormal liver 
function tests. Four had ascites; the others had no apparent peripheral edema. 
None of the subjects has any evidence of renal disease. 

A high protein, high carbohydrate, low fat diet with vitamin supplements 
was the basic therapy employed. Strict sodium restriction was avoided during 

This work was supported in part by the U. S. Atomic En- Commission under a contract with 
the Bowman Gray school of llledicine and in part by a grant-in-aid from the American Heart Associ- 
ation. 
K4* was supplied by the National Laboratory, Oak Ridge, Tennessn, on alloestion from the 

V. S. Atomic Energy Commission. 
Submitted for ublication February, 1953. 

Research Fefow of the American Heart Association sponsored by the 20-30 International 
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the period of study, so that the pre-admission status of the patients could be 
more nearly simulated. 

Isotopes. Isotopic potassium (IC") was prepared for injection in the manner 
described by Corsa and his co-workers'. The subjects were given 100 micro- 
curies of Ka contained in 1.5 or 3 milliequivalents of potassium chloride solu- 
tion, depending on the age of the solution. 

METEODS 

Exchafigeable potussium (Ke). The initial determination of the ex- 
changeable potassium content (Ke-1) was performed as soon as possible after 
the subject's admission to the hospital. When possible, two or more determina- 
tions were done. 

The subjects received an intravenous injection of radioactive potassium by 
calibrated syringe between 7 :30 and 9 a.m. They were then asked to void and 
to discard this specimen; all urine voided thereafter until 7 a.m. the following 
day was collected and the K" content of the pooled specimen was determined. 
Determinations of the specific activity were made on two spot samples of 
urine obtained a t  8 and 9 a.m. the day after injection. 

The following formula was used to calculate the value for the exchangeable 
potassium content of the body: 

Ke 
Ki4? 
ko4' 

KuU 
KuSg 
KuU/Ruag = mean specific activity of the two spot samples. 

= quantity of exchangeable potassium in milliequivalents. 
= quantity of radiopotassium administered (arbitraq units). 
= quantity of radiopotassium excreted in the pooled specimen 

= concentration of radiopotassium in the spot samples. 
= concentration of nonisotopic potassium in the spot samples. 

Preliminary studies confirmed the observation of Corsa and his associates3 
that the spedic activity of ICu in the urine reached an equilibrium in disessed 
as well as normal subjects within 24 hours. The mean merence in specific 
activity between the two spot specimens, when expressed as percentage of the 
mean Ke, was 6.52 f 6.65 per cent.' In  this laboratory Re values are reproduc- 
ible within 20.2 per cent in normal individuals and in hospitalized subjects 
who are in a steady state.' 

Measurement of radioactivity. The activity of the urine and serum specimens 
was determined with a dipping tube and a scaling circuit. A total of 10,240 
counts was made on each sample. All counting rates were at least ten times 

of urine. 

# 

9 
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background, and were usually in the range of 500 to 3,000 per minute. At these 
counting rates, no correction for coincidence loss was necessary. All determina- 
tions were corrected for decay. 

Chemical determinations. The total inorganic sodium and potassium concen- 
trations in urine and serum were determined by flame spectrophotometry, 
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Interval in days after first Ke determination. 
tsubjects with ascites. 

Using the method of Mosher and his co-workers.s The total Serum protein, 
albumin and globulin concentrations were determined bv the method of Howe.@ 

RESULTS 

A total of 23 Ke determinations were made. Single determinations were 
obtained on 7 individuals. In the remaining 6 patients two or more determina- 
tions were made at the intervals specified in table 1. 

The reported range for Re in normal d e s  is 2770-4470 meq. with a mean 
of 3402 meq., or 35.643.6 meq/kg. with a mean of 46.3 meq/kg. (3). For 

. &' 
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normal females the range in one series’ was 1374-2164 meq. with a mean of 
1776 meq., or 25.1-35.9 meq/kg. with a mean of 31.5 meq/kg.; in another 
series,8 it was 28.0 to 47.2 meq/kg., with a mean of 40.7 meq k g .  
In the present study, all initial values for Re were below the normal range, 

with the sole exception of a female subject (case 8) in whom the initial absolute 
value was normal (fig. 1). In terms of Re/wt., however, this measurement was 
also below the normal range. When the subjects’ body weights were taken into 
consideration, all initial values (Re-1) fell below the normal means for their 
respective sexes. Both female subjects had initial Re/wt. values below the 
range found for normal women in either series. Three of the males (cases 7, 
12 and 13), including one with ascites (case 13), showed values in the lower 
normal range, while the remainder had values below the normal range. The 
lowest value for Re/wt. (16.7 meq/kg.) was found in the subject with the 

MALES FEMALES 

---- RAWBE 
I 

4000 t 
3000 

Kt 

MEAN I -  - 

e -  I 

t ---- 
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1000 
C I S R I I C T I C  CIRRHOTIC 

FIG. 1. Comparison of exchangeable potassium content of cirrhotic and n o d  subjects. 

greatest mount  of fat in the liver biopsy specimen; this patient (case 1) had 
no clinical edema, and his total serum protein concentration was normal. 

The values for Re,’wt. could not be correlated with the serum sodium or 
pota,ssium concentration, the total serum protein or globulin concentration, 
the duration of symptoms, the magnitude of weight change, or the degree of 
hepatic enlargement. In  all instances, however, the serum albumin concentra- 
tion was abnormally low (less than 4.5 gm. per 100 cc.). 

The results of the serial determinations of He have been plotted in figure 2. 
In the three subjects without ascites, the exchangeable potassium content rose 
signikmtly after treatment (more than 25 per cent above the baseline values) ; 
the three subjects with ascites showed no significant change. In all of the pa- 
tients who had repeat determinations, the body weight either decreased or 
did not change significantly during the period of study. 
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Significurtce of the exchangeable potussiuni content and its response to therapy 

These findings strongly suggest that an intracellular deficiency of potassium 
is a common occurrence in cirrhosis. While the low initial values for Ke in 
those individuals with ascites might be attributed to fluid retention, this ex- 
planation done would not account for the low values in those without this 
manifestation. A low Re might be attributed to depletion of the body store of 
protein, which is reflected in the clinical manifestations of weakness, weight 
loss, emaciation and hypoproteinemia. If, however, the low Re is due solely to 
a reduction in lean muscle mass, this value should not increase out of propor- 
tion to changes in body weight when an adequate diet is administered. The 
data indicate that in some instances (cases 6 and 7), a significant increase in 
Ke occurred before any change in the body weight was noted. In another 

+loo -- Subjwtr with otCitiO8 
- 

+ 00 - - S u b j ~ t t  without OrCltl.8 
Case number 

% CHANGE I N  +40 - 
Ke FROM 

- 2 0  - 
- 4 0 1 ,  I I I I I I , ,  I ,  I I ,  I ,  

2 6 IO 14 18 22 26 30 34 

DAYS AFTER INITIAL DETERMINATION 
FIG. 2. Results of repeat determinations of the exchangeable potassium content in six subjects 

with arrhosis of the liver. 

subject (case 9). the rise in Re was grossly out of proportion to a slight increase 
in body weight. Sone of these subjects had ascites. 

In the absence of renal disease, an increase in the exchangeable potassium 
content during therapy suggests the existence of a prior deficiency state. T a r d  
and Elkintong have shown that potassium is retained in the intracellular phase 
only when there has been a pre-existing deficit. Since none of the subjects stud- 
ied had evidence of renal disease, the rise in Ke may be ascribed to the correc- 
tion of a prior deficiency. This was accomplished primarily by an increase in 
the dietary potassium intake as hepatic function improved. The various other 
factors responsible for the increase in Re are not too clear. One patient (case 
6) had had an associated amebic colitis which responded dramatically to specific 
antiamebic chemotherapy; loss of potassium from the intestine was decreased 
as the dysentery subsided and his intake of food improved. 

In the three subjects with ascites (cases 11, 12 and 13), diuresis and a de- 
crease in the extent of the ascites caused the body weight to drop; however, 
no significant change occurred in the exchangeable potassium content. Two of 
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these subjects (cases 11 and 12) were given 3 gm. of supplemental potassium 
daily for six weeks without any effect on the Ke; both subsequently expired 
in hepatic coma. In the other subject (case 13) the initial Ke value was in the 
lower normal range. Despite the presence of ascites, his appetite had not been 
impaired and his weight had remained constant. 

Cirrhotic patients as a group have a lower serum protein concentration than 
normal subjects. The rate of turnover of iodinated human albumin is slower 
in cirrhotic patients with ascites than in those without this complication; this 
observation suggests that the presence of ascites is dependent to some degree 
upon the rate of synthesis of albumin (10, 11). This metabolic process may be 
dependent in part upon the availability of potassium, since it has been shown 
experimentally that in animals with a potassium deficiency the body weight 
does not increase, despite the administration of an otherwise adequate diet, 
unless potassium is also supplied.' In cirrhotic patients who lack a minimal 
amount of functional hepatic tissue, however, the correction of a potassium 
deficiency and even the intravenous administration of human albumin may 
not result in improvement. Such apparently was the case in patient 11. The 
limiting factor appears to be the quantity and the functional capacity of the 
surviving liver parenchyma. It appears that in cases 11 and 12, the amount of 
residual functional hepatic tissue was insufficient for the maintenance of life. 

The possibility that there might be a relationship between the relatively 
excessive sodium intake in patients with cirrhosis and the development of overt 
signs and symptoms of potassium deficiency has not been previously suggested. 
T h e  studies ai  Cannon and his co-workers on animals indicate that such a 
reciprocal relationship might exist. In the rat the effects of a.u experimentally 
induced potassium deficiency can be modified by altering the intake of sodium; 
when the sodium intake is lowered, the effects of the potassium deficit are 
minimized: and when the sodium intake is increased, the manifestations of 
potassium deficiency become more severe.' It is possible that the clinical im- 
provement produced by a low sodium diet in patients with ascites may be due, 
at least partially, to suppression of the effects of a prior deficiency of potassium. 
Although none of the subjects in the present series had hypokaliemia, it is 
known that a decrease in the serum potassium concentration and electrocado- 
graphic changes suggesting hypokaliemia may occur in cirrhotic patients with 
decompensation.l* Artman and Wise" have reported such findings in 25 of 30 
patients with hepatic decompensation. Studies in this laboratory have suggested 
that hypokaliemia does not develop unless there is a deficit of at least 25 per 
cent in the exchangeable potassium content." 

Previous studies 16 ,16917  have demonstrated disturbances in sodium, water 
and protein metabolism in patients with cirrhosis of the liver. The results of the 
present study suggest, in addition, the existence of a potassium deficiency of a 
magnitude which may be of clinical significance. 
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S L W R Y  

Determinations of the exchangeable potassium content (Ke) by the radio- 
isotopic method were performed on 13 subjects with cirrhosis of the liver, four 
of whom had ascites. Twelve of the 13 initial values were below the range found 
in normal subjects, and the remaining value was in the lower normal range. 
Repeat determinations were performed on 6 subjects. The 3 subjects without 
ascites showed a significant increase in Ke following a week or more of treat- 
ment with a high protein, high carbohydrate, low fat diet and supplementary 
vitamins. In the 3 subjects with ascites no significant change in Re occurred, 
even after the administration of an oral supplement of potassium. The results 
suggest that an intracellular deficiency of potassium is commonly present in 
cirrhosis of the liver, and that this deficit is not correctible once hepatic de- 
compensation has occurred. 
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BODY POTASSIUM LOSS DURING 
THERAPY WITH ACTH AND 

CORTISONE 
JERRY K. AIKAWA, M.D,* 

and r <  

JOHN H. FELTS, JR., M.D. 
WINSTON-SALEM, N. C. 

ACTH is a hormone produced by the pitui- 
tary gland. Its administration stimulates the 
adrenal cortex to produce hormones which 
affect diverse physiologic functions.. Corti- 
sone appears to  be but one of the hormones 
produced by the adrenal cortex. Its systemic 
effects a re  similar to those produced by 
,4CTH. 

When cortisone is administered therapeu- 
tically, this steroid acts as a substitute for  
the natural hormone. Both ACTH and cor- 

+ &*yI.r- 

tisone alter electrolyte metabolism, causing 
retention of sodium and excessive urinary 
excretion of potassium. For  this reason, a 
low sodium diet and the administration of 
supplementary potassium have been employ- 
ed as adjuvants to  therapy with either of 
these drugs? 
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Quantitative data on this effect are based 
on external studies of the electrolyte balance, 
which are indirect measures. Such studies 
have indicated that the loss of potassium 
during therapy with ACTH and cortisone 
exceeds the amount of nitrogen which would 
be lost as a result of the destruction of tis- 
sue cells(’“) Hence the potassium loss cannot 
be explained solely on this basis, and it ap- 
pears, therefore, that  an  absolute deficit of 
this cation is induced. The systemic effects 
of potassium depletion, such as muscular 
weakness, respiratory difficulties, and elec- 
trocardigraphic changes, are well known(? 

The availability of the radioactive isotope 
of potassium, K4?, has made possible direct 
measurements of the exchangeable potassium 
content of the body? For this purpose, a 
tracer dose of K i 2  is injected intravenously. 
After sufficient time has elapsed for the 
tagged atoms to achieve equilibrium with the 
native atoms in the body, the specific activity 
of the urine specimens is used to calculate 
the exchangeable potassium content of the 

By such a method, i t  has been found 
that the mean exchangeable potassium con- 
tent (Ke) in 30 healthy young adult males is 
46.3 milli-equivalents per kilogram, with a 
range of 35.6 to 57.1 milli-equivalents per 
kilogram(3). In 20 normal young females, the 
mean value is 31.5 milli-equivalents per kilo- 
gram, with a range o f  25.1 to 35.9 milli- 
equivalents per kilogram% 

The purpose of this report is to  point out 
the magnitude of the depletion in body potas- 
sium which can be caused by the adminis- 
tration of ACTH or cortisone. Four cases 
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studied serially by the radioisotope technique 
are cited. 

Case Reports 
Case 1 

A 66 year old woman was hospitalized for t r e a t  
ment of mild rheumatoid arthritis of four years' 
duration. During the seven day period of study, she 
received ACTH intravenously, 20 mg. daily, and 
potassium chloride orally, 3 Gm. daily. Exchange- 
able potassium (Ke) determinations were done on 
the first  and last days of the study. The results 
were as follows: 

Day of Study Weight Ke  Ke/Wt. 

1 51.1 1777 34.8 
7 49.0 1266 25.8 

Comments: This case reveals a striking 
decrease in the total body potassium (29 per 
cent of the initial value), despite supplemen- 
tary doses of this mineral. No signs or symp- 
toms of potassium depletion were noted. 

( Ks* ) (m-ea.) (m-eq./ICg.) c I 
I 

-r: 

Cuse 2 
Seven months prior t o  hospitalization, this 25 year 

old man had a sore throat, followed in two weeks by 
fever and polyarthritis. He was given cortisone, 
which he continued to  take in varyinn dosages, de- l 

., * 

pending upon the severity of his symFtoms. Dietary 
sodium was not restricted, and no supplementary 
potassium was prescribed. Within six months the 
body weight increased 45 pounds. Three weeks prior 
to hospitalization, he now- hand _ I  pigmentation/$ 
the nails. 

Physical examination on admission revealed acne, 
"moon" facies, a "buffalo hump," and the fat dis- 
tribution typical of Cushing's syndrome, The tem- 
perature was 101 F. Marked improvement in the 
arthritic symptoms was observed when the patient 
was given salicylates. Hormone therapy was stop- 
ped. No supplemental potassium was administered, 
but the patient was placed on a liberal diet which 
contained approximately 3 Gm. of potassium per 
day. He was hospitalized for 15 days. Two months 
after discharge, he was symptom-free, and the signs 
of cortisone intoxication had disappeared. 

Hwm- I -I' r** ~ c*p ~ **-- 
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Day of Study Weight Ke Ke/Wt. 

1 (Second 87.7 2340 26.7 

6 85.4 2256 27.6 
14 85.0 2966 34.9 

(Kg.) (m-eq.) (m-eq./Kg.) 

hospital day) 

Case 8 
A 33 year old man began to  have chills, fever, 

polyarthritis, cardiomegaly, and anemia in Febru- 
ary, 1961, three weeks after a streptococcal phar- 
yngitis. While hospitalized elsewhere, he received 
both ACTH and cortisone. In the early part  of 
March, 1961, he was given oral cortisone, 100 mg. 
daily, which he continued without sodium restriction 
o r  potassium replacement until he was admitted to 
the North Carolina Baptist Hospital late in August. 

Physical examination revealed acne, “moon” faci- 
es, and a cervical f a t  pad. The blood pressure was 
150 over 94. Both knee joints showed effusion. The 
arthritic symptoms responded promptly to salicyl- 
ates and aminopyrine, Hormone therapy was discon- 
tinued. and he was given a liberal diet. No added 
potassium was prescribed. 

0 

Day of Study Weight l ie  Ke/Wt. 

1 (Second 69.6 2099 30.2 
(Kg.) (m-eq.) (m-eq. / Kg. 

70.2 2302 32.8 
hospital day) 

r 
I 

Comment: In these two patients, marked 
potassium depletion was present following 
unregulated cortisone therapy. In neither 
case had i t  progressed to the point where 
clinical signs of potassium deficiency were 
recognizable. Following withdrawal of hor- 
mone therapy, the body promptly began to 
make up the deficiency from the diet. 

A male painter, aged 56, was first admitted to  
the North Carolina Baptist Hospital in 1948 because 
of exfoliative dermatitis of undetermined etiology. 
At  tha t  time local and supportive therapy produced 
a remission. He was admitted for the second time 
in July, 1950, in a moribund state following a re- 
currence. Treatment with AC=g d 
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duced marked improvement. Whenever the drug was 
temporarily withheld, evidences of recurrence ap- 
nenrd.  and i t  was necessary t o  maintain him on 

Q the next five months. Additional 

ecember, 1950, his dermatitis was ade- 
quatEly controlled by cortisone, 50 mg. daily. He 
was told to continue his potassium supplement, and 
was given directions for  a low sodium diet (less 
than 2 Gm. daily). He was seen monthly in the 
outpatient department, and aside from “moon” 
facies showed no visible sign of cortisone intoxica- 
tion; no dermatologic symptoms or signs developed. 

After eipht months on cortisone, he was readmit- 
in preparation for the 

followirk schedule: Day 1, 20 mg.: d a y s  2-8, 40 

K e  studies.were as fdlows! 

Weight Ke Ke/\.lit. Day of Study 

7 $9.1 3439 43.5 
14 77.3 28.56 36.9 

Commeyit: In this instance, it appeared 
that moderate dietary sodium restriction and 
the administration of supplementary potas- 
sium over a long period of time provided 
adequate substitution therapy. The increase 
noted in the second Ke level, followed by a * @ decrease on the third determination, suggests 
suppresaiQn of adrenal cortical activity due 
to the administration of cortisone. This ef- 
fect became evident when cortisone was with- 
drawn and was counteracted when the full 
effect of ACTH on the gland was realized. 

%. . -. 
5 
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7 Disczission 
Ir* Although data pertaining to electrolyte 
~ d ~ e t s b o l i s m  & .  * - -  during long-term therapy with 

1 W cortisone are limited, external bal- 
-A. . urinary ‘es have show- 
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excretion of potassium is increased. The 
magnitude of the depletion of body potassium 
in case 1, as measured by the K42 method, 
was greater than had been anticipated from 
previous external balance studies. A deficit 
of 511 milli-equivalents (29 per cent of the 
initial value) developed in six days, despite 
the administraton of a total of 200 milli- 
equivalents of supplementary potassium. 
These figures illustrate the potential magni- 
tude of the deficit which may be induced 
even when a patient is receiving what is 
assumed to be adequate replacement of potas- 
sium. Case 4 illustrates that an individual 
may be maintained in potassium balance 
during long-term therapy with ACTH or 
cortisone if the intake of sodium is adequate- 
ly restricted (to less than 2 Gm. daily) and 
potassium supplements are given. 

Similar. studies in other subjects with po- 
tassium depletion indicate that a deficit of 
slightly more than 29 per cent of the normal 
body content may result in the sudden de- 
velopment of clinical symptoms and signs of 
potassium deficiency. The loss of body potas- 
sium of the magnitude demonstrated in these 
4 cases, although not productive of symp- 
toms, may potentially be very harmful. 
Alarming symptoms and signs may appear 
if the depletion is permitted to  progress 
untreated. 

r 

.)I - -  
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Summary and Conclusions 
Serial determinations of the exchangeable 

potassium content, as measured with a ra- 
dioactive isotope, were performed in 4 pa- 
tients during and after therapy with ACTH 
and cortisone. The data reveal a striking 
depletion in the body’s store 
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STUDIES WITH IODINE-TAGGED 
.4LBUMIN IN CIRRHOTIC PATIENTS* 

By MALCOLM P. TYOR, M.D. 
and 

DAVID CAYER, M.D. 
Winston-Salem, North Carolina 

* 

Patients with cirrhosis of the liver show 
alterations in many metabolic functions. In those 
patients who develop ascites one of the chief 
factors is believed to be the lowered concentra- 
tion of serum albumin, since the albumin fraction 
is known to be the one which a r t s  the greatest 
intravascular osmotic attraction. 

Many investigators have demonstrated a cor- 
relation between the presence o i  ascites and a 
lowered serum albumin level in cirrhotic pa- 
tients.' * It has been suggested :hat the prognosis 
in patients with cirrhosis is directly related to 
levels of albumin and other protein irac- 
tions.' Several observers ha.:? adrnini5:ered 
larqe amounts of human sex:.. ahurnin up to 
1.000 grams over a six-month ; + r i d  io pa!ientz 
with portal cirrhosis and ascites, and have studied 
:he long-range eiiects.' 0 a Sone  of these investi- 
gations allowed obsenations on ine rate at  which 
protein molecules are utilized or move about. 

The body proteins are in a dJ-narnic state.3 
Urinary nitrogen determinations furnish an index 
to the day-to-day utilization of dietary protein. 
Serum protein levels, when foliowed over long 
periods, may serve as an indication of the over 
all protein metabolism. These studies reflect the 

. -  

*Read in Section m G&strocnterolom. Sathem Mrdical A x m i +  
tion. Forty-Fifth Annual Meetiag. Dallas, Tuas. Sovember 5-8. 
1951. 

*From the Department of I n t a d  Medicine. Bowman Gray 
Scbwl of Mcficine of Wake Forat  Cdlqc n d  the North Carolina 
Baptut Hosptcal. WinrtonSllem. Natb C.IC.IC.IC.IC.IC.IC.a. 

'Tbk investigation w a  supported in pan by Lbe U. S. Atomic 
Energy Cornmhion under a conuact with the Bowman Gray School 
of Mediae. and in put by a r u u r c b  m o t  from the dividon 
of RevYcb Grants and Fellowships of the National Institutes of 
Health. U. S .  Public Health Service. 

balance between the synthesis and breakdown of 
protein. I t  now appears that within the total 
protein content of the body there is an exchange 
between the cellular protein, that being synthe- 
sized, utilized and in the circulation. The plasma 
protein represents the labile exchange medium of 
the body's total protein pool. 

Extensive experimental study has indicated 
that the liver is the chief source for the forma- 
tion of plasma proteins.9 10 I 1  This deduction has 
been supported by clinical studies in patients with 
liver disease.'* Evidence has been produced to 
show that, in dogs, the mass of protein in the 
extravascular, extracellular fluid is approximately 
equal to the proteins in ~irculation. '~ In human 
patients with cirrhosis of the liver clinical re- 
covery may be amelated with the ability to 
maintain a normal total circulating a l b ~ m i n . 1 ~  
The total circulating albumin seems to be a re- 
flection of the body's total store of labile albumin. 

Human serum albumin may be "tagged" with 
radioactive iodine (P) and injected inte the 
body in very small amounts to s e n e  as a tracer.Is 
This permits dilution oi negligible, yet detectable 
quantities of albumin with the body pool without 
altering homeostasis, and is a method by which 
the metabolism of native albumin can be meas- 
ured and labile stores estimated. 

MATERIALS A S D  METHODS 

In  :he presen: study. a tracer dose oi tagged 
human serum aibumin" $vas Injected into 11 
control patientst without liver disease (Group l ) ,  
7 cirrhotic patien:s iC,;ou;> 2 )  without ascites, 
and 5 patienrs with portal cirrhosis and ascites 
i Group 3) (Table 1 j . Diuretics and parenteral 
tluids were not administered before or during 
the study period. Patients with ascites were 
studied before paracentesis. 

The degree of radioactivity in the serum was 
determined at 24,48 and 7 2  hours after injection 
of the tagged albumin. 

The plasma volume was determined from the 
degree of radioactivity after 10 to 15 minutes 
was allowed for intravascular mixing. This 
- 

.The tagged buman r m m  albumin w u  obUined thm& the 
court= of Dr. D. L. Tlkra of the Rdioactive Phmaceutiulr 
Department of Abbott Ldmratoria, Nonb u. Illiiois. 

tThe opportunity to study eight 01 the patients in the control 
COUP was made porSalc thp@ the Swperation of Dr. E. C. 
Harper, Chief Medical Officer. and his staff at &e Veterans 
.4dministration Center, Mountain Home. Tennessee. 
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One dead with 
hemorrhage i others 
living and improved. 

period has been found to be sufficient for equili- 
bration within the vascular cornpartrnent.16 The 
serum albumin concentration was measured by a 
standard chemical method (Kjeldahl). The total 
circulating albumin was calculated from the 
plasma volume and the serum albumin level. 

In a previous study in human patients it was 
found that significant radioactivity without al- 
buminuria was detectable within three hours fol- 
lowing the intravenous injection of tagged 
albumin.I6 This finding was interpreted as evi- 
dence that demonstrable catabolism of the in- 
jected albumin molecule had occurred. In order 
to use the concentration of tagged albumin-in the 
serum as an index to the rate of metabolism of 
albumin, i t  was necessary to allow tagged mole- 
cules to reach a state of equilibrium with the 
body pool. It was found that a period of 24 to 
48 h u m  was required for equilibration between 
the serum and the ascitic fluid in the patients 
with cirrhosis and ascites. The decrease in the 
serum level of tagged albumin between the 48 
and 72 hour determinations was therefore used 
as a n  index to the rate of metabolism. 

RESL-LTS (Table 2 )  

There 7x35  no aigniiicant difference in the 
mean plasma 1.olumes of the three groups. 

The serum albumin concentration in both 
group:: o i  cirrhotic patien!? was significantly re- 

Cirrhosis 
without 

Ascites 

nI. 
Cirrhosis 

with 
Ascites 

duced as compared with the controls. The al- 
bumin Ie\.el in the group with ascites was also 
signiiicantly lower than that in the group of 
cirrhotic patients without ascites. 

In the patients with cirrhosis and ascites the 
total circulating albumin was significantly less 
than the values found in cirrhotic patients with- 
out ascites. In Groups 1 and 2 the meaa values 
for circulating albumin were comparable. 

During the first 48 hours the rate of dissppear- 
ance of the tagged albumin from the vascular 
compartment was similar in the three pups. At 
45 to i? hours, however, the rate of dkappearance 
in the patients with cirrhosis and asci& (Group 
3 )  was significantly less than that in the otber 
two groups. A typical curve from each group is 
seen in Fig. 1. 

COMMENT 

The reduced rate of disappearance oi the in- 
jected tagged albumin from tbe VBSCBLT com- 
partment in the patients with portal cirrhosis and 
ascites is interpreted as indicating a slower rate 
oi albumin metabolism in these patients. 

The reduction in the serum albumin concen- 
tration of cirrhotic patients confirms the observa- 
:iop: c)! ather investigators.[: Of further sig- 
niiicxce is the decrease in the serum albumin 

7 8 4 3 
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No. No. 
of of 

Group Pts.  Det.  Males Females 

after study. 
One unknown. 

Follow up &I e -L-i 21-44 All living and well. 

4 dead 2-4  weeks 
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bumin. In the patients with cirrhosis and ascites, 
however, this value was significantly reduced 
indicating depletion of albumin stores. 

During the 7 2  hours in which the patients were 
studied, there was no detectable alteration in 
body homeostasis. The reduction in the serum 
albumin concentration, the total circulating al- 
bumin, and the rate of albumin metabolism in 
the patients with ascites would suggest a decrease 
in the synthesis of albumin. 

The data presented are consistent with the con- 
cept of a labile protein reserve, which has been 
depleted io patients with portal cirrhosjs and 
ascites. It b k l t  that the reason for the depletion 
of this store is a reduction in the rate of albumin 
synthesis. When the labile stores of protein are 
depleted, the homeostatic mechanisms regulating 
the distribution of body fluids ,are altered, and 
ascites develops. Our data suggest that the defect 
in albumin metabolism is af-primary importance 
in the pathogenesis of ascites, although factors 
such as portal hypertension, alterations in dec- 
trolyte metabolism and the possible influences 
of endocrines and lymphatics are significant and 
contributory. 

The patients with ascites had a uniformly poor 
prognosis. Four died within six weeks after the 
study. The lower rate of albumin metabolim in 
ascitic patients. as compared to that of cirrhotic 
patients without axites nould appear to indicate 
that albumin metabolism proceeds at  a con5tant. 
relative!!. normal rate, despite inipairnicnt or 
other less vital liver iunctions. until the terminal 
stages of liver disease. 

SL>lU.IRY 

Following the injection of tracer amounts of 
albumin tagged with I1j:, the plasma volume, 
serum albumin concentration, total Circulating 
albumin, and rate of disappearance of albumin 
from the vascular compartment (albumin metab- 
olism) were determined in patients witbout liver 
disease and in cirrhotic patients with and with- 

The Serum albumin concentration of cirrhotic 
patients, with and without ascites, is significantly 
reduced. 

out ascites. * -  

In  patients with cirrhosis and ascites the levels 
of serum albumin and total circulating albumin. 
as well as the rate of albumin metabolism were 
signiiicantly less than those of patients without 
liver disease or cirrhotic patients without ascites. 

These data demonstrate that depletion of 
labile albumin stores can be correlated with the 
presence of ascites, and suggest that albumin 
metabolism proceeds at a constant rate and is 
demonstrably altered only in the terminal stages 
of liver disease. 
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THE SIGNIFICANCE OF THE R4DIO- 
SODIUM SPACE IN HUMAN DISEASE* 

A COIbARISON WITH THIOCYANATE SPACE 

By JERRY K. AIKAWA, M.D.' 
Winston-Salem, North Carolins' 

Clinicians have long recognized the occurrence 
of edema during the course of such varied and 
seemingly unrelated disease processes as con- 
gestive heart failure, nephritis, chronic malnutri- 
tion, cirrhosis, toxemia of pregnancy, myxedema, 
infectious mononucleosis, Serum sickness, tricb- 
inosis, pneumonia, and Rocky Mountain spotted 
fever. 
indication that the distribution of body fluids 
has been altered. Although various substances 
have been used in the past to determine the 
magnitude of the edema, no single substance has 
been found which is thought to give a true index 
of the extracellular fluid volume. The purpose 
of this paper is to discuss briefly the clinical 
significance of quantitative determinations of the 
evtracellular fluid space. and to present the re- 
sults of a comparative study of two methods for 
measuring this space, one employing a positively 
charged ion. radiosodium. and the other, a nega- 
tively charged ion, thiocyanate. 

'Ibe p m c e  of edema is obviouslv an 

NORV4L 4VATOMIY 

By weight, approximately 70 per cent of the 
adult human body is composed of water. For 
example, an average man weighing 155 pounds 

or 70 kilograms will contain about 49 liters of 
water. Roughly, two-thirds of this volume. or 
34 liters, is intracellular. The remaining 15  liters 
is extracellular, being distributed between the 
vascular and interstitial fluid spaces. The inter- 
stitial fluid space contains three times as much 
fluid as the vascular compartment ( F i g .  1 ) . The 
composition of the blood plasma differs from that 
of the interstitial fluid primarily in its greater 
content of protein (Fig. 2 ) .  

Some of the characteristics of the internal 
environment are well known. Tbe sodium ion is 
the predominant cation in the extracellular fluid, 
and is normally maintained at a concentration of 
about 142 milliequivalents per liter. The potas- 
sium ion is located principally in cells, only 5 
milliequivalents per liter being present in the 
extracellular fluid. One of the greatest unsolved 
mysteries in biology today is the mechanism 
whereby the differential concentration of sodium 
and potassium is maintained by the tissue cell 
membrane. 

Sodium is such a ubiquitous ion. and the 
solubility of its salts is so great and their ioniza- 
tion so rapid that, until recently, it was difficult 
technically to determine its concentration in 
biologic fluids. By the use of flame spectro- 
photometry. this obstacle has been largely over- 
come. It is now possible to measure with relative 
ease the concentration of sodium and pota::' --wm 
in a solution. 

I i  based on measurements of concentrations 
alone. homc\.ar. conclusions as to the nature of 
the ph!.sioIogic processes involved may he erro- 
neous. The volume of a space. as well as the 
concentration of a substance within that space, 
must be known in  order to calculate *e total 
quantity of the substance present, and to deter- 
mine whether an absolute insufficiency or excess 
exists. 

Methods of Determininr the Extracellular - 
* R a d  in Section on Sfedicinc. Southern JIrdical Association. 

Forty-Fourth Annual Meeting, St. Louis, S I h u r i ,  November 
13-16, 19SO. 

*Fmm the Department of Internal Medkinc. G n y  
S&a$ of Medicine of wake Forest Coticgr. Winsron-%Iem. North 
CPdlIi.. 

&rnm&on under 1 contmct ritb the Bo=- Gray school of  
Medicine. 
*Tbt N." usld =U supplied by the Nationd Laboratow O.L 

Ridge. Tcnnaw.  OD allocation from the U. S. Atomic & e w  
Gnnmisim. 

tAEC Fellow in the \IedicaI Sciicnces of the Satimal  Rcwuch 
Council. 1948- 1950. 

Fluid ''dzdnU?.-ln principle, the method of de- 
termining the extracellular fluid volume is a 
simple one. A known quantity Of a substance 

.invatiplion "U ,,,ppor!ed ", s. EnerM is injected intravenously and its concentration 
in the blood is measured after sufficient time has 
elapsed for the substance to R d J  q u f i a n u m .  

. b y  substance which is employed to measure 
extracellular fluid volume should meet the fol- 



lowin 

SOUTL~~RN MEDICAL JOURNAL 

requirements: (1 )  it must not cross the made available for measur 
cell membrane barrier, or must do so very jlowly; 
( 2 )  it must be nontoxic when injected intra- 
venously in the necessary amounts; (3)  it must 
diffuse rapidly in the extracellular fluid space 
and must quickly attain a state of equilibrium 
with the native ions; (4) there must be an 
accurate and simple method for its quantitative 
measurement. 

In the past, the following agents have been 
used for this purpose: chloride, bromide, thio- 
cyanate, thiosulfate, sucrose, inulin, and man- 
nitol. W~th the aception of chloride, pone of 
these substances is normally present in the human 
body. The substance which has been most fre- 
quently used in clinical investigation has been 
the thiocyanate ion. However, it is stated that 
in certain pathologic conditions the thiocyanate 
space approaches the calculated total amount of 
body water;' consequently it has not been 
thought to be a true index of extracellular fluid 
volume. 

L'SE of Radiocrctix Sodium.--\Vith the intro- 
duction of artificial radioactive isotopes, an in- 
valuable and physiologic substance has been 

mer of the el ra - 
cellular fluid space. Isotopes are atoms of the 
same atomic number and containing the same 
number of valence electrons, but differing in 
atomic mass from ordinary atoms. 

FLU ID COMPARTMENTS 

One method for producing radioactive sodium 
is to bombard NaZ3 with neutrons, as is done 
in the nuclear reactor at Oak Ridge (Fig. 3). 
An additional neutron is crowed into some of the 
Na23 nuclei, and an unstable radioactive isotope 
(Naz4) is thereby formed. NaZ4 changes to a 
stable state by transmutation into an atom of 
Mg.2' In the process a beta my is emitted aod 
the residual excess nuclear energy is dissipated 
as gamma rays. The Geiger-Mueller tube is used 
to measure the ionizations produced by these 
radiations and to determine thereby tbe amount 
of isotope present in a sample. 

I t  should be e m p h a s i i  that the difference 
between Na23 and NaZ4 is a purely physical one, 
an extra neutron in the latter. The chemical 
characteristics of an atom are determined by the 
orbital electrons : the chemical properties of NaZ3 
and NaZ4 are therefore identical. NaZ4 fulfills 
all the criteria necessary for the measurement of 

OF THE HUMAN BOOY 
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h+ 

a volume occupied by the ordinary sodium atoms. 
Since it is chemically indistinguishable irom ordi- 
nary sodium atoms, its metabolism in the organ- 
ism will be the same as that o l  Na“ and it will 
be uniformly diluted among the nonradioactive 
ions. Another longer lived radioactive isotope, 
Na,22 which is produced in limited quantities in 
the cyclotron, has been used by Reaser and 
Bur& in investigations on congestive failure. 

In measuring the extracellular fluid space with 
Na,” a tracer amount of a sterile solution of 
sodium carbonate is given intravenously. After 
an interval of 3 hours, a sample of blood serum 
is drawn and a Geiger-Mueller counter-% used 
to determine its content of the isotope. 

There are certain disadvantages and hazards 
which preclude the routine use of this method in 
the office or in most hospitals: 

H PO4 - 

- 
so+- - 

( 1 )  NaZ4 decays very rapidly, having a half- 
Me of 14.5 hours. (That is, in a solution con- 
taining a certain number of radioactive atoms, 
one-half of this number would have disintegrated 
into stable magnesium in 14.8 hours; in the next 
14.8 hours, one-half of the remaining quantity 
would have decayed, and so on.) I t  is then 
obvious thot geographic proximity to the source 
of supply and a dependable and rapid method 
of transport of the isotope to the laboratory are 
essential. 

( 2 )  NaZ4 emits high energy beta and gamma 
rays; these create potential and unaooidable 
radiahn hazards to the laboratory personnd and 
to the patient unless proper precautions are used. 

(3) The shielding and protective equipment 
necessary for the safe use of even tracer doses 
of high energy isotopes is upensivc 

IONIC COMPOSITION OF THE FLUID COMPARTMENTS 
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The hazards of external radiation to those 
handling tracer doses of radiosodium are mini- 
mal, provided proper technics are employed. The 
harmful effects of radiation to the patients can 
be minimized by using the smallest dose neces- 
sary to obtain statistically significant counting 
rates. I t  has been calculated that the injection 
of 1.3 microcuries of radioactive NaZ4 per kilo- 
gram of body weight delivers a total body radia- 
tion of about 0.1 r. over an effective period of 
about two days, when both the beta and the 
gamma rays are assumed to be entirely absorbed 
within the body.' The accepted limit of tole- 
for continuous irradiation is 0.3 r. per-week; 
hence, from the standpoint of radiation h a r d  
to the patient, it is safe to use tnrcer doses of 
2 to 3 microcuries of radioactive sodium per 
kilogram of body weight and to repeat them a 
few times at reasonable intervals (two weeks to 
two months). 

I t  is then apparent that it would be impractical 
to use radiosodium in routine determinations, or 

even for prolonged clinical investigations. How- 
ever, by making simultaneous determinations of 
the thiocyanate space and the radiosodium space 
in normal and abnormal states, and comparing 
the result, it should be possible to determine 
whether the thiocyanate method is a valid meas- 
ure of the distribution of the sodium ion. If so, 
the technically simpler thiocyrarrte wthod can 
be used for routine determinations of tk extra- 
cellular fluid space and the isotopic tai& re- 
served for special studies. 

C O M P A M m  CLINICAL STUDIES 

Simultaneous determinations of the radio- 
sodium and thiocyanate spaces have sbom that, 
following their intravenous injection, Na" and 
the thiocyanate ion disappear from fk'W 
serum rapidly, and at ptad idy  the same rate, 
up to the third hour (Fig. #). A b  tbt third 
hour, the rate of disappearance of r a d i d u m  
from the Mood stream is considerably slower 
thn before. Kaltreider, Mmdy, Mar rod 

THE PRODUCTION AND DECAY SCHEME r OF RADIOSODIUM - 24 
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Bale' have shown that in normal individuals the 
comparative values for the thiocyanate and radio- 
sodium spaces are practically identical, when the 
calculations are based on the three-hour samples. 
Although it  is not established that either the 
radiosodium or the thiocyanate ion in the extra- 
cellular fluid has reached complete equilibrium 
at three hours, the data show that the two sub- 
stances measure an identical volume of fluid at 
that time. The question of whether there is sub- 
sequent diffusion of sodium into a larger space 
after the first three hours is beyond the scope 
of the present discussion. 

I t  was not known whether the twi  values 
would be comparable in individuals in pathologic 
states. In an effort to clear up this point, we 
have to date performed a total of 32 simultaneous 
determinations of the thiocyanate and radio- 
sodium spaces in 20 patients with such varied 
clinical conditions as hypertension, diabetes, 
myxedema, toxemia of pregnancy, serum sick- 
ness, rheumatoid arthritis, disseminated lupus 
erythematosus, typhoid fever, arteriovenous fis- 
tulas, and exfoliative dermatitis (Tnble 1 ) .  

In the three-hour samples the mean thiocyanate 
space was found to be 17.3 liters; the mean 

sodium space was 17.4 liters. The mean differ- 
ence between the simultaneous determinations of 
the thiocyanate and radiosodium spaces in each 
individual was 0.069 liter, and the standard error 
of the difference was 1.46. In normal individuals, 
the standard error was considerably smaller. It 
is apparent from these experiments that, although 
the mean difference between the thiocyanate and 
the radiosodium space is slight in both normal 
and abnormal states, there is considusbly greater 
variability in diseased states. The factors which 
may be responsible for the variabiity in the 
different disease processe~ are being investigated. 

SISIVLTANEOUS DETERILIPIATIONS OF IUDICSODIUM 
AND THIOCYANATE SPACES IN NORMAL 

AND DISEASED STATES 

NormaP -- 9 19.1 19.0 .M4 0.16 
Diseljed stale ..32 17.4 17.3 ,069 1.46 

*From Kaltrcidcr, >lcNeely. Allen, m d  Bde. 

Table 1 

COMPARATIVE DISAPPEARANCE CURVES OF RADIOSODIUM 

AND THIOCYANATE IN DISEASED STATES 

A-A Sodium Spoce 
0 - - 0 Thiocyonote Space 

Volume 
( l i te rs )  

I I 

IO" 30" I '  2' 3' 5' 

Time after,, injection 
FL. 4 

The figurc i l lusvlla the voluma of the d i u m  and the thiocyanate spaces determined simultaneously from sorill serum lvmpla 
in three reDresmtativc casz 
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It therefore appears, from the available data. 
that the thiocyanate iun measures a volume of 
fluid which for practical purposes is comparable 
to that measured by the radiosodium ion. The 
radiosodium method is the more physiologic of 
the two for the measurement of the extracellular 
fluid space. Because the results obtained by the 
two methods vary more widely in diseased than 
in normal states, both methods should probably 
be employed in critical investigations. 

THE VALUE OF STUDIES ON THE DISTRIBUTION 
OF BODY FLUIDS 

The methods now available for studying atera- 
tions in the distribution of body fluids may not 
be directly applicable to practice at  present, ex- 
cept in a few instances. Direct measurement of 
the blood volume may be of value in the therapy 
of congestive heart failure and in states of cir- 
culatory collapse and shock. In patients with the 
low salt syndrome, determinations of the serum 

sodium concentration, which is at present esti- 
mated indirectly by the serum chloride deter- 
niinatiuna would be of value. The problem of 
potassium deficiency in diabetic acidosis and in 
diarrhea was presented in this Section two years 
ago by Nicholson and Spaeth.6 

The fundamental physiologic  mechanisms 
which may be clarified by studies on the distribu- 
tion of body fluids may have a direct bearing 
upon the understanding of disease processes and 
on therapy in the future. To date, no satisfactory 
method has been devised for measuring directly 
the volume of the intracellular compartment, the 
largest pool of water in the body. In all  prob- 
ability, the state of hydration of the cells them- 
selves is of much greater significance than the 
extracellular fluid volume, or the concentration 
of ions in it. An indirect method for measuring 
this volume can be employed' by determining 
the difference between the tritium, deuterium and 

THE EFFECT OF THYROID HORMONE ON THE 
DlSTRJBUTlON OF 60DY FLUID IN MYXEDEMA 
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antipyrine space and the volume of  the extra- 
cellular fluid space. 

The following case oi myxedema includetl in 
our series illustrate- h e  type of information 
which may be derived from studies on the distri- 
bution of body fluids. 

In  myxedema, the thickening of the skin is 
thought to be due not to true edema, but to the 
deposition of a semifluid albuminous substance. 
Serial determinations of the plasma volume and 
of the thiocyanate and radiosodium spaces were 
made during the course of thyroid therapy in a 
woman with frank untreated myxedema ( F i g .  5). 
During the first two months of thera6y a pro- 
gressive decrease in body weight was paralleled 
by a decline in the radiosodium space. The cor- 
relation was so good that it is hard to escape the 
conclusion that the initial elevation of the radio- 
sodium space was due to edema fluid. The cor- 
relation between the changes in weight and thio- 
cyanate space was not so good. As is usually 
the case in this disease, the total blood volume 
and the plasma volume were low prior to therapy, 
and rose to normal lelels during the course of 
treatment. 

S C M J M R T  

Most of the substances ivhich have been used 
in the past to measure the extracellular fluid 
space are foreizn to :hr hod!-. Since radiuactive 
sodium. Sa.'J is chemcaily identical with ardi- 
nary $odium, Sa.:' the mt.tahnlism ancl dktribu- 
tion of the two substances in the body should 
therefore be the same. 

Simultaneous determinations oi the rhiucy- 
anate and radiosodium spaces were performed in 
individuals with various abnormal physiologic 
states. Although there was considerable varia- 
bility in the individual cases. it was found that 
the mean volume of fluid measured by the two 
ions in the three-hour samples agreed very closely. 
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I)ISCI'S5TQS : . A  ht t rac t  I 
Dr. G t . o r g ~  T .  Horre l l ,  U'inrton-Soltm, .V. C.-The 

studies done by Dr. 3ikaa.a employ an isotope dilution 
technic. By injecting a known amount of the radio- 
active substance and then determining its concentration 
in a sample taken after mixing, the total quantity of 
that particular substance can be estimated. Under cer- 
tain conditions, where diffusibility of the isotope is free, 
the distribution and total body content of the material 
in the body can also be measured. Since the salt is ' 
injected intravenously and subsequent measurements are 
made on samples of blood, the fluid space estimated by 
the degree of dilution and rate of disappearance from 
the blood must be mtravwular .  This space is assumed, 
on the basis of other investigations, to be predominantly 
extracellular in the normal individual. 

Other isotopes which might be used in an attempt to 
check the size of the fluid spaces estimated by Dr. 
Aikawa are the isotopes of potassium, phosphorus and 
bromine. Chlorine would be a highly desirable isotope 
to  use, since it is freely diffusible and is normally found 
both within and without cells, but the half-life is so 
very short that its use is impractical. Alteration in the 
extracellular rinterctitial\ fluid space in pathologic pro- 
cesses mny al:n be estimated by measuring the rate of 
dirappzarance of various sued protein molecules tagged 
with radioactive iodine. A s  the defect in capillary 

wi:h the severity and type of the 
ation, larger and larger molecules 

would be lost from the circulation. A ereat technical 
diiiiculty involved in  experiments of this type is the 
accurate measurement of the m a l l  amounts of radiation 
which can be tolerated b! the h.irnin body. Further 
,?e\ elnpment of the rcintii!Ation counter. xvhich 15 now 
b:~ Q: -h<>tin by i C2;iiCrrnia group i n  ihe portion of the 
scientific exhibit devoted to medicine, give- promise o i  
solving this technical p rnbkm.  

Dr.  .Aikarvs did not i . i \ . e  time to discus separately 
each diseace p r o c e s  he has rtudied. The variations noted 
are appniently not due !n diiierences in individuals; 
it should be stressed that the alterations seem to be the 
result o i  the disesse processes. When ordinary chemical 
technics are used, it has been found that in pneumococcal 
lobar pneumonia the blood chlorides are low while the 
blood volume is increased. In Rocky Mountain spotted 
iever, as  has been reported beiore this Section in the 
past. the blood chlorides arc also low but the blood 
volume is decreased rather than increased. In  con- 
gestive heart failure sod~um is retained, though it is 
not  yet completely dear abether the total amount of 
potassium in the body is also increased. In  diabetes both 
sodium and potassium are lost from the tissues. It is of 
interest that this afternoon in the Section on Pathology 
a group from Oak Ridge is discussing the effect of 
irradiation on the permeability of capillary walls and 
hence on the plasma volume. 

I n  spite of  the intensive investigations of this general 
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problem. the knowledce of what goes on within cells 
is still f r a ~ m r n t s r y  No  technic is available by which 
direct measurements o i  the intr.icellulnr environrnen! 
can be made. The r.iri~,,-iutocr.iphic: iechmc.  xhen it 
can be applied, gives R qualiti!ive or  ;emi-qu.in!it~ti\ e 
approach to the problem E u c t  iniormJtion on the 
hydration and ionic concentration of salts within cell.; 
is a very vital matter, since thew factors 3re known to 
affect the function of enzyme systems on which life 
itself depends. 

The basic studies of research groups such as Dr. 
Aibwa's  are thanklm,  laborious and often dangerous. 
Such studies, however, are necessav if we are to obtain 
basic fundamental scientific knowledge. Only on such 

a foundation can our ultimate objective be reached, the 
irnp:"rrncnt in therap\ o i  hurn.in diserse through the 
untfcr~t. indin,-  of the niechdnisms by which illness i: 
produced. 

C ) u i i f r o n . - h d  !ou determine the activity o i  the 
edema fluid in the patient with myxedema? 

Dr. .4ikawa (dosing).-In reply to question, we made 
no attempt to collect edema fluid. This preliminary 
study was intended to be merely a survey of the com- 
parative values for the radiosodium and thiocyanate 
spaces in indviduals with various pathologic physiologic 
states. .i more comprehensive study is now in progrw.  

e 
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m: The l a b o n t o r y  a~ p r o t l o u r l ~  o o ~ r t r u o t r d  lur  proved In uuo 
to ba rory nti r f re tory.  Ilo atmxqme hato boon w d o  i n  the doriga or aomtrra- 
tloa of the l rbo ra to ry .  ‘tb.rr3rt’a-r of oquiprmt pmvimoly  purobrnd 
h v o  prwd quit. u t l m f e a t o r y .  No dlfforont typos of .quipneat b r o  boo. 
neded th l r  year. P d d i t l o m l  ooutltom, r h l r l d o ,  and other It- for  apamtoa 
Of th. e X I 8 t i n g  O q U i m n t  hV. b0.B ~ U r o h . m . 6 ,  

P m r m  : Or. Sorry A. A i h n  oorplrted blr  AEC Follorrhlp. k bar0 
k.n rblr t o  obt@ia for  hlm fo l forrhfp f r #  the hmrioan h a r t  A88ocrl8$i# 
wbleb w i l l  *nablo blm t o  aoatlauo wrk with ur for a t  l-rt m0tb.r year. 
f lnana la l  support f o r  hlm m y  k required by 19S2. 

Claude Taylor ,  tne negro t e c h n i c i a n ,  ie proving a a t i r f s c t o r y  with the 
animal erper inen t 8. 

Cr. ?rnt*s t  yount cont inuos t o  a s a l r t  i n  the desipn of experiments 
s f f e c t j n i  humen ?wings.  ne a l o o  l a  d i r e c t i n g  the erper: .ente 81th  use o f  
lod!ne-131 w!:(ch Fre not directly relr$tfid ti> the c;riahr;- rcseArch ~ r c j c c t .  

; a r l y  !n t h e  yetr we were able tc u f l i q - e  F , o I A . . ~  offfcerr In t h e  per- 
fsrztanae of a o r t a l n  rroupa of exprr!nent8. ?;he s h j o r i t y  of our houao r k f f  
t x s  nor beon ~~11.6 t o  ; ~ ! : l t i ~ r J  nerviet an? the rhortriFe of r e r sonae l  a t  tF .18  
l e v e l  IS c r i t i c a l .  -UT humen m>r,‘ m- suffer during tnc  w x t  few yeerr  
u z l e a s  cqrsonnel not elic!Sle f o r  n l l i t e r y  s e r v i c e  oan be found. 

w: ~cas iaorab lo  t h o  f a  s t i l l  l o i t  duo t o  tho  t 8 g W h e  of a i r  
t r snopor t .  W e  hnte rt temptod t o  l~~-dOBign  oxparlmtnfs  80 that  rodlum-21 ann 
bo urcd evon if i t  is late In a r r i v i n g .  i n  t h e  case of potars lur-42,  horovor, 
it b e  prorod ~ r p o s o i b l o  to dor lgn  o r p o r i n n t r  rhiah would l i v e  v a l i d  rorulto 
rhould t h e  isotope bo l n t o  in srrlrlns. The e p e a l f l c  aot lv i t f  of tho wter ib l  
roaoivad from 3.k Ridgo 18 8uch that i f  the 8biprwat Ir  Be little 48 13 bovrr 
l o t o  lt would roqabo tbo r t k l n i r t r r t l o n  of 8 ohomiarl ly  tor lo  doma ir orhr 
t o  8ahiOVe a r e t l r f a a t o r y  oountir# n t o .  
to uao thnr of the first fou r  ehlpronta of p o k r r l u  which r k r t o d  February 5. 
r e  h v o  tr io& rurfcco t r anspor t a tSon  by tmoh urd a i r  tnnrpor ta t ioa  by roteral 
d i f f o r e n t  router w i t h  rbout  oq-1 leak of 8uacor0. 

+ 

This d i f f i c u l t y  b o  r d o  I t  i a p o s r l b l e  

w: The sn5ml breedlnp p m g r m  mentloned l n  the previous progreee 
r epor t  has been r t a r t s d .  Vary fow rnirols wore r o i r e d  during t h o  wintor,  bu t  
a few rnlmlm ere now beeoalng ara l lmblo .  I t  is not  yet ~osalblo t o  or t fmato  
rhsthor wo oan raise r l l  the s n S u l r  me notd or not. 

,. I, 
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A dlrcumrnlon of the uonoopt of 8 l t e r o t l o n m  i n  ’nsabrane a a r n e a b l l l t y  
w i t h  r r r l o u s  lnfeetious and l a r u n s  prooomrom was prorea ted  8 t  tho  June, 1980, 
r o e t i n g  of the Amerioan UedIcal ~ m s o c l a t l o n  l n  the Soct lon  on P x p o r l n n t r l  
J o d l c i n o  and Thorrpoutlcm. Thl8 ropor t  Is t o  ba publlmhod In  tku 33URYIL W 
THZ A M L R I C A I  U k E I C k L  AXXUTItU1. Xn it  80leot.d eaaplom of our data on 
f l u i d  voltme ahsnger in aookj d o u n k i n  mpottad fevor, t r lohlnomls,  meM 
aloknon  and drut rarotlonm l n  t n m n  bolqp  a n  ptomentod. Tho mffoot on 
lntrraollulrr f l u i d  of heavy #tal p’oiaonlng of o n r y ~ o  my#tmm by a r r o a l o  
rnd tho rotormal  8ft.r admlnlmtmt lon  of BAL 8ivom 8 cluo am to pormlblo 
aechanimw i n  l a foe t ion .  

A m  an extonston of t h e  orlflinal w r k  on lndncod h ~ p o t a e n m l t i r l t y  I n  
anha la ,  tho aonditlonm e t  th. oxporirents mro rl1ght)j modlf1.6 i~ order 
t o  d o e t o a n  ra- ~ ~ i e t 1 0 ~ .  
huslsn p l a s m  1 n t s  rrbhl t m  were correlo ted mith l a w n o l o g i c  c h n p e s .  r idence  
for a l t e r a t l o n o  ln c a p i l l a r y  and c a l l  mmbrene peraeebl l l ty  wore found, 
which vera thought t o  be r e l e t e d  t o  t h e  hunor r l  8ntlbody responn. Thlm 
rcrk e n t l t l r d ,  “The hmunopnyoiology of Serum Siaknesm: ;Arerations i n  the 
3lood Volume and th i2cyanate  Space I n  P e l a t i o n  t o  t h e  Eevelo?mnt  o f  Pumoral 
nnt lboaI08  In t h e  . -8bb l t , ’  J. A .  r ikawa arid G.T. Harrall, h a m  been occapted 
f o r  p u b ~ i a a t i o n  I n  the  ~ o i i r m l  of  ~ l i n 1 c a l  f n v a s t i g @ t l o n  and Is scheduicd 
f o r  the r p r l l ,  1951, i o s u e .  

Tho phymtologia offeeto of tha Ir)wtiom of 

A mlrilar study W A G  pcrfa\rmed with pur l f l ed  humfir! p l c t a h  fractlono, 
mpoc l f i aa l ly ,  elbumin A n d  g lobu l ln .  nlthouph the rerults varied q u b n t l t e t l s e l y ,  
t f t :  ctxnpes were g*Js l l t e t !ve i : :  similar t o  t r c s e  observed ir.  the  sts-les w i t h  
) .men  t l s s m . .  I ere apti in,  it wb6 t i oueh t  p o r s l b l f ?  t,: c t t r l o u t e  changes i n  
blood volume, thloc7anate  rpace and heavtoar!t os d u e  t o  de fec t s  In neabrane 
perraeabii i t~ am a remult of imunologic phenoumna. ?him work bate h e n  1- 
arrrlsed 8nd h..s been mubmltted for ~ u b l i a 8 t l o n .  

The ourront  o p i n i o n  i m  t b t  i n 4 e n t i g e n - @ n t i b o d y  rerctionm a m  0 

medlrtsd by e e r t 8 i n  rubmtmaes rerldamt’ In the body In  an lnrctlva s t a t e ,  
arid rrhloh are  relseeod d u r i n g  the ent igen-rntIbod# roac t ion  and thuc eauso 
tba m y m t d a  offoete. 
e m k b l l a b d  whether the Inorearno In o s p l l l a r y  p e m e r b l l l t y  mblch 1s knom 
t o  occur w i t h  var ious  h f p e r r e n s i t i t a  mtater, I o  due t o  b m p e  t o  t h o  endo- 
t h o l l a l  m l l a  or t o  8n a l k r r t l o a  ia tba l n t o r o e l l u l a r  asmont mubmtrneo. 
. i y r l u r o n l e  ac id  is a aona t i tuen t  of t h e  l n t e r o e l l o l a r  cement mubmt8nao and 
l m  d o p o l y ~ e r l s e d  by t n r  ensymo hyrluronIdsre. 
wt,ether these two 8 U b E t B n C O S  c o n t r i b u t e  t o  t h e  b iocheniaa l  defec t  !n hpper- 
s e a r l t l v i t y  reactions, ndrea l  r e b b l t e  wero lnjeated with lerge cosee of 
h l m t a r h e  and hJahrOn~da89. It - 8  found tha t  n e i t h o r  the plemmt ro lum 
nor the t h ioopa r r t e  mpaoe war a l t e r e d  i n  elthor f i toup  of animal#. It there- 
:cre vhs concluded t h a t  ne i the r  of these  rubstencen v8s aolely res,cnsible 
fo r  t h e  chewer prsvioumly obmenod l n  b VIVQ rn t i aon- rn t lboay  reac t ion# .  
This mtudy Is i n  the f i M 1  mnnuscrlpt mtege. 

4 m t a m . l ~  bar oftolo k e n  Wpllomtd. It a h o  i~ mot 

I n  a n  a t tempt  t o  dotenmine 

f & * .  
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rrellrlnrry r t u d i a r  w l t h  the pcrrnlve t r e n a f e r  asthod are stlil in 
prcgress i n  o rdo r  to d o t o n i n e  t h e  o p t b u n  do- of antiRon 8nd rnt:Sod$ 
r e q u i r e d  c o n e l s t e n t l y  t o  rrproduoe serum s!akneso and c a r t a l n  phyrioloelo 
change0 In  rabbita.  fhs d i l f t c u l t y  t o  d s t o  hrrr been In obtarinlna s u f f i a l e n t l j  
h igb - t i t o rod  sora l o r  l a j o o t l o n .  k f t o r  ropoatod r o n a l t i m t l o n  02 rorerrl 
anlmls,  it nor rpposrr that N a b  $ora Oaa bm prsdueod. 

n b r i e f  p n l l v l n n r y  tavort of t h i n  work raa prerentod a t  t h e  %vember, 
255,, rnsetlng of t h e  Southern & d i c e 1  . - s e Jc !b t lon ,  i n  t h e  : e c t l o n  cn  - e d l c i n e .  
T L i c  r e p o r t  l a  t o  bo publiehad coon in the  S, jT3i.hh Y. 5:L J _. 

P- comprehensive rnalyalrr of  t he  r e r u l t m  i n  clanned in t h e  near f > t w o ,  
a f t e r  mare - h t r  have bean oollsctod i n  i n d i v i d u a l s  w i t h  ve r l cuo  disetsed r t a t e o .  
Pt t h e  preaent time, l m f f t e l e n t  data n m  w a l l a b l e  f o r  m y  s i n g l e  dlseaso 
t o  warrant  aonalur iona .  

S 

htll r O O O n t ~ ,  thoro -8I not 0nilab10 8 n t b o d  far 
mewur!?rg q u n n t i t a t i r e l y  aw c o n r t l t u o n t  of t h e  I n t r a u e l l u l a r  aompartment. 
The i n t roduc t ion  of r ~ d i a a o t l t o  potamslum-12 s u ~ e s t o d  that (I t o o l  war f i n a l l y  
a v a i l r b l e  for w o h  a stud?. fiere Ir avsl?sble l n  tho l i W l r t u n  r t u d l  of 
fIndir@8 o t h e  "oxoha~njieablr D O ~ ~ ~ I J ~ I ~ P I "  content  In a sori08 of n o m 1  ywng 
lndlvidualr.  Suoh f i  8Wdy h r m  n o t  bean reported i n  i n d l v i d w l s  mltb rbrious 
oetholoplc  DhpmfClOUlt3 8tate.s. For t h e  Deet two months, s tudy  ha8 blien i n  
;;rogresa on the L e t e m i n a t i o n  of  t he  t o t a l  potsoriua content  of h c s ; : l t i i l c e c  
s u b j o a t e  w i t h  rarious abnormal state.. A totml d 31 Ind lv ldua l r  hare been 
otudied t o  date. In aa8t  of thoro  i n d i v i d u a l s ,  8 r l ~ n i f i a a n t l r  low? potaeeiup 
c m t t n t  has been obte ined  t h e n  hc.R been creviorrrly ouopsoted i n  t h e w  d!orrsses. 
Jore data .ill bo a c e u r u l r t e d  i n  nom81 and abnormal 8tatc)s before any publlce- 
t i o n  is preparad. 

* 

e- 
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S!nee t h e  previous annual  r e p o r t  *am rubatitted, t h e  da t a  on fluid 

volume. rnd o l o a t r o l r t e  c o n o a n t r r t l o n r  i n  45 norm1  nbbitr hat0 Mea 
rPnurr1-d and publ1rh.d in tho AY):RICkN JCURWni JF WYSXdWGY, =:$95, 
S o p t . ,  1950. In t h l r  r tpdy ,  the rewtm of tho 8mlymoo o f  ttsruor a d  
organs f o r  t h o i r  roalur-24 and wate r  oontea t ,  a s  nll am 8 roaparlroa ef  
t h o  thiooyaaak and t8d io8odIu  0p.a.a 0- (iran. 
oorgruheamiro rtudy o f  th io  h . t U F 8  In ao-1 n b b i t r ,  tlr1nll artiflofrf 
isotopoa. , S t  memom a s  n knllru lor rrrlmtlon of ulr otpdior om pathelolio 
s t a t o r  and 0 m b b l l r h o 8  Un - 1 l d i t f p f  t& wthodr, 

thir FOp?OOOrtm me fint 

In order  t c  o t u d j  thlr Problem, h o e - l b l l r e d  eubjeo t r  without crrdlc-  
v a s c u l a r  d l s e a r e  were r i v e n  p t h e m p e u t l c  : ~ s e  of d l g l t o r l n  ln t ravenour ly .  

e r l t -  aeterm:ns-:iona m r e  then medo of fiuii V O ~ U I A B S .  ;he  deta i nd lc r t ed  
t h a t  there .8s sn lnereeme In the rater and prote in  aontont  of t h o  vasoulrr 
c o m ~ ~ r t m e n t  E l t h i n  24 hour8 a l t e r  tho ~ d ! ~ l n l r t r e t : x ~  of 1.2 m ~ .  0:' d l g l t o r t n .  
.. is sl te i - t+t!an i -  : f f f i c i . L t  t c  e x r i e l n  sulelj cn the b ~ s l s  of a cirect 
z?y-:cardfel e f f e c t .  . 8 u w ~ r y  of t h e  f ind ings  ha8 been a c c o ~ t e d  f o r  pubiica- 

. ; - t d  ::TTY F X -  7 - X b ~ r ? I ~ ' - d T r . i  DI , L X I Y  ,.WL s~L1C:k.  I .  

t : c r .  1~ the ~ a- - L *  .. 4.  A 

I n  a mor0 d e t a i l e d  mtMy of the mame problem, a group of 1 normal 
mle  aedlcal  rtudetnto vere next  Elvan the same dore o f  d l g l t o x i a  i n t r a -  
v ~ a o u o l j .  In t h l r  aerier, urirury aor-t im of rdlur and p e t a r r l u  .d 
the s l t e r r t l o n s  In t h e  body e l o a t r o l y t e  ccncent ra t lons  and aontonts  TWO 

a180 lollorrd; & h ~ - 2 4  m e  u a d  as a 6ho.lt on thiooyBuW mpw. Tblr 
oxp.r.fment b r  k e n  mmpleted clad th. data am b o h g  analysd. 

Simo t p m  1s soma erperirwntal ovidoaao that t o r i c  dorer o f  d i g l k l i r  
tauso 8 rWerS8l Of t h e  OffOOtS Of the U S r W l  thW.P.Uti0 doom, ?&bblU vO?a 
givoc a rublethsl t o x i o  do80 of d l g i t O ~ h  and tho eh.n(*a in fluid d i r t t l b u t b a  
snd o l e c t r o l y t e  c o n a o n t r a ~ i o n  rnd aontont , ineludln( l  radium-24, ware fQllOWd. 
.he chhngts found coul. '  n o t  be exphlnec:  solely on the b a l m  of a dlreet 
y o c 6 r d h l  e f f ec t  of d l g i t o x l n .  
d!gltoxin had caused a e l l  damgo 8nd a l t a r a t l o n 8  In oell  rombrene p e n n r b l l l t y  
tQ oodiuo ton and rater. 
ad rena loc to ry  or  t h e  b d t n 9 n l R t r h t l O n  of l a rgo  dorer  of doeoyaor t looa te t ano .  
T h l s  work hsr k e n  rubmlt ted for publication. 

- 
It HI aoneluaod t h 8 t  hr6e doso8 of 

T h e  o f f e a t r  rw.asbl8d thosa produesd in anla18  by 



-5- Contraot No. A?-(40-1)-248 

I n  prevlous stud!e*  on chanpes i n  c a p i l l a r y  wabrane porwabl l i ty ,  
the T-1824 ( h a n a  Slue) dye u t h o d  wan used r x o l u r l r e l y .  
f o d i n t e d  a o r u  fr8ction method h a m  born htroduoad. 
oona~dor8t~ona. I t  mould spporr that t h l s  would bo the ldeal  r t b o d  for 
the ellnical determiast ion Of tho p l a n r  volume O f  t o  drtrct r l ter8t ioru 
in m p i l l a r y  wrbrane prmoabl l l t r .  
Cr. D. L. Tabam of Abbott ~bomtor lr s  t o  800ure tho lod lnrka  plarw 
fract1c;na frcm him. i%etlbSMry oomprmtlro rkrdiea bavr boon mdr la 
rabbitr. lnverti8atlom in b u r n  baing#. - 

aeeent ly  tha 
?rol theototia 

Arrangemanta knve beon r a p l r t o d  w i t h  

?rnlraioa i m  arrr1t.d f r a  A P C  to use tbo r t a r l a l  for alinlml 
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FLUID VOLUMES XVD ELECTROLYTE COSCESTR.\TIOSS 
IN SOEt3f.U. RUBITS1 

JERRY K. AIK.4W.4* 
From the De#arlrm~nl of Internal Mcduinc, B o w ~ n  G a y  School of Medicine, 

Wake Forest College 

WINSTON-SALEM, NORTH CAROLINA 

URING tjte coursepf some studies in immunophysiology, it was necessary 
to determine the normal values and their random variations for the extra- D cellular fluid compartments in normal rabbits. The plasma volume, total 

blood volume and the thiocyanate and radiosodium spaces were, therefore, measured 
in a total of 45 rabbits. Serial determinations of the plasma volume and the thie 
cyanate space were made in 6 animals. The reproducibility in any individual animal 
of values for the thiocyanate and the radiosodium spaces was determined. Serum 
sodium and potassium concentrations were measured. The radiosodium space of vari- 
ous tissues and organs was determined in 6 animals, as weli as their total water 
content. 

MATERLU A?JD METHODS 

-4 total of 45 normal domestic adult rabbits of both sexes, with initial body 
weights between 2 and 4 kg., were kept in individual cages and were fed a stock diet. 
\Vater was given without restriction. 

P h m a  Volume and Thiocyanale Spue. The plasma volume and thiocyanate 
space were determined by the T - I S ~ ~  dye !'Evans Blue) and sodium thiocyanate 
techniques ( 1 ) .  The dye and the thiocj~anate ion were injected as a sterile so!ctinn 
containing a mixture of one mg, cc. oi Evans Blue and j o  mg cc. of sodium thio- 
cyanate. Syringes were calibrated to deliver approximately 2 ml. of the mixture. S o  
correction was made in dosage for variation in weights of the rabbits. The plasma 
volume was determined on a single Io-minute sample; 30-minute samples were drawn 
in some cases for comparison with the radiosodium space. The hemdocril was deter- 
mined in IVintrobe tubes centrifuged at 3000 rpm for 30 minutes, a t  a radius of 15 cm. 

Radiosodium Spocc. The radiosodium space was determined as follows: A known 
volume (2 ml.) of a sodium carbonate solution containing approsimately zopc ml. 
of SaU was injected intravenously into a marginal vein of the ear immediately follow- 

Received for publiation Fetnuary ~ 7 , 1 9 5 0 .  
1 This investigation was supported (in part) by the II. S. Atomic Energy Commission under a 

contract with the Bownun G a y  Sfhool of Medicine and (in put) by a march grant fran the 
Division of Research Grants and Fdbrrhip of the Nationrl Institutes of Health, U. S. p.ML 
Health Service. 

The Na" used was supplied by the National Laboratory, Oak Ridge, Tennessee, on allocation 
from the U. S. Atomic Energy Commission. 

* AEC Fellow in the Medical Sciences of the Xational Research Council, I&-1950. 
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in$ the injection of the miuture of Evans Blue and w l i u m  thiocyanate. In ;1 pre- 
liniinary experinleiit, serial samples \\ere obtained in  order to determine the disap- 
pearance curve oi radiosodium. Subsequently, a single blood sample was drawn to 
coincide w i t h  the equilibration point (one hour) for radiosodium. The activity \vas 
determined with a dipping tube and a scaling circuit. Counts were made to one per 
cent accuracy. The radiosodium space was calculated by the following formula: Yol- 
ume of i?;aN space in cc. = (Total counts/min. injected),:(Counts/min/ml. plasma). 
All values were corrected for decay. The standard solution which was used for injec- 
tion was appropriately diluted with distilled water to approximate the counting rate 
of the plasma. No correction was made for urinary excretion of the radiosodium during 
the period of observation since the amount excreted was negligible. 

Plasma Sodium and Potassium Concedrdions. Plasma sodium and potassium 
concentrations were &>ermined by flame spectrophotometry on the Beckman Model 
DU instrument. The following modification of the method of Mosher, Boyle, Bird, 
Jacobson, Batchelor, Iseri and Myers (2) was used: The slit width was set a t  0.1 mm. 
in both sodium and potassium determinations. With the standard solution set on the 
transmission dial at 7 0  and 25, respectively, for scdium and potassium, the gal- 
vanometer needle was set at zero by altering the senhtivity setting. 

Tissue Analysts. The 6 animals which were to be killed for tissue analyses were 
injected intravenously with jopc ml., with a total of 100 pc/animal. One hour after 
injection, these animals were exsanguinated by severing the jugular veins and the 
carotid arteries; the animals died within 4 to j minutes. .lpproximately one gm. of 
tissue was weighed on a torsion balance. Each sample was then completely digested 
with 5 to IO ml. of fuming sulfuric acid; the digest was made to a volume of 2 0  ml. 
wi th  distilled water. In order to maintain a constant geometry, 25-ml. graduated 
cylinders were used as containers for the digests. Because of the marked photosensi- 
tivity o f  the clipping tubes. all counting was done in a dark room. The radiosodium 
space of the various tissues and orcans was calculated by the formula: Percentage 
radiosodium space = (’ounts min gm. of tissue! ( ( ’ < J U n t s  min ml. plasma). .-\iiquots 
l\-ere dried t o  constant weight in a drying oven at 110’ to  1 2 0 ‘  C. for determinations 
of the total water content of the tissues and organs. 

E13’ERIMl?\T7.\L RESCLTS 

Serial Defermiriufiuiis ( ! I  l ’ lusni~~ 1-olume, Weniaiocri!, atid Thiocjai iu;e  Spacr. In  
the initial experiment. a total of 71 determinations of the plasma volume and the 
thiocyanate space were performed in b rabbits during an aggregate period oi 2 0 0  

days. The determinations were made every second or third day and occasionally at  
less frequent intervals. The calculations were based on single Io-minute samples. 
The results of this study are summarized in table I .  

Mixing Time fm Radiosodium. Serial venous blood samples were obtained from 
8 rabbits following the administration of radiosodium. Figure I shows graphically in 
cc/kg. the mean values for rsdioaodium space at each time interval. After the first 
30 minutes, the disappearance curve became exponential. On the basis of the above 
findings, subsequent calculations of the sodium space were made on a single blood 
sample obtained one hour following the injection of Nas. The rate of removal of 

t I 1 2 2 8 8  
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radiosodium from the plasma was roughly IO per cent hour. If the exponential por- 
t i o n  oi the cun-e was e s t r ap la t ed  to zero time. the rndirmjciiurn space was approri- 
rnateiy 1 j  per  cent of the body weight. 

M i x i n g  Time !;n Thiocyma/c.  I n  previous studies o n  immunophysiology (3. 4.1, 
f o r  technical reasons, the thiocyanate space was calculated from the io-minute sam- 
ple. Vpon serial determinations on any single rabbit, the results of this measurement 
were reproducible (table I ) .  However, it  was recognized that equilibration had not 
occurred at that time. In figure I is shown the curve for thiocyanate space calculated 
from the mean values obtained at various time intervals in 2 normal rabbits. Equi- 
libration was attained at 30 minutes. The disappearance slope was steeper than for 
the radiosodium space, so t ha t  the  rate of removal of thiocyanate from the plasma 
was roughly 20 per cent/hour. Since, in the routine determination of the thiocyanate 
space, values were not extrapolated to zero time, and beoruse of the rapid rate of 
removal of the ion from t h e  circulation, 30-minute samples were drawn to compare 
with the one-hour radiosodium samples. 

TABLE I. MEAN VAunrs OF SEPIAL DETEPYINATIONS or nvm SPA- IN NO- RABBITS 

Yd. % 1 cr /k# .  

3rf3.6 r 7 7 f r r  
36f3.4 197f I; 
34f4.8 173f18 

-~ ~ 

1 Standard deviation. Standard deviarion of the wries. 

Plasmrl I'.i!itme. The mean p!dsma volume. based on a total of 67 determinations 
on 39 rabbits, was found to be 42.3 cc kg. (table : ' .  Repeat determinations were 
made on a total of 28 animals (table 2).  I n  27 of these. the measurements were made 
c i t h i n  an internal of 2 to 14 days. I n  one animal. the inten.al between the 2 deter- 
rninatior,s was 53 days. The mean difference between such duplicate determinations 
was 4.14 cc kg. There was no correlation of the inten.al between the determinations 
and the magnitude of the difference. 

H m t u c r i l .  The mean hematocrit, based on a total of 6j determinations on 39 
animals, was 38.8 volumes per cent. The mean difference between duplicate deter- 
minations, based on 26 such pairs, was 4.46 \.olumes per cent. There appeared to be 
a rough correlation between the decrease in the second hematocrit as cornpa@ with 
the initial measurement and the time interval between the 2 readings, the decrease 
in the second hematocrit being greater, the shorter the interval between the deter- 
minations. Of the total of 26 duplicate determinations, in all cases except 4, the second 
hematocrit was equal to or less than the first. In  these 4 instances, a t  least 14 days 
had elapsed between the 2 determinations. It appeared that with the volume of 
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blood withdrawn for each study, at  least IO to 14 days were required for the hemato- 
crit to return to the original value. 

Told Blood 1-olume. The mean total blood volume, based on 65 determinations 
in 39 animals, was found to be 69.8 cc kg. (table I) .  Repeat determinations in 26 
animals varied by a mean of 6.34 cc kg. S o  correlation was noted of the inten-a1 
between the repeat determinations and the magnitude of the difTerence between the 
2 values. 

Thiocyanate Space. The mean of 68 determinations of the thiocyanate space on 
a total of 39 rabbits, based on the Io-minute samples, was 217.8 cc&. (table I). 
The mean of the p m i n u t e  samples, based on a total of 50 determinations in 32 
rabbits, was 237.6 cc/kg. The mean of the pminute samples, therefore, waa zo cc/kg. 
greater than the mean of the Io-minute samples. Thirty-minute samples revealed 
slightly less scatter than the 10-minute samples. The uppu limit of the values for 
both the IO- and the-3o-minute determinations was practically identical. Duplicate 
determinations of the 30-minute readings were more reproducible than the 10-minute 
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Fig. I. THIOCYASATE A S D  IMDIOSODXY SPACES cakdated from mean d u e s  at various time 

intervals. 

readings, the mean difference in the former being 15.03 cc kg. and in the latter, 
9.66 cc/kg. There was no correlation of the interval between duplicate determinations 
at either IO or jo minutes and the magnitude of the difference between the z deter- 
minations. 

Radiosodium Space. The mean radiosodium space, based on the one-hour sam- 
ples on 68 determinations in 39 rabbits. was found to be 263 cc kg. This value was 
4 j  cc,'kg. greater than the mean thiocyanate space based on the Io-minute samples, 
and 25 cdkg.  greater than the thiocyanate space based on the pminute  samples. 
The variability oi the 3 measurements was roughly equal, that of the pminu te  
thiocyanate space being the least. The mean d8erence and the scatter of duplicate 
determinations of the radiosodium space w-as greater than those for the thiocyanate 
space a t  either IO or 30 minutes. 

Serum Sodium and PotoJsium CO~UCMT~~OUS. me mean serum sbdium concen- 
tration, based on a total of 55 determinations in 33 rabbits, was 131.9 mEq/l. with 
a standard error of 0.97. The mean suum potassium concentration, brsed on the 
same sera, was 4.58 mEq/l. with a standard error of 0.075. Serum sodium levels 
showed less random variation than serum potassium levels. There was no correlation 



oi the internal between duplicate determinations of either serum sodium or potas- 
sium levels and the magnitude of the difference. 

Tissue Radiosodium Space. The results of the analyses of the tissue radiosodium 
spaces in 6 normal rabbits are summarized in table 3. Of the tissues analyzed, the 
cartilage, skin and kidney contained the largest amount of radiosodium per unit 
weight. Skeletal muscle contained the least. Considerable variation was noted in the 
radiosodium space of some organs, e.g. subcutaneous connective tissue, liver, appen- 
dix and cartilage. 

Total W& C&& of Organs and Tissues. Total water content of the various 
tissues and organs are given in table 3. The appendix and the lung contained the 
largest amount of water per unit of weight of tissue and the tendon the least. The 

TABLE 2. Smoray  OF DATA ON EXTRACELLCLAR FLUID VOLUYE AND E L E ~ O L ~  -ITON 
'I c 

IN N O E M U  RABBITS 

1 BXSvLI% 01 DICT.IYWAllONS I C O ~ A l l S o N  Of rrro n7-m 
I IW39NORXALANIXAW ~ m f 9 m u u  

I I ~_ 
i Body weight (kg.). . . .' 68 3 .  r 7 f .  j38 1.97-4.50 I 

P h v o l u w  1 
(Ccfig.1.  . . . . . 

Hematocrit (vol. yo). 
Total blood vol., 

(cc!kg) . .  
Thiocyanate space 

(cc! kg.) IO min. . 
Thiocyana:e spacc 

tcc, kg.1 jo min. . 
Radiosodium space 

fcc 'k? 
Serum sodium 

tmEq 1.) 
Serum potassium 

{mEq/l.) . . 
~ - __ 

coefficients of variation for the determinations of the total water content of any 
tissue or organ were usually smaller than those for the determinations of the radio- 
sodium spaces. 

DISCUSSION 

h the initial experiment (table I>, it was found that when a series of 9 to 13 
determinations of the plasma volume, hematocrit, total blood volume and'the IO- 
minute thiocyanate space were made every second to third day in normal rabbit, the 
respective means and standard deviations were 46f5.5 cc,/kg., 35f4.3 volumes pa 
cent, p f 8 . 9  cc/kg. and 194f21  cc/kg. The values obtained in the subsequent 
studies involving a single or 2 repeated determinations on normal rabbits agreed 
fairly closely with the previous serial determinations. In the only other similar study 

I t  1 2 2 9 1  



of normal rabbits which has been iound in the literature (j.1, the mean of the deter- 
minations of the t o t a l  t i loot1 volume i n  DO ratlbits nas  i o  ct' kg.. based o n  amplc~.c 
obtained b minutes kiitcr injection # ) I  the E\.ans Blue. The mean value ot the ~ i l a w i ~  

volume was jo  cc kg. 'The blood \-olume was iound to be proportional to the 1 ~ A y  
weight and not to the suriace area. These results are consonant with the hdings in 
the present investigation. S o  comparative data have been found regarding the thio- 
cyanate space or the rate of disappearance of the ion from the blood stream in rabbits. 

The results of the present study indicate that regardless of whether the thio- 
cyanate determinations based on the IO- or 3o-minute samples or the radiosodium 
space based on the one-hour sample are employed as an index of the extracellular 
fluid volume, consistently reproducible results can be obtained, a t  least in normal 
rabbits. There is valid argument against the use of the Io-minute readings, since 
equilibration had not sccurred at that time. However, for technical reasons, this : 

I---- I i /  - -- I---- I _ _  
Body weight (kg.) 3.66fo.15 
Radiorodium sp.a 1 2 4 . 9 f I .  IO 1 
Tissues' 

(% body weight I ~ I 

u . o j f 6 . S j  I i63.99f.3 78 Heart 123.67fz.16 177.97f3.16 Skin 
Subcutaneous con- j:. r;+y.o* '62 ~ ; f ; . * j  Kidney :42.24f6.53 ; f l .  38fo.og 

.ippendix 23.56f6.59 80.21fr.08 
Diaphragm 1 j . o z i z . 2 0  i6j.76f6.16 /i Stomach 24.4If5.68 ,77.95fI.08 

I nective tissue 

Spleen 
Lung 
Idrenal , : ~ . y 8 1 f r  OR 6.; ~ j f 8 . 3 2  Achilles tendon 139 o6f4.61 i6o o r f 3  ;S 

~~~ ~ __ -. . -~ . - __ 
i Ill values expresser1 in [iercenrage oi rvrigii' Bajcy! on 5 animals. 

has proved to be the most practical method when serial determinations are made on 
a single animal. .\ctually, the 30-minute thiocyanate determination.; revealed less 
scatter than either the ro-minute thiocyanate determinations or the radiosodium 
determinations. The exact significance of the thiocyanate space, however, remains 
in doubt. Determinations of the thiocyanate space in 1-arious tissues and organs and 
their comparison with the sodium space might clarify this problem. The present data 
indicate that in normal rabbits the thiocyanate ion at  equilibration consistentl!- 
measures a space roughly IO per cent less than the space measured by radiosodium. 

The mean radiosodium space of 26.3 per cent of the body weight.found in the 
present study agrees with the values obtained b!. previous investigators with a smaller 
number of rabbits (6-8). Manery and Bale (8) compared the radiosodium content of 
rabbit tissues with their content of chemically determined sodium and found that 
the specific activity of all tissues except the nen-ous tissue was constant. They con- 
cluded that "with the exception of the nervous tissue, in I hour 8 minutes, injected 



r:i(lioaL.tive scxiiuni hecomes clistritiuie(1 Ixt i~een tissues Ant1 I h m a  in precisely the 
sirnt' ratio as normall>, occurring sodium." .\lest of the tissue sociium values reported 
by llanery and Hastings ( 9 )  \\ere higher than those obtainecl in  the present study. 
One possible explanation [or this discrepancy may be the diHerence in the methods 
employed in sacrificing the animals. Decapitation of animals does not result in as 
thorough exsanguination as severing the neck vessels. The twefold discrepancy in 
the values for cartilage is dif%cult to explain. 

The total water content of tissues obtained in the present study are summarized 
in table 3. These values agree well with those obtained by Manery and Hastings (9) 
and by Skelton (IO). Less discrepancy was noted than with the determinations of 
the radiosodium space. 

SUXhCAEY AND CONCLUSIONS 

The normal values and their random variations for the extracellular fluid com- 
partments in normal rabbits were determined. Plasma volume was determined by 
the T-1824 dye method; the thiocyanate space, by the dilution of sodium thiocya- 
nate; and the radiosodium space, by the diution of Nan. Serum d u m  and potas- 
sium concentrations were measured by h e  spectrophotometry. In a series of 39 
animals, the plasma volume was found to be 42.3f 7.38 cc,%g.; the total blood vol- 
ume, 69.8f9.12 cc,'kg.; the thiocyanate space, 217.8f17.8 cc/kg.; and the radio- 
sodium space, 263.2f22.1 cc/kg. The serum sodium concentration was 131.9f7.2 
mEq 1.; the serum potassium concentration, 4.58fo. j6 mEq, '1. The mean difference 
betwen 2 determinations in 2 9  rabbits was as follows: plasma volume, 4.14f3.25 
cc kg.; total blood volume, 6.34f5.25 cc kg.; thiocyanate space, 1j.ojfro.53 
cc kg. ; radiosodium space, 16. j jf 15.61 cc kg. Seventy-one serial determinations 
were made on 6 rabbits over an aggregate period of 206 days. The results were as 
follows: plasma volume, q 6 f  j. j cc kg.; total blood volume, 7228.9 cc, kg.; thio- 
cyanate space, 1 9 q i - I  cc kg. The values obtained upon tissue analyses for total  
Ivater content and radiosodium space are gi\.en. 

The total blood l-olume. cnlculated from the plasma \-ohme and the hematocrit, 
was 69.5 cc; kg. This value \vas constant in normal rabbits and appeared to be di- 
rectly related to the body weight. -4 previous investigator (6) had obtained prac- 
tically the identical value, so that the constancy of this value appears to have been 
established. 

The exact significance of the thiocyanate space remains doubtful and will not 
be resolved until comparative studies of the concentration of the d u m  ion and the 
thiocyanate ion in various tissues and organs are made. From the present study it 
can only be concluded that the thiocyanate ion at  equilibrium measured a volume 
w hi& was approximately IO per cent less than that measured by the radiosodium 
ion. Whether this relationship would continue in abnormal physiologic states'remains 
to be studied. Presumably the radiosodium ion at one hour measured in various 
organsand tissues the v b e  of fluid which was extracellular. The thiocyanate deter- 
minations were reproducible in normal rabbits, regardless of whether I* or pminute  
samples were compared. The random variations in the d u e s  for the thiocyanate or 
the Sau space were roughly equivalent. Tissue sodium spaces are probably not com- 
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parable unless a uniform technique is utilized in sacrificing the animals. since it is 
obvious that variations in the amount  of residud hluod in the orzans And tissues 
would alter their sodium content. Since serial determinations of the duid volume 
spaces are more reproducible in individual animals than single determinations in 
separate animals, espriments should be so designed as to take this observation into 
consideration. 
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FLUID VOLUMES AXD ELECTROLYTE COSCESTR.\TIOSS 
IS SORJL\L RBBITS1 

JERRY K. AIK.AWC'A* 
From the Departmcnl of I n t e n d  Madicim, Bowman G a y  School of Medicine, 

Wake Forest College 

\YINSTON-SALEY. NORTH CAROLINA 

URING the course-8f some studies in immunophysiology, it was necessary 
to determine the normal values and their random variations for the extra- 
cellular fluid compartments in normal rabbits. The plasma volume, total 

blood volume and the thiocyanate and radiosodium spaces were, therefore, measured 
in a total of 45 rabbits. Serial determinations of the plasma volume and the thio- 
cyanate space were made in 6 animals. The reproducibility in any individual animal 
of values for the thiocyanate and the radiosodium spaces was determined. Serum 
sodium and potassium concentrations were measured. The radiosodium space of vari- 
ous tissues and organs was determined in 6 animals, as well as their total water 
content. 

MATERIAL AXXI METHODS 

.4 total of 45 normal domestic adult rabbits of both sexes, with initial body 
weights between 2 and 4 kg., were kept in individual cages and were fed a stock diet. 
\\'ater was given without restriction. 

Plasma Volume and Thiocyanaie Space. The plasma volume and thiocyanate 
space were determined by the T-1824 dye (Evans Blue) and sodium thiocyanate 
techniques (I) .  The dye and the thiocyanate ion were injected as a sterile solution 
containing a misture of one mg cc. oi E\.ans Blue and jo mg cc. oi sodium thio- 
cyanate. Syringes were calibrated to deliver approximately 2 ml. of the mixture. S o  
correction was made in dosage for variation in weights oi the rabbits. The plasma 
volume was determined on a single Io-minute sample; pminute  samples were drawn 
in some cases for comparison with the radiosodium space. The hemdocrd was deter- 
mined in iyintrobe tubes centrifuged at 3000 rpm for 30 minutes, at a radius of I j cm. 

Radiosodium Space. The radiosodium space was determined as follows: A known 
volume (2 ml.) of a sodium carbonate solution containing approximately 2 0 ~ ~ )  mi. 
of Na% was injected intravenously into a marginal vein of the ear immediately follow- 
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in:: the injection of the r n i i t u r e  oi F\..tiis Blue aricl  soclium thiocyanate. In a pre- 
liminary experiment, serial sam[)les \\-ere obtained in order to determine the disap- 
pearance c u n e  of radiosodium. Subsequently, a single blood sample was drawn to 
coincide with the equilibration point (one hour) ior radiosodium. The activity was 
determined with a dipping tube and a scaling circuit. Counts were made to one per 
cent accuracy. The radiosodium space was calculated by the following formula: Vol- 
ume of Xa% space in cc. = (Total counts/’min. injected)/(Counts/min/ml. plasma). 
All values were corrected for decay. The standard solution which was used for injec- 
tion was appropriately diluted with distilled water to approximate the counting rate 
of the plasma. No correction was made for urinary excretion of the r;rdiosodium during 
the period of observation since the amount excreted was negligible. 

Plasma Sodium ugd Polassium Concdrdions.  Plasma sodium and potassium 
concentrations were determined by flame spectrophotometry on the Beckman Model 
DU instrument. The following modification of the method of Mosher, Boyle, Bird, 
Jacobson, Batchelor, Iseri and Myers (2) was used: The slit width was set a t  0.1 mm. 
in both sodium and potassium determinations. With the standard solution net on the 
transmission dial at 70  and 25, respectively, for sodium and pota+m, the gal- 
vanometer needle was set a t  zero by altering the sensitivity setting. 

Tissue Analyses. The 6 animals ahich were to be killed for tissue analyses were 
injected intravenously with 5opc/ml., with a total of 100 pc/animal. One hour after 
injection, these animals were exsanguinated by severing the juguhr veins and the 
carotid arteries; the animals died within 4 to 5 minutes. Approximately one gm. oi 
tissue was weighed on a torsion balance. Each sample was then completely digested 
with j to IO ml. of fuming sulfuric acid; the digest was made to a volume of 20 ml. 
with distilled water. In order to maintain a constant geometry, 25-ml. graduated 
cylinders were used as containers ior the digests. Because of the marked photosensi- 
tivity of the dipping tubes, all counting was done in a dark room. The radiosodium 
space of the various tissues and organs w s  calculated by the formula: Percentage 
radiosodium space = (Counts min ‘p. of tissue) (Counts min mi. piasma :. .-\liquets 
were dried to constant :\eight i i i  ;t (ir!.ing m.en a t  1 1 0 ’  to 1 2 0 ‘  C. for determinations 
oi the total wawr content of the tissues and organs. 

ESPERIlIEST.4L RESLITS 

Serial Delcrmirccliioiis o j  f’ldsmcl I.olume, Ilemdocrii ,  and Thiocyurwie S p u e .  In 
the initial e.xperiment, a total of 7 1  determinations of the plasma volume and the 
thiocyanate space were performed in 6 rabbits during an aggregate period of 206 

days. The determinations were made every second or third day and occasionally a t  
less frequent intemals. The calculations were based on single Io-minute samples. 
The results of this study are summarized in table I .  

Mixing Time for Radiosodium. Serial venous blood samples were obtained from 
8 rabbits following the administration of radiosodium. Figure I s h o w s a l c a l l y  in 
cc/kg. the wan values for radiosodium space a t  each time interval.’ &e first 
30 minutes, the disappearance curve became exponential. On the basis of the above 
hdings,  subsequent calculations of the sodium space were made on a single blood 
sample obtained one hour following the injection of NaU. The rate of removal of 



radiosodium from the plasma was roughly IO p e r  cent hour .  Ii the exponential p r -  
t ion  of the cun-e was estraplated to zero time. the rmliowiiium space was aiqtro\i- 
mateiy 'j per cent of the body weight. 

Mixing Time j (w  Thiocyclnatc. In previous studies on imrnunophysiology '3. 4 I ,  

for technical reasons, the thiocyanate space was calculated from the rc+minute sam- 
ple. Vpon serial determinations on any single rabbit, the results of this measurement 
were reproducible (table I). However, it was recognized that equilibration had not 
occurred a t  that time. In figure I is shown the curve for thiocyanate space calculated 

libration was attained a t  30 minutes. The disappearance slope was steeper than for 
the r a d i d i u m  space, so that the rate of reinoval of thiocyanate from the plasma 
was roughly 20 per cent/hour. Since, in the routine determination of the thiocyanate 
space, values were not extrablated to zero time, and because of the rapid rate of 
removal of the ion from the circulation, 30-minute samples were drawn to compare 
with the one-hour radiosodium samples. 

I from the mean values obtained a t  various time intervals in 2 normal rabbits. Equi- . .  

TABLE I. M u w  VALUES OF SERIAL DETERMINATIONS or ~LCID SPACES IN NOPYAL RABBITS 

U B W T  
YO. 

I 

3 
4 
5 
6 

Total. 
I 

' Standard (leviation. Standard deviation oi thc  series. 

P!asmo i 'o l icm~.  The mean plasma volume. based on 3 total of 6 j  determinations 
on 39 rabbits, was found to be 42.3 cc lig. (table 2 ) .  Repeat determinations were 
made on a total of 28 animals (table 2). In 27 of these, the measurements were made 
w i t h i n  an intenal of 2 to 14 days. In one animal, the intenal between the 2 deter- 
minations was j o  days. The mean difference between such duplicate determinations 
was 4.14 cc'kg. There was no correlation of the internal between the determinations 
and the magnitude of the difference. 

Rematocri!. The mean hematocrit, based on a total of 6 j  determinations on 39 
animals, was 38.8 volumes per cent. The mean difference between duplicate deter- 
minations, based on 26 such pairs, was 4.46 volumes per cent. There appeared to be 
a rough correlation between the decrease in the second hematocrit as compared with 
the initial measurement and the time interval betw-een the z readings, the decrease 
in the second hematocrit being greater, the shorter the intern1 between the deter- 
minations. Of the total of 26 duplicate determinations, in all cases except 4, the second 
hematocrit was equal to or less than the first. In these 4 instances, a t  least 14 days 
had elapsed between the 2 determinations. It appeared that with the volume of 

. 
' 
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blood withdrawn for each study, a t  least IO to 14 days were required for the hemato- 
crit to return to the original value. 

Told Blood 1.dume. The mean total blood volume, based on 65 determinations 
in 39 animals, was found to be 69.8 cc kg. (table I) .  Repeat determinations in 2 6  
animals varied by a mean of 6.34 cc,'kg. S o  correlation was noted of the interval 
between the repeat determinations and the magnitude of the difference between the 
2 values. 

ThiocyaMfc Space. The mean of 68 determinations of the thiocyanate space on 
a total of 39 rabbits, based on the Io-minute samples, was 217.8 cc;kg. (table I). 
The mean of the p m i n u t e  samples, based on a total of 50 determinations in 3 2  

rabbits, was 237.6 cc:Pg. The mean of d e  p m i n u t e  samples, therefore, was 2 0  cc/kg. 
greater than the mean of the Io-minute samples. Thirty-minute samples revealed 
slightly less scatter tban the Io-minute sample. The upper limit d the d u e s  for 
both the IO- and the jo-minute determinations was practically identical. Duplicate 
determinations of the p-minute readings were more reproduable than the Io-minute 

1 I I r 1 1 1 I I 1 I 
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M i n u t e s  

Fig. I. THI~ .LWAIT AND RADIOSODKJY SPACES calculated from mean values at various time 
intervals. 

readings, the mean difference in the former being 15-03 cc/kg. and in the latter, 
8.66 cc kg. There -.vas n o  correlation oi the interval between duplicate determinations 
at either IO or 30 minutes and the magnitude oi the difference between the 2 deter- 
minations. 

Radiosodium Space. The mean radiosodium space, based on the one-hour sam- 
ples on 68 determinations in 39 rabbits, was iound to be 263 cc kg. This value was 
45 cc/kg. greater than the mean thiocyanate space based on the rc-minute samples, 
and z j  cc Iig. greater than the thiocyanate space based on the 30-minute samples. 
The variability of the 3 measurements was roughly equal, that of the 3c-minute 
thiocyanate space being the least. The mean difference and the scatter of duplicate 
determinations oi the radiosodium space was greater than those for the thiocyanate 
space at either IO or 30 minutes. 

Serum Sodium and Potassium C m e n / r ~ i o n s .  The mean serum sodium concen- 
tration, based on a total of 55 determinations in 3 rabbits, was 131.9 mEq/l. with 
a standard error of 0.97, The mean Serum potassium concentration, baed on the 
same sera, was 4.58 mEq/l. with a standard error of 0.075. Serum sodium levels 
showed less random variation than serum potassium levels. There was no correlation 



I 

of the interval bera-een duplicate determinations of either serum sodium or potas- 
sium levels and the magnitude of the dfierence. 

Tissue Radwsodium Space. The results of the analyses of the tissue radiosodium 
spaces in 6 normal rabbits are summarized in table 3. Of the tissues analyzed. the 
cartilage, skim and kidney contained the largest amount of radiosodium per unit 
weight. Skeletal muscle contained the kast. Considerable variation was noted m the 
radiosodium space of some organs, e.g. subcutaneous connective tissue, liver, appen- 
dix and cartilage. 

TdcJ Wokr Calcnt of Organs and Tissues. Total water content of the various 
tissues and organs arc given in table 3. The appendix and the lung ~ t o i n e d  the 
largest amount of water per unit of weight of tissue and the tendon the least. The 

TABLE a & ~ ~ A E Y  or DATA ON-EXTXMZLL~ ~LUXD VOLOM AND E ~ C T R O L Y ~  comumuno~ 
IN N O R X U  -BITS 

COY)*WONO..nro-AS€aS 
alPIlmuv 

uamm 01 DI~MRIPOT~ 
MBNrrOUUt*MU*Y 

I 
I 

i I 

I i .I 1 1  
I- I 

I I- 

Body weight (kg.). . . . '  68 ; 3.17f.538 I 1.97-4.50 

: 4.yzt3.15 *XI 
Plasma volume 

Hematocrit (vol. %,.. 65 38.8&4.;6  ~ 7 - 4 8  ' a6 4.46*3.73 , 0-q 

Total blood vol., 

Thiocyanate space 

Thiocyanate space 

Radiosodium space 

Serum sodium 

Serum potassiuni 

rl?, (cc-). . . . . . ... ..! 67 1 42.3k7.38 1 -58 

(ccikg?. . . . . . . 65 69.8f9.12 5-93 26 j 6.34fj.2j ; 0-20 

(m/kg.) IO& ..... I 68 2 1 ; . S f I 7 . 8  , I 7 7 Z j 0  , 29 1j.03*1O.j3/ 0-50 

(cc,kg.) 30 min. _ .  jo 237.6f1j.1 210-271 18 8.6658.42 ; 0-26 

icc,kp.) OS 263 z f z : . ~  223-308 29 16.jj*1j.61 e 8 1  

(mEq I jj J j I  '>=; 2 lIG-147 * -  - 7  (1  72f4.16 1-14 

( a b ) .  . . . . . .. . 55 4 .  j8ko.56 3.4-6.0 22 ~ 0.30i0.29 1 0-1.0 
_ _ _ _  _~____..___ 

coefficients of variation for the determinations oi the total water content of any 
tissue or organ were usually smaller than those for the determinations of the radio- 
sodium spaces. 

DISCUSSION 

In the initial experiment (table I), it was found that when a series of 9 to 13 
determinations of the plasma volume, hematocrit, total b i d  vdume d t b ~  I+ 
minute thiocyanate space were made every second to third day in n o d  rabbit, the 
rropsdive means and standard devktions were 46f5.5 ccfig., 3sf4.3;mhmpsr pa 
Cent, 72f8.9 cc,'kg. and 194f21 cc/kg. The values obtained m the subsequent 
studies involving a single or 2 repeated determinations on normal rabbits lgreed 
fairfyicbsely with the previous serial determinations. In the only other SimiLt study 
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23.6jf2.16 Skin 44.05f6.8j b 3 . 9 9 f 3 . 7 8  Hear: 
Subcutaneous con-, 31.  ~ ; f o  04 t ~ z . ~ ; & ; . ~ j  liidne\- 142.1.4f6.j.3 

nective tissue j Appendix 13. j 6 f 6 . 5 9  
I rj.02+2.20 ' 6 j . 7 6 1 6 . 1 6  Stomach 24.41zk j .68 
I 

Diaphragm 
Spleen r ~ . : o + : . j h  76 .+d?jzr,jY Ear cartilage ~ j r . 9 1 f r o . 1  

oi normal rabbits which has heen found in the  literature I j) .  the mean of the deter- 
minations of the total t ) l o c d  vdunie in 60 rabbits was 70 cc kg.. t)a.;eti on samples 
obtained 6 minutes aiter injection of the E\.ans Hlue. The incan value of the plasma 
\-olume was 50 cc kg. The blood volume was iound to be proportional to the body 
weight and not to the surface area. These results are consonant with the fiadings in 
the present investigation. No comparative data have been found regarding the thio- 
cyanate space or the rate of disappearance of the ion from the blood stream in rabbits. 

The results of the present study indicate that regardless of whether the thio- 
cyanate determinations based on the IS or pminu te  samples or the radiosodium 
space based on the one-hour sample are employed as an index of the extracellular 
fluid volume, consistently reproducible results can be obtained, at least in normal 
rabbits. There is valid argument against the use of the Io-minute d g s ,  since 
equilibration had not 4kcurred at that time. However, for technical masom, this 

77.97f3.16 
76 .38f0 .09  
8 0 . 2 1 f I . O E  

7 7 . 9 5 f I  .08 
,65.ogf2.20 

TABLE 3. smow~ OI DATA ON TISSUE RADIOSODIM SPACE AND TOTAL WATER CONTENT IN 6 
NORMAL RABBITS 

I, 
I! - I -  I . _ I .  --- I 

has proved to be the most practical method %-hen serial determinations are made on 
a jingle animal. Actually, the  jc-minute thiocyanate determinations revealed less 
scdtter than either the Io-minute thiocyanate determinations or the radiosodium 
determinations. The exact significance of the thiocyanate space, however, remains 
in doubt. Determinations of the thiocyanate space in various tissues and organs and 
their comparison with the sodium space might clarify this problem. The pment data 
indicate that in normal rabbits the thiocyanate ion at  equilibration consistently 
measures a space roughly IO per cent less than the space measured by radiosodium. 

The mean radiosodium space of 26.3 per cent of the body weight'found irl the 
present study agrees with the values obtained by previous investigators with a smaller 
number of rabbits (6-8). Manery and Bak (8) aitkpml the rubodium content of 
rabbit tissues with their covtent of chemically determined sodium and found that 
the specific activity oi all tissues except the nervous tissue was constant. They con- 
cluded that "with the exception of the nervous tissue, in I hour 8 minutes, injected 
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radioactive sodium tieclrnez clistrihuted betxeen tissue.; . i n t i  plii.;ma in precisely the 
Same ratio as normally occurring sodium." Most of the tissue w;otliurn values reported 
by Manery and Hastings (9) were higher than those obtained i n  the present study. 
One possible explanation ior this discrepancy may be the difference in the methods 
employed in sacrificing the animals. Decapitation of animals does not result in as 
thorough exsanguination as severing the neck vessels. The twefold discrepancy in 
the values for ovtilage is di5cult to explain. 

The total water content of tissues obtained in the present study are summarized 
in table 3. These values agree well with those obtained by Manery and Hastings (9) 
and by Skelton (IO). Less discrepancy was noted than with the determinations of 
the radiosodium s p a .  

. 

, 

&MARY AND CONCLUSIONS 

The normal values and their random variations for the extracellular fluid com- 
partments in normal rabbits were determined. Plasma volume was determined by 
the T-1824 dye method; the thiocyanate space,' by the dilution of sodium thiocya- 
nate; and the radioQodium space, by the dilution of Nan. Serum sodium and potas- 
sium concentrations were measured by h e  spectrophotometry. In a series of 39 
animals, the plasma volume was found to be 42.3f7.38 cc,/kg.; the total blood vol- 
ume, 69.8f9.12 cc/Pg.; the thiocyanate que, 217.8f17.8 a&.; a d  the radio- 
sodium space, 263.2f22.1 cc/kg. The Serum sodium concentration was 131.gf7.2 
mEq 1.; the serum potassium concentration, 4.58fo.56 mEq 1. The mean dserence 
between 2 determinations in 29 rabbits was as follows: plasma volume, 4.1qf3.25 
cc 'kg.; total blood volume, 6 . 3 4 ~ ~  j . 2 5  cclkg.; thiocyanate space, 1 5 . 0 3 f I O . j 3  
cchg.; radiosodium space, 16. jjf 15.61 cc,'kg. Sepenty-one serial determinations 
were made on 6 rabbits over an aggregate period of 206 days. The results were as 
follows: plasma volume, 4 6 f 5 . j  cc,,kg.; total blood volume, 72f8.9 cc: kg.; thio- 
cyanate space, 194f21 cc kg. The \-dues obtained upon tissue analyses for total 
;rater content and radiosodium space are given. 

The total blood volume, calculated from the piasma volume and the hematocrit, 
was 69.8 cc.%g. This value was constant in normal rabbits and appeared to be di- 
rectly related t o  the bod>- w i g h t .  A previous investiga:or 1'6) had obtained prac- 
tically the identical value, so that the constancy of this value appears to  have been 
established. 

The exact signiiicance of the thiocyanate space remains doubtful and will not 
be resolved until comparative studies of the concentration of the sodium ion and the 
thiocyanate ion in various tissues and organs are made. From the present study it 
can only be concluded that the thiocyanate ion at equilibrium measured a volume 
which was approximately IO per cent less than that measured by the radiosodium 
ion. Whether this relationship would continue in abnormal physiologic state; remains 
to be studied. Presumably the radiosodium Wn at one hour measured in various 
organsand tissues the volume of fluid which was extracellular. The thiocyanate deter- 
minations were reproducible in normal rabbits, regardless of whether I* or pminu te  
samples were compared. The random variations in the valu& for the thiocyanate or 
the SaM space were roughly equivalent. Tissue sodium spaces are probsbly not ann- 



parable unless a uniform technique is utilized in sacrificing the animals, since it is 
obvious that variations in the amount of residual b l t d  in the organs and tissues 
would alter their sodium content. Since serial determinations ol the fluid volume 
spaces are more reproducible in individual animals than single determinations in 
separate animals, experiments should be so designed as to take this obsenation into 
considera tion. 
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Frojec$ leaders D r .  Camillo Artom 

Ihe  present re?or t  covers the work done fron March 16, 1950 through March 15,195 
This uork i s  a d i r e c t  conkmuation of t h a t  previously done under the 8pOa#rrsh.ip of 
the A t m i 0  Energy C d a e i o n  and sumarized i n  mry p r o p e a r  report of Yareh 15, 1950. 
In addition t o  the writer, the following inves t iga tors  par t ic ipa ted  b the research 
work: IG A. Swamon, ph, D., 16. Crowdor, MO So, PO Mitchell, Graduate Student. 
Technical assistanoo wau given by 6. Tbrhune and for limited perioda, 
and J. Giles. 

& l a h e r  

4 General outline of the work. 

During t h e  past  year a few additional experhenla have beun nab in order 
to complete the 
dria, and on t h  
liver slice#. 
in b o  cam$3J;e 

- .e 
E 

two- series of i m s t i g a t i o n s  on t h e  EiDide CmDosi t ion  of mitochon- to complete the two-series of i m s t i g a t i o n s  0% t h e  Cipide composition of mitochon- - dria, and on t he  m o r p o r a t i o n  of inorganic 9 i n to  the phosphoIipide8 of isolated 

in b o  cam2ieJ;e pa?ers (one oublished, W-e other submitted for nublication f liver slice#. on these subjeots have beem or anized Previous and present rerdfr 
pa?ers (one oublished, W-e o 

_ _  ~ 

9% i n to  &e phos&oIipides of isolated 
on these subjeots have beem or anized 
Ither submitted for ?ublication f 

A n\EcLber o f  recent  data S t r O K l j -  suggests that fonoaldehyde (and/or fomic  
acid)  are i q o r t e n t  intermediates i n  the biological  oxidation (perh'aps a l 8 0  in *e 
sptiaesis) of the =ethyl group of  several cac~ounds, i n c l u d i w  choline. n i s  '-2s 
induoed 'ue to 8-  ths Dispo8al  of f o r m a l d e w  in tiaauea. somre of *e p.Sliai2- 
ary findincs have been and others will be reported shortly. 

Ths main results of each series of investigations ace sunmariced below. 
Severel of these results, even i f  they are  coEidered separately,  seam t o  oe of 
a considerable interest .  
fact tkrt ic o u r  >z.st an2 ? r e s m t  xrcs t i , a t ionS the -roblens have been a??roacked 
. ~ .  sim.~ltaneousl;,- from various u g l e s  a d  w i t h  various s q e r h e n t a l  tecimiques 
( i n  e v o  and i n  v i t r o  eTerTbects ,  isoto2,lc labeling of differeat moieties of fke 
~ ~ s ~ i - i d e ~ o ~ e ,  etc.). 

However, their significance is greatly enhanced by the 

%e corn3prlson between the  results obtaimd i n  5 e  



3. L l z i i e  c o q o s i t i o n  of  l i ve r  mitochondria. 

Aa r e p r t e d  previously, t h i s  s t u d y  was suggested,first by the high content 
of mitochondria i n  t o t a l  l ipides;  and, second, by the presence in these sub- 
st ructures  of  enzyme systans which are essent ia l  for  may oxidation ?roceases in 
the ce l l s  and xhich, more es;?ecially, under ?roper  conditions a0tivel;r synthesize 
phospholipides i n  v i t r o .  Several complete analyses of  the l ipide nixktres in the 
I? large g r ~ u l e T r ~ n , e e p a r a t e ~ b y  differentid centrifugation of li-r IKIEIO- 
genates,had been made l a s t  year and t h e  results reported verbally i n  a summrized 
fom. Addit ional  analyses were made nore recently, i n  order t o  compare direct ly  
the con?osition of  the large granule f r rc t ions  and tha t  of the uhole unfractionatsd 
liver. The results of such a c m p r i s o n  confirm our preliminary conclusion that 
mitochondria have a higher proportion of  lioides, e s p e c i a l y  phospholip~des,  but 
t h a t  Lie conposition o f  these l i? ides  i s  not  essent ia l ly  different  from that 
present in the whole liver. 
presence o f  unusually lar  

Unlike previous clains, no evidence was found for the 
anounts of peculiar lipides, such M uambrosides and 

I ~ o $ ~ o s ~ ? - o l i ~ ~ d e s ,  in th-s Y fraction, ?. cor_?lete ?z?er has 5em ?re;clrod a d  
-,. +;IIs'neC .. c z  tkis s~btect. 

I l 1 2 3 0 1 \  



D. Incorzorr t ion of labeled choline b t o  the l i 2 i i e s  o f  i s o l a t e d  liver tissue. 

4- t I 1 2 3 0 5  Alsr -.lk- -' 
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! h o  ? r e l i r o i n q  r o 2 o r t s  have Seen or w i l l  be ?resented at sc i en t i f i c  ~ l e e t i q s .  
I t  i s  believed t h a t  o n l y  a lLdted mount of additional e q e r i m n t s  e r e  required 
before these results oan be organized i n  a c m p l e t e  paper. 

b t e b o l i c  ?athwap of  choline kz l i ve r  slices. 
Q 

- .  . .  1 .  . .  me -:-:or a o r t l c l l  cf ",e ~ 1 1 ~ 1  >>e -J- I , - - - v A .  -*,- - -  - - -- e c r s  ;.a:~ <?e i::c~,3?.302 
oan be recovered f rom t h e  aqueous extracts  by a s t rong  hyarolysis. 
water-soluble conbinations, i~ c o n k e s  t t o  l ec i th in  an6 Elpcero lphcs?horJ lc~o~i~e ,  
are  quite resistant t o  a nild :?dFeolysis, t.L~;5 rcvserolx; $?osZhorylcholine. 
7urtiisr -;;ark i s  secesscry before -,ne nature of these cor,binations c a n  be 
established -.7;-th certainty. 
;a';iwaj- of  c h o l i n e  netebolisn In the isolated liver. 

These 
1 .  

At ?resent, *tkeir f o n x t i o n  qpee r s  t o  be the &or 
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Rogress %port of ths work done on 

TOXICITY CF p* AS FELATED TO l'm DIET AND TO THE FUNCTIONAL CAPACITX OF TZE LTv'E3 

sponsored  5y CF:e A t o n i c  h e r 3  Cannissior un&r d i r e c t  co l l t roc t  (AT-(40-1)-286, 
E t l e  I11 ?;its1 the 3 a ~ i n m  Gray School of  Yodfcire. 

fiincipal Invostigetorst  h . 0  George To Earre l l ,  Jr., Dr. Canillo Arb, and 
Dr. David Cqmr 

The present re?or t  covers the work dons fram k c h  16, 1950 t o  k c h  15, 1951. 
Thl8 work i s  a d i r e c t  continuation of  that summrited i n  a pre.Pioua report of 
ldarch 15, 19500 

1. General plan of the  e*qeriments. 

During the past pram, the study of d i e t a r j  f a c t o r s  which nray protec t  the 
tLorw8 a g d n s t  the injurious e f f e c t s  o f  the  isotope has been conflnusd actively. 
Sinoe radioact ive phosphate exchanges rep id ly  w i t h  the  inorganic ccmpomm* of 
*e bOllB8, it seamed likely t h a t  the d w e  t o  the bone marrow and the consequent 
impdnnent  of i t s  blood c e l l  fonning capaci ty  represents  the  chief  f z c t o r  for the 
**city of ma ( t u  mm11 as of other radioisotopes uhioh Bse a l a 0  dsporited 
preferemtially i n  the rkeleton). Accordingly, it wn6 thou h t  that  a more or less 
marked S r o c e c t i o r  against  t he  tox ic  actioE ai' b o r g a n i c  could be obt.?;-ed by 
either of tho  following nechanigmst 
the i so to? ic  ahos2hete fron t h e  bones; t X s  o o ' o i l i z ; . t i o c  should shorten tl-e tim 
of the  e>?osure 0.' tine Sone m a r r a w  to radiation and oonsequently decrease the 

severit;- c f  t i s s u e  d a a g e j  b) m i x r c a s c  i n  t h e  rec=-ce,-,- a d  rn;ensrasioz S 
t h e  t i s s u e ,  i . rLt id ly  cknqed, In this  ras?ect, it seened l i k e l y  that  the 
maintemz.7e o f   EL?^ a2ec;xate sx?>lly of ';he f z : t z r :  invol~e2 12 noma1 ? - w . o p i e s i s  
m y  be o_' ;rs?.t -yL:wt*-I1ce. 

a) an izcrease in t h e  rete 02 a o b i l i z a t i o n  of 

Ia experinents h i c h  we hsve reported ~ r o ~ l o u s l v ,  t h e  beneficial effects  of  an 
incrsase  l a  t:?e a:?os?:?dx sac",snt of th S s t  have *men zated. Tkess ros-1%; L x - 9  
been a m  extended and the in te rpre ta t ion  that 2hosphzte i s  mobilized and excreted 
firtker con-"irned by the Ectual demnztrct ion of an increased elimination or' t h e  
isoto-p in t h o  urine. Several other s e r i e s  of ex;f?r-hexts have h e n  =de TLC. $::e 
addition of considerable amounts of rodium c i t r r t e  t o  the die ts ,  
byincreasingth onceztrztion of'ci.breCts izi 31ood an? t issue,(t irus r e h e  Ca++)r zh* 

Tte of e xcretiozl Htnvwer, the data  on both the  mor ts l i tg  of  t h e  ani?als and the r-. 
of  the  isoto?e have been quite iztconsistent, end no s t a t i s t i c a l l y  s i g n i f i c a t  
d i f fe rence   as observed k k e n t h e  e s p r i z e n t n l  groups and the CoIFtrols. 

It wad hoped t h a t  

. mobiliratiaa of t .th oalciun and phos&orua f r o m  the bones would be enhmoed. 

3. Epfec t s  of parathpoid hormone. - 
Since -;he adninis t ra t ion o f  ? a r a t v o i d  hormone is said, t o  mobilize ca1ci.m 

from t k e  3one aod iacrease the excretion o f  c a l c i m  cad ehos?horus in the 9 w ~ r e ,  
se-reral croups of  mi:$ have been injected - , T i E i  Scrathyyroid boy-one short ly  before 



d imnsdiately after the introduction of  
prOSeS8,  and themfore no deffnite rtatslnant o a n  be made on t h i s  point. 
o w  imprctssiorr, hamever, that l i t t l e  or ao protec t ion  is apparent apiiiIlst the 
e f_"?c t s  o f  dosss of p2 i n  the higher  range o f  the  LD,, dose.  Be a r e  pluming 
t o  coxtirdc 

n o  e:qeriments arc  s t i l l  i n  
I t  i r  

;ti:dy on anhels  inj"ctod ~ 5 t h  s m d l o r  anounts  of L I e  i so to-p .  

32 
4. Sffects  o f  f o l i c  a c i d  end v i ta i= l  %z on t h e  su~mival of  mice in jec ted  wi' ;h E: . 

Among the hamopoistic fnc tors  which might a f f e o t  the recovery fran rad ia t ion  
i n j q ,  f o l i c  a c i d  and vitamin %2 semed to be worth investigating. Sane beneficial  
e f fec ts  of f o l i c  ac id  on the survival of animals i r r a d i a b d  by x-r?.ys have been 
described. However, nei ther  
hematological changes f o l l h n g  t o t a l  b06y i r rcdiat ion.  
(mentioned i n  our lest per's r e p r t ) &  the addit ion of' large amounts of fo l i c  acid 
o r  
tox ic  e f f e c t s  of  lethal doses of p2. 
continued w i t h  the folluwixq changes i n  the dispos i t ion  o f  the  expr imen t s :  
a) the dose of pa in jec ted  has been decreased t o  the laru. r q e  of t h e  % dore, 
and the length of the erperiatents inoreared f'mm 3 t~ 8 reeks, so that the rffects 
of the vitamins on the recovery o f  the animals  (rather than on the actual denage 
t o  the tissue) could be studirdj b) since l a r g e  amounts of  vitamiss are probably 
synthesized by the intest inn1 flora,  8ulfaruidine uas added t o  the d i e t s  of the 
a z l i m a l s  in an at-* to re&oe t h i s  ~ource of ritamiru. &UB, the effectr of the 
isoto2e o n  -ri tenin-<eficient animals could be direct1ycon;med with t k o s e  observe? 
in m i n d s  receiving adequatx amounts of t h e  ;reformed vitamins in the diet) 
c )  since several observetions noict  t o  e. synerg is t ic  act ion o f  d x t u r e s  o f  vnrious 
vitamins, especially of vitamin a,, and folio acid,  the i w l e t e d  and o d i n e d  
a&inis t r? . t ion of' these and o ther  vitemins has been teshd. A tctal of 525 nice :?as 
beer us32 i n  these e ~ e r i m e n t s .  
of eqeryJner,ts in -~--:c.-. t h e  :.:.tion o f  fclic (FA) ,  ~ t m b  +, biotin (3io),  and 
r-tami-r: i: hzve been t e s t e d  In z ice  011 sulfesz:T'_dlre-ccntdcln.g 2 ~ 3 t S o  

acid, nor Vi- %z appeared to m o d i 0  the 
In preliminary e::priments 

+z t o  the  d i e t s  did not glve any significant p o t e c t i o n  against the 
During the past  months, the invest igat ion was 

In the fol lmAng t rb le  m are sxumriziag Lk.he res.2cYs . .  . 
.. 

Ta>ls I 
X f e c t s  o f  Certe.ir,  V i t U  on the 2urvival of Xice Ic'ected ~5th. 9" 

. . . . , . . . . 
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Table 

JC- 

t 

I (conticued) 

In tm c d c u l n t i o n  o f  the avg.time of survival, a survival  time of 56 days 
was ascribed t o  the mice still alive a t  the ecd o f  t h e  experiments. Values 
preceded by + are t h e  standard errors of the me-. 

Not i n j e c t e d  w i t h  *. 
- 

It should be pointed out t h a t  when the results of  the control  groups are . 
compred  *th our ;repious d e t a  on t h e  t o x i c i t y  of pa 5.n mice on d i e b  a b  
sulfasruddine, it i s  apparent that the izrnlusion of sulfaauxfdine i n  the  diet does 
not increase t h e  s u s c e p t i b i l i t y  of the animals to t he  i n j u r i o u s  aotdm o? the 
isotope. Fron the  previous end present expriments ,  the following oonclusioas o m  
be drawn: 
v i t a m i n  %2 to diet8 wi thout  sulfacluxldbe had no significcurt effect on the s u r v i v a l  
of mice in jec ted  v d t h  a dose o f  Par, in the higher range of the  LD,, (21 deys)j 
b) Supplemszrzlcn 0: t h e  sulfasuxidine-coztdniininE; S e t  w i t h  f o l i c  ecid -byoved 
s l i g h t l y  t h e  survival figures.  Vitamin 3,, d o n e  wa8 more effect ive.  When, huwever, 
both  v 5 t d n  BL2 ar= Zolic acici were added t o  the diet ,  tkere was a sigxrificant 
inprovem-t i n  the survival of t h e  animals; c )  The f'ur&er addition of b io t in  and of 
a s p t - . e t i c  Tltccnin ii-like L;rc&uct d i a  n o t  ed--cnce the 2rotect ion exerted bj tiie 
mixture  of  f o l i c  acid. 

a) %e addi t ion o f  genereus munts of f o l i o  acid, o r  f o l i c  acid and 

vi tmic  S12. 

5. Effecfs of folic acid and _ -  vitamin BIZ on t h e  hemrtoloKica1 changes f o l l m h g  
&e i r t ro-5uct ion  of  F. 
These eToriments were c e r r i e d  out  wi th  the purwse of studying Ff and to +&et . .  er&eat $:--a 3 e z e f i c i d  e f f e c t s  o f  v i t m i n  9,, end f o l i c  ZCIC on the s u n i v a l  o f  iiLcc 

in jec ted  w i t h  P2 could be asorlbed t o  a more rapid or ocnnplek ncovbry  frcm the 
hezatologice.1 c-es czcsed by the isoto>e. In  a nunber of experiments, several 
g r o u p  o f  z n k - 1 ~  :;ere maintained on the snze diets e q l o y e d  i n  the ex?erimsnts of 
the precediw section. 
after the introduction of  p", so -&at s u f l i c i e c t  blood could be obtained f o r  
determinations of hemoglobin, r e d  blood c e l l s ,  white blood cells and h m t o c r i t .  
Af te r  a? izit5.d fell, the  hmoglobiz ,  rs:! c e l l ,  and white c e l l  values rose 
z;ircs;i-i-eL;- L z  r.11 g o u ? s  o f  U ~ L L S .  
efter t h e  adninistration of  p, a l l  these values in  the blood of  mice rece ivhg  
L &e n 5 x t u - s  oz' Zolic acid and vitamin %a wers consis tent ly  higher t k m  :n Lhe blood 
o f  t h e  o%er ;rou?s. 

One animal in each group mu saorifioed at regular i s t e r v a l s  

- _  
;01'~xr, between the 13th zcct t h e  563- 322- 
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6. Other s - y e r i m n t s .  

?reliminary se r i e s  o f  eTeyiments have i l s o  been carried ou t  in order t o  
explore the possi5le  protect ion exerted by other factors. Some of these factor~l,  
suoh as tke administration of  cysteine,  have been claimed t o  be ef fec t ive  in the 
protection against t o t a l  body irradietion. To date,  our results on mice injected 
w i t h  
bioarbonate (to rdpb t he  d i e t  alkalosio), o r  annoniun chloride (to the d i e t  
acidosic) are  being tested, but much more work i s  required before dofinits statements 
on this point  can 5e made. 

end cysteine a m  inconclusivea The affects of adding to the diots s o d i m  

A 

1 1 1 2 3 1 3  * 



S m w r  of 'ihe work from k c h  16, 1950 through March 15 ,  1951 on the rJroject 
&scribed a8 

The W l u e n c e  of a nmber of d i e t a r j  fcctoors on *e toxicity of i n j e c k ?  
i n t o  mice es sodium a o s p h - t e  haa been studied. 
apce of an cdequate supply of B PiWns ,  sulfasuddine has been include6 in the 
d i e t  i n  order to reduce the qmthesir of t h o  viteminS by t h e  microorganiaaa i n  the  
intestine. 
deficient and the 8urviral of mice on the sene diet  8upplsmented w i t h  the r L t a z ~ x h 5 ,  
it appears that the oarbined administration o f  vitamin .nb fo l fe  anid affords 
a quite significant proteo t ion  against the injur ious act ion of the radioisotope. 
It is suggested that  such a protect ion ie possibly due t o  the enhanosd recovery 
and regeneration of the blood forming %laments in the bone PDBFFOII. 

In an investigation of t k e  im-xrt- 

From a comparison betmen the survival of  mice thus mads d t d -  



s;ozsore5 by the A2mic 2nergy ComLssion under 2irect  coctrzct  XT-(4&1)-288, 
T i t l e  111, w i t \  t h e  B a r n  Gra; .  School of' Iiedicine. 

Pr inc ipa l  Invest igatorsr  Dr. CSanilLo Artom, Dr. G.T. Harrell, Jr., and Dr. Dadd Cayer. 

According to the o r i g i n a l  plan of the invest igat ion,  the acute tox ic i t j j  of 
P2 has been studied in r e l a t i o n  t o  the p o s s i b i l i t y  t ha t  changes i n  the functional 
c a p c i t y  of t h e  liver mey modi0  the s a c e p t i b i l i t y  of the  a n i n a l s  taRard tbs 
radiation effects .  
deficiency of  l ipo t ropic  f a c t o r s  ami of a p a r t i a l  dnmrpe of the l iver by poisons 
such as C C L  has been studied. While t h e  results seened t o  miminize such a role  
in the acute t o x i c  e f f e c t s  of the  isotope, t b y  indicated def in i te  differenasrr in 
relatian t o  t h e  composition of the dietr. Accordingly, the e f f e c k  of q w u t a t i v e  
v a r i a t i o n s  in  several d i e t a r y  coqo&nts have been investigated rrith r e s u l t s  lphich 
neeen of a certain in+&rest. 

In the  f irst  series of experiments the ro l e  of a dietary 

Ihe  general  d i spos i t ion  of experiments, the  points b e e t i g a t a d ,  the  
res -d ts  o j ta iaed  md. * e  ;lans f o r  m t u r e  ex-er-bents are  s - m a r i z e d  below% 

2. 
21 days duration, using 90 mice maintained on a lo$ protein, 32% fat diet. 
t h s e  conditions t h e  LDB0 dose l i e s  3etr;een 4 &id 6 n ic roc*xies  -,er ;rLT or" 30%- *;+t. 

& t e x l n a t i o n  of L,kc L3,, dose. %e LD,, dose ES 2eter:hed in e:::erL:cnts o f  
Ip 

3. 
Tne r e s u l t s  obtained in 55 mice on a la-r ?rotein,  high f a t  d i e t  (wbich is deficient  in 
l i9otropic  f a c t o r s  and causes an extensive fa t ty  i n f i l t r a t i o n  of the l i v e r )  were con- 
pzrec! -:;iL3 those obtcined i n  43 mice, m i n t a i n e d  01s the  s m e  i i e t  sup2lenented ;Sth 

PS" *.e l i v e r  ~ 7 2 s  ;zrti?ll;* cicnazed 3;. 2 o r  5 sxbcatuaczs  k:sc-:ions of ~ 1 ~ .  

suFrlme?-ted r i t h  choline. 
grou;)s on e i t h e r  the choline def ic ien t  o r  the choline sm2lensnT;ed diet ,  whether o r  
n o t  t:--z l iwr hac! be22 ?re-.tLoxsl;- k--a;ea 07 C21,. 

F a t t y  i n f i l t r a t i o n  o f  the liver, C X 4  ?oisonin,; end l i?otro?ic  factors  in the diet .  

- generous amounts ol" c;ioline. Ir, &?other series of' 30 mice, ? r i o r  t o  introduction of - - these anizlals were then maintained. on Cie def ic ien t  d i e t  aad others on the same d i e t  
h3 
W - 
cn 

- 
5 ~ 2  o f  

:idfever, 30 s1:cificant CSfference was detected betrreea tile 
_ -  



-- 4. variations i n  the level of dietary fat and ,?robin. 280 mice were maintained 
on 4 different d i e t s ,  res7ectively l am i n  x o t e i n  and f&t#  high ic ?rote*b and lorr 
i n  f a t ,  lor i n  ;rotein and 'ni;h i n  fat, r i zh  i n  both Frotein LTC fa t .  %e reszl ts  
clecr:y 3;.c*; -.- OJ- ---o s',;c,- - _ v i ~ i l i ~ -  - L . -  

(6 ~ 2 ~ v c x - i e s  per ;rz) Lccressed .ZSLZC;L;- -,r;iLt the increase iiz i A . e  le-;el of 
?ro-,ein, o r  "at, o r  20th. i ? l L G ,  -;.<th a lose of  6 nicrocuries of P" 2er ;rm of 

w i % k  33-: deaths a t  ci;e 12th day, whereas ir. the nice on t h e  low fat, low ;rotein 
diet, t h e  n a r t a l i t y  at tlze 21st day was 6% w i t h  5% deaths a t  the 15th d q - .  
t en t a t ive ly  sugzested that the suscept ibi l i ty  t o  radiation injury sera l le l s  the r a t e  
of cletabolisn, and that the specific d p m i c  action o f  the dietary conponents 
(espec ia l ly  protein) may partly explain the results obtained. 

of *&e ~ L X ~ S  t o  ~ h o  i r . :u r io-s  ac:ic: of p3" . .  r - . c . u  1-*u  

3od;r -..;ci;:?.t, 'he nor ta l i ty  o f  the nice on tihe kigh f a t ,  hizn srotsiz L e t  *.-me 1 8 G 3  97s 

It i s  

5. It was thought possible8that 
by increasing the m o u n t  of phos9hate i n  the diets,  the mobilization of t h e  
i n i t i a l l y  deposited i n  the bone, would be enhanced and, consequently, the effective 
tine of eqosure  t o  the isotope of the  tissues (especially the bone marrow) would 
be shortened. 
w i t h  6 microcuries per grrpn of body might. The results ahow a r i p i f i c a n t l y  decreased 
suscept ibi l i5y i n  the nice on the ?hosphc?te enriohed diets. Thus, in a group of  mice 
on a diet  high in phos2hate (2,s as %E4) a n o r t a l i t -  o f  39$ a t  the 21st d ~ y  ins 
obserwd as conpared w i t h  a mortality o f  8 9 s  i n  the nice on n loar phs$ate d i e t  
(0.3% as Horn4): the  times of 5% deaths in these two groups were 23 and 14 d y s ,  
r e  s -cctivel;-. 

Variations in the phosphate content-of the diets. , 

Three series of ezprhents were made on a t o t a l  of 167 mi-, injected 

G.5 8.2 4.6 3.2 

1.3 

Additional exprimente will soon be started,  in which the action o f  o"Sler factors 
vbic'r, xzizht e rhnce  the excretion o f  ?hos?hate ( such  as parath3Told hoxy-olle, c i t ra tes ,  
etc,) rill be investigated. 

6. Variations in t h e  1y of certain vitamins. A protective action against external 
rad ia t ion  by enriching 
gated this point on 160 mice injected ~ 5 t h  

The results thus f c r  have been o f  doubt,%l s ign i f ic~zce .  
..e 2 r z  hm-evnr, c o n t i a - & - ~ ;  3zr e:::eri--e?-t -::itl= die ts  con",elcir?; t;:-2fas?a:i$ke iz a;i 
a k t e q t  t o  inhibi t  the bacterial  f l o r z  k?? the intest ine,  whlch is an i q o r t e n t  source 

d ie t  .rith f o l i c  acid has been described, ;ie have r e h v e s t i -  
a d  !cept on various diets uith o r  with- 

o v t  add5tions o f  f o l i c  acid. 
--, - - - o f  several  v l t z 2 3 s ,  iacludin;; fo l i c  acid. 

-3 
W - 7 .  lu-kare eqerinents .  I t  i s  ?lamed t o  use sawvihat smaller doses 0," radiozctivity 
F and t o  kee,- t he  a n b d  s under experiment for longer prioda. Indeed, it IBBIIPB lilcely 

that. i n  e-Ferinmts  of acute or sxbacute toxici ty ,  the percentage azd t ine  of scrvival 

JA, rb- JlpsbJlllr 'e 4mm- - -- rdlb- - 



The results sm-erized above have Seen repor ted  or are on the  srograns o f  the 
I’ollmrixq s c i e n t i f i c  meetings: 

* 
Sou thas t e rn  Sect ion of the Sociebj  o f  Experimental Biology and Liedicine, 
k h a n ,  N. 2,, J~XLZWY 1950, 

Southern Society for C l i n i c a l  Research, Kerr  Orleans, La., March 1950. 

t I 1 2 3 1 1  
. “z. 



S u n n n a ~ y  of tho work done from July 1, 1949 to k c h  l ~ ,  1950 on the projeot 
described as 

In  mice maintained on a 1% casein,  3 s  f a t  d i e t  and in jec ted  i n t r q e r i t o n e a l l y  
w i t h  a s ingle  dose o f  P a  as Na&FOI, the LD,, dose a t  the 21st day l i e s  between 4 
and 6 n icrocur ies  2er gram of body weight. 

Ueither the fatty i n f i l t r a t i o n  of the l i v e r  (induced by a deficiency of 
l i p o t r o p i c  factors,  with o r  without p a r t i a l  danage of  +he organ by poisoning with 
C C k ) ,  or  i t s  prevention (by rmpplenenting the diet w i t h  choliae) c h q e s  the 
s u r v i v a l  figUre8. 

average survival  tine of mice injoctej .  with F2 are highest  w i t h  a diet l a m  i n  
f a t  and in protein, and are s i g n i f i c a n t l y  decreased xken the l e e  the fat, or 
0: t::e ; r a t e l s ,  l;r .:D~'- LA, a r e  i i x y z s e d  Lr: Ex =et. 

The tine of 505: deaths, t h e  F e r c c n t s p  o f  survival a t  the 21st day azd the 

1 .  

C-. T. Z r r e l l ,  Jr., Ed. 2. 
n 



Rogress report G- tr. research project 

The ?resent report  co-zers t h e  sor!: doze f r m  July 1, 1949 through Uarch 15, 1350. 
This work is a continuatcon of previous work which vas sunnarized in  the final report  
t o  A&e Office o f  Naval Research. 
sent t o  the Division of Biology and b d i c i n e  o f  the Atomic & e r a  Conmission. 

COT- of t h i s  re?ort ,  d a k d  September 1, 1549 was 

B. Fornation of phospholipides i n  s u r v i v i n g  slice:  of the liver. 



The r e su l t s  of  the e x y r i n e n t s  w i t h  t i s sue  s l ices  m a y  be conpared w i t h  those 
of ",e e:pri.ne=ts in i n t a c t  animal. 
l ip ides  i n  the liver o f  i n t a c t  animals is independent t o  a large extent from the 
conposition o f  the diet ,  whereas phosFholipide synthesis In the isolated t issue i s  
great ly  affected by t h e  nut r i t iona l  s t a t e  of  the animal. It i s  ten ta t ive ly  suggested 
tha t  i n  t5e isolated tissu, the phospholipide eyntheeis occurs at  a maxim= speed, 
whereas in the in t ac t  animal, regulatory mechanisms are operating to b e p  the rate of 
ghos7holipide fornation a t  a l eve l  adequate t o  the needs of the  body, such a level 
b e k g  i n  ordinzry conditions much below the &m functional capacity o f  the tissue. 

As mentioned above, the fornation of $ m s $ ~ o -  

The action of various substances (choline, ethanolamine, betaine) added 
in v i t z o  t o  the s u r v i v i n g  s l i ce s  o f  l i v e r  has been also studied A-ther aad xost o f  
OUT 2revious findings have been confirmed. k t h e r  exprinents are in g o g r e s s ,  in 
which  other substances (e.&. diethanolanine, th iourea ,  ebb)  are added in v i b o  to the  
i so la ted  t i s s ~ d 4  

L- 

u- 

C. LiEide cozqositioc of l i ve r  ?i',ochondria. 

S i x  ; r ep ra t ions  of  "large granules" se2arated f r o m  rzt li?er by dif;'ere?lti-al 

T o t a l  l ip ides  e-xtracted frm the trichloroacetic precipi ta te  amraged 24% 

The 

3x1 

cen*if'-IZstion, h a ~ e  3ec-1 ?zal-;zed, 
dif i'icult. 
of ? k e  dry -;;ei;ht. 
p o t i d e s  an6 a smaller proportion of  substances soluble in triohloroaudtic Wid. 
a v e r x e  con?osition of  the l ip ides  was as followsr 
(Xzlr" or  za re  o f  it, as f r e e  cholesterol), 185 of neutral f a t  and other li@es. 
teztative dis t r ibu t lon  o f  the individual phos?holipides was: l ec i th in  43$, sphingo- 
mlin ?$, non-choline-containing ?hos?holi$des 56. LIost of these were phosphatidyl 
e -k tmolane ,  but a non-negligible fraction c o u l d  not be j u s t i f i ed  as e w o l m -  o r  
serine-coctaining p'nospholi7ides. W i t h  t h e  exception o f  one ye?arat ion,  very l i t t l e  
~ - : Z ~ S S  of  A* z-;qr ? ':is = G - U ~  ii <:-.e l i 2 i i e  e x x a c t s .  
i=lcox?lete extraction of cerebrosides, i f  pesent ,  cw- not be dismissed. 
mitochondria haire a characteristic-11;- h i zh  ?ro?ortior o f  li?ides, ea;-eci:ll;- -;::os~ji?o- 
l isi ies,  but the i r  c a ? o s i t i o n  doer: z o t  a??eax t o  be essent ia l ly  d i f f e r w t  f ~ m  tliat 3f 

=cr.-lete extrzc5ion of :hL= l i > i d e z  s c c z  vo 5e 

The rer.ain5q ?ut caitsisted essextiallg of Irateins zsi n-<Cleo- 

785 phos?holipides, 4.55 cholesterol 

.. -- .- .-v:rever, t h e  ros,lallL';,; of a;? 
L? conclusion, 

v.iL -: _ _  l i e s  . e k r n c t e d  Z i - m  :le 7:i:ole W r z c d . 3 m t e d  liver. 

!&e resxlts of  this investigation were r q o r t e d  at the January meting of the 
Southeastern Sect ion of the Society f o r  Experimental Biology and Eedicine, k h a n ,  IT. C. 

I \ I 2 3 2 0  ' 
- -* i' f-', 



In 5-.e f u t d r e  e q e r h e n t s  it i s  planned to e t u d y  i n  more de ta i l  the 
in vitro synt?--=ssis of phoapholipides under the action of nitochondrie. frox the 
l iver  o f  ra5s ir, cx- ious  n u t r i t i o a a l  stc?$es. 
CI 

-n ,zes3 o:.yerir.er;ts :lave been haT2ered by d i f f icu l t ies  in the s.y&%hesis of 
i so topic  choline. 
f o r  us a method o f  s;mthesis i+:ic:i s e e m  both comenient and efficient.  We a r e  a5out 
t o  use the  s;=+hesized material  in e y e r h e n t s  on isol:.ted l i ve r  slices. -170 a r e  
planning  t o  r u  a l s o  para l le l  e x p r h e n t s  with other labeled coqounds which are, or 
may be b t e m . e S w y  t e r n  i n  the formation o r  degradation o f  choline (such as betahe ,  
dbethylglycine,  and dinethylethanolanine). 
me+&ods f o r  the syntheshs of  these ~mpounds. It i s  hoped t h a t  i n  the course of our 
eqerirnents  sone indications w i l l  also be obtained concerning the mechanism of other 
biological  netir;TlEtions, besides those d i rec t ly  involved i n  the s p t h e s i s  o f  choline. 

Sr. Arthur ?oe cr" the Lnlversity of l io r th  C a r o l i n a  has nov develo?ed 

A t  our suggestion, 2. R o e  is studying 

The follorrin: pa?ers based on the results obtained in  the previous and 
present experiments of this project have been published: 

i)I;iS, Federation of the  American 3iological Socie-btlantic C i t y ,  No J., 
A2ril  1950, 



S t c = n r J -  of %--e vork fron July 1, 1949 through March 15, 1950 on the project 
described as 

GF 

Project leader: Dr. Caanillo Artan 

In  inkact U l s ,  the formation of  ?hos?holi?ides -,roceeds unhpaired  even 
under very adverse conditions, such as a d ie ta ry  deficiency of choline or choline 
precursors. This sugpests that  phosphoLipide formation i n  the liver takes a high 
pr io r i ty  in  the 7rocesses of  the i n h m e d i a q  metabolisn. 
i s o l a t e d  l i v e r  s l i ce s  2hosaholipide s p t h e s i s  i s  closely dependent yon tAe ?rev;,ous 
d i e t a r y  r e g h e  and i s  reduced by a decreased intake of dietary iroteins.  
suggested t h a t  in the isolated l i v e r  the formation o f  &ospholipides proceeds a t  a 
nwxbnnn rate, whereas i n  the  i n t a c t  minds t h i s  2rocess is kept at  a level adequate 
to t h e  needs of the aniinal, such a level  being, in ordinary  conditions, mch below 
t h e  fux",ocz.l cz-zcitj. o f  the tissue. 

On the other hand, i n  

It i s  

I . . \  I 2 3 2 2  



*ark perfornod ulCer h.C Contrac t  tio. k T - ( l O - l j -  Tit l e  I. 
The Coracrn   ray :'ct-c..l o c  ;:ed!:!nt of  'take t o r a r t  Col leue.  

m: t h e  a c t u l  oonr t ruot ion  of tha  I so tope  l a b o r a t o r y  OK t h e  
f ! f th . f loo r  of t he  Uedia.1 Lebo01, b u i l t  la  p 8 r t  w i t h  fundm from the p r o o e d l ~ g  
o o n t m a t  with OUR, warn completed and t h e  lab tumod over t o  ua June 20, 1949. ?t 
was dimoovered t h a t  t h e  m i g h t  of t h e  f u s  hood, do l ive re2  about  J u ~ e  30, ma 
groator t h a n  the  mupportlng #irdera o f _ t b o  o ld  roof Qf tho medim1 8 C h O O l  eould 
support  and henoo the f l o o r  plan of tho  l r b o r r t o r ~  had t o  ln revirmd af te r  eon- 
r t r u c t l o n  -8  oorple ted  ?n order t o  r e loa8 te  the  hood over a major e t r u c t u n l  
a¶rder. Thin n l o a a t i o n  lnro lved  morln# of a wall and i n s t a l l a t t o n  of a d d i t i o n a l  
~ h l e l ~ i n g  i n  t ha  form of boiler pla te r .  There r l t a r o t i o n a  wre aomp1et.d &ad the  
remainder of t h e  oqu lp r ra t  poraharod a d o r  thim j a a r ' 8  g n n t  n a  lnmtel lad by 
:uptenbar 15, 1949. Shlpeents of modlum 24 ware begun Coptombar 96,  1949. 

-: L r .  Jarri L. hlkewa,  one of t k e  ItEC fellows cisfilgrxtd tc us, 
hms been wrklng  f u l l  ti- on the p?oJeOt ainco t he  completion of his t r a i n i n #  
c t ~ r s * :  st Sukr. 

U i ~ a  -.loSwe .C.hoedeR, t techniclar , ,  began work hay 1, 1449,  b u t  tad t o  
t6 f r t :ned from s c r s t o h  i n  teChnlqUe8 beiw? u t i i i z e d .  h e  And &r.  - 1 k t u t  i ere  
s e n t  t; t!.e 3ak . i d q e  I n s t i t d t e  of  luclear 5tudleF  in Larcn,  195C. f c r  E s t o t t  
p e r l s l  o f  o b a e N c t i 3 n  i n  r e f i n e v e n t  of  t rcha iqLes .  

:r. : m e e t  Y c n t  ~ B P  esqiztcd clrnrt t l m e ,  cb,lefl:r i n  the l ics lqn of 
ex;, riaerito, monitoring, h e a l t h  physics,  bnc in t h e  fer hrron erper!stnto - which 
oftcr. have not  been d i r e c t l y  r e l a t e d  t c  t h e  prl-ry r s e e s r c h  p roJec t  - si-ulta~rously 
gel . ;  ,.-26G. 

-I-. . , i n g s l e p  Etavens, our second I i C  fe l low,  transferred t o  Chicago in 
eptectber 1949, 3 . a t  as he mas bccowing urcful t c  US. 

Zuly t: eFtenSEr 1940: Ir: orcer t z  a t f i ~ d ~ r d l i a  t e c k ? i ~ u e s  6r.d t -  t re i r .  
t h e  tect lniclan,  determinatlons of p i a s m  v o l u w  end t t~locyhntite  space rert dcna 
!- ri i t ;k:l tR in which serum elckness had been Ipduced l j  by injpctlon of human 
p l a s m  f r a c t i o n s  end 2 )  by p a s s i v e  t r a n s f e r  tecnniquee u t i i l z l n g  i m u n e  serum 
rrevinuoly crepsrc Ir? C t k e F  rybbite. L u r l n q  t. Is i n t e r v t ; ,  t f i r  f i 5 v  ; f , c t z -F t : r ,  
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spcctroch:-tometor, and tho cou t a r s  were lnmtalled and standardized but no 
l s o t c r r s  worm err ; l cyed .  

'eyteabtr : c  !tovn:*ber 1'49: -1ai lar  ex-erinentr ir. r a b b l t r  With uprum 
a l c w n e s s  GCCY mlth p t ~ a s l v o  tranofor  tectlni;ut?e were repectcd and o k c e r v i , t ! .  
mace 03 t,:e ~ - . " i u n  24 swce.  t l c s u e  A n  i ? w e  were dLnc fur s o l . l ; u  24 hnd t c t a l  
sodium I n  an attmmpt t o  l o o a l i u  the a r e i n  whlah the f l u i d  and r loc tro ly tr  
ehenger won tar lag  phoo. 

Horombor 1949 to February 1950; The variation i n  t h e  rsrulte  In tt-e 
experimantal rnlul lr  I n  tho preeedltw #roup9 rmaermltated d e t e m l n s t l o n  of 
normel e c n t r o l  t r l u e r  for  rabblts. ho ruah data  wore a v a l l a b l o  in the lltereturo. 

qarah 1960: ~rolinlrrrrty experiments m n  hewn u t i ; l a i w  tho above 
toohnlquos w i t h  a pnrusooooal akln infeation ("dormti1 pneumonia"). 

Bs multablo m s o s  wen s r a l l a b l e  on t h e  ward, tho i ra l l l t l em 8nd prroonnrl 
of t h e  i#O$OpO laborrtory W H  U t i l i U d *  .. L !4o r y r t e m t l o  attempt mm 
mrdr  to stud7 Infea t lous  d l e e r m ~  In human beings a t  t h l r  t i ro .  'ustterod obaerva- 
tlonr h k V e  been r s d r  uslng 1151 In thyroid dioesao and a 2 4  i n  hddiron'r 8nd o t h c r  
prob1.u i n  dcses auu-ot lsed for  p a r i p b a n 1  ramaular rtudiar hem by L r .  h r o l d  
t tocn of tho k p t r u n t  of r h f 8 l O l O I J l .  

U t l l : p . : n g  t"e rbdlcsod!um technique,  r a b b l t s  were r t , ~ * I v e l y  s e ~ s l t l t e d  
rlt:, 8nti-human gama globulla and n r e  8atlVrlJ senr!tlred with 10 cc. par 
kllcvran of h u m n  r.lsema lntraVenOu~lJ. The lncraacc  lr! t h e  radiosodluz ~ r r r c h  
over t h e  behe l i n o  valuem wtrti o n l y  about A to 5 p r arnt  of the  t O k A  bod3 
w l g h t ;  the orrorm In tho teohnlqur mr(l la oorp.rrblo rang., honao I t  w a  
n c t  7 c r ; e l b l e  t o  d r a w  a defIn!tb coneiuoion from t h e  rtudy. 

i t r t l r t i o s l l y  scaurate d e t s   ore obtained in over 53 n o m 1  n b b l t r  for  
p lasm volume, hematocrit ,  tb iooyenrt s  swco, radiorodlua r p i e e ,  m e w  e o d l m  
e n d  Qer'jE p o t a s s l u m  aonoontrktion. 
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i r  t h e  p r e l l i l r u r r y  pwumococcal e x p e r i m e n t s ,  r a t l o f a c t o r y  local s d u  
?.f,r !-per. .;roduccd, but !n t h e  p r e u e n t  s t a g e  of t h e  s x v e r l m e n t s  b c t e r e m l a  l r  
cevclc.lnr t Q O  rer i6 ly .  I t  l e  ho;ed thet a b a t t e r  s r p e r i e e n t  c b n  be des:gr;ed 

tk,e org rn i sea  so tk,nt more :Tarired edenc A n d  g r e e t e r  r i t e r o t i o n  I n  > e m e c b l . ! t y  
w i l l  :evclop.  

v!- lch 8 5 1 1  F C I T ~ ~  1onPar 8 ' ~ N l V a l  T i t s  s i O W @ t '  invasion Of t h e  blood 6trena bg 

Conaiderabfo time was lost duo t o  t h o  r a p r l e r  of a i r  t r a n r p o r t .  In 
t h e  rnlmals  with  e o r w  rloknorr i t  i n  n o o a r r o r y  t o  start inJeotionr 10 dry8 
b e f o r e  t he  t r p a o t s d  e r r l v n l  of t h o  r h i p r e n t  of r ed lo l so tope .  Lue t o  the 8 o ~ t h a ? ,  
roveral B h i m n t 8  d i d  not a r r i v e  on eahe+lr. 
t h e  sodium and t h e  f e a t  t h a t  t he  enlmsls  hbd penmod t h e  peak of t h o  %-no 
respcnse by the time t h e  ehlpment could be r e t r i e v e d  by rurfaoo t r a n o ? o r t s t l o n ,  
e t  l e e o t  four woeks' work 168 completely f u t l l e .  n o s e  w r y  d i a h e r r t e n l n g  orperi- 
t n ~ e r  l ed  us  t o  ohongo t o  8urfkco t r a n s p o r t a t i o n  a n t l r e l y  and t o  arrange with tha 
f e p e r t m e n t  of 'hpaloloay and t h o  I iotopem Dlvlsian f o r  J o i n t  uaa of eeah rhlpgent .  
The i x s t o p e  18 nor  arrlvlng m s k l y  r a t h e r  t h n  bl-woekll and Is uomfng b,- t ruok 
w i t h  much g r e e t e r  r e g u l a r i t y  in t h e  t las of a r r l v s l .  

ko8u80 o f  the rhort h a l f - l l f o  of 
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r l t l n n t a  r e : * v e r ! ! > r  frcn :r.:ectl .CY : r  3erAru olcknosr . hua 4 d l u r e n i o  
durlng recovery; r b t b r  bnd o h l o r i d e  & t u  lo8t.  in the souto phase s J f  F.ocky 
k o u : . t o i n  spotted fever end t r l c k l n c o l s ,  er!ena develors end the  blood ch:or!des 
8nd prote ins  dropi n deta ore ~ v a l l r b ~ o  an rodlum and potaqrlum. 

I t  l r  not knom from blood rohmq and th locyant to  r t u d i e r  whether tho 
e x t r e r ~ s a t d  f l u i d  16 found between c e l l s  or w l t h i n  them. The incresoe i n  
p e m e s b l l i t j  c8n be vloue11rad 8 0  8 graded rerime o f  pores. 
only a r y r t a l l o i d a  l eave  t h e  blood rtreaa; In  more movere lnatanaer -11 
protcln mlecu lar  such as slburln, or larger one8 such a 8  g&mm q l o b u l l n  w ! - 1  
I C h k  o u t .  h emell d e f e c t  shoulll be dateatab le  by rwdioectlve ions, a l a r g o r  
one by taggod prote in  noleoulea. 
for tije defeat. 

In mild d l s e r s r  

An rntigon-antibody reclotion raJ be rorponslble  

If the ~ e o h r n l s m  by whloh lncreasod smountr of e l e c t r o l y t e s  are persed 
e c r o s s  c a p i l l s q  hnd a r i l  meabrbnef can be e e t e b i l ~ n a d ,  it r e y  be posoible t o  
correat  tho physiologic abnormality. l iventusl lp I t  u y  be porsible  t o  
an fncreese i n  p e m e a b i l l t y  Bo 'tht r s d l o l q 3 t o n e s  c o u l d  er.ter certain tissues and 
rxert 8 rsdiyticn e f f e c t .  
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ALTERATIONS IN THE PERMEABILITY OF 
MEMBRANES DURING INFECTIONS 

George T .  Harrell Jr., M.D. 
and 

Jerry K. Aikawa, M . D . ,  Winston-Salem, N .  C. 

The underlying physiological disturbances responsible 
for death during the course of acute infections remain a 
mfltery. Thousands of years ago men began to record 
descriptions of febrile illnesses. A particular type of rash 
might be accompanied by a slow or fast pulse and by a 
steady or remitting t!'pe of fever, which lvould run its 
course within a reasonably constant period of time and 
would be followed bl- 3 period of convalescence. On the 
basis of clinical ohssrvations. various specific diseases 
n'srt' separated from on< another-the small  from the 
L great pox. the t\ .phu>like.  or typhoid, fever iron1 typhul. 
In  the course of some acute infections the appearance of 
edema n . 3 ~  noted: in o t h i ' v  t'clt'ma not \.isibls. but 
diuresis occurred durine c recm'erv-an observation which 
suggested that fluid was retained in the tissues, whether 
it was obvious or not. With the introduction of immuno- 
logic techniques, it %as recognized that the patient would 
react to the infecting q s n t  with demonstrable immune 
responses, w h c h  could be used for confirmation of the 
diagnosis or for prognosis. 

In  addition to the observations on acute generalized 
diseases, excellent clinical descriptions of different types 

Atomic Energy Commission Fellou in the Medical Sciences of the 
National Re5earch Counc~ l .  1918 to 1950 ( D r .  A i A 3 ~ a )  

From the Department of Intcrr.al Xledlcins. The Bowman Gray School 
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Read before the Section on Experimental Medicine and Therapeutics 
at  the  \ m c r > - h i n r h  Annudl  hc>>,cjn of rhe American \ lrd,ial  Asmcidticn. 
San Francisco, June 29, 1MO. 

These studies were aided (in part) by recearch grants from the John 
t, and Mary B. W k l e  Fouadatioa; the National k@$ Institute of the 
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Energy Commission under a contract with the Bournan Gray School of 
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of local infections in hounds or the skin were recorded. 
Lesions characterized by a thin serous exudate, or by uni- 
form red swelling having a sharp and rapidly spreading 
raised edge in the skin (erysipelas), were contrasted with 
those having a thick purulent exudate or with more local- 
ized swelling which remained circumscribed (a  boil or 
carbuncle). It was recognized that the redness and heat 
of the inflammation were the result of a local increase in 
blood flow. The swelling was attributed to a loss of fluid 
from the blood into the tissues. The pain was ascribed 
to stimulation of nerve endings-the result of an in- 
crease in the tension of tissues, produced by the accu- 
mulation of,fluid. If the local infection were adjacent to 
a serous cavity, fluid might accumulate in that space: 
in tuberculosis, for instance, a pleural effusion might 
develop earl). Because of its higher protein content. 
the exudate produced by infection b a s  recopizsd tc 
clot more readily than fluid accumulating as the result 
of niechani231 factors. such a i  hear t  failure or Lsnou. 
and I )  niphatic obstruction. 

On the supposition tha t  the body’s reaction to gsn- 
eralizsd infectious d i w a m  might follo~t the same ctncra! 
principles involved in its response to localized infections. 
we began to make observations in various specific fevers. 
Any alteration in the permeability of membranec occur- 
ring during the course of an infection should affect the 
fluids in the entire Lassular tree, as well as their local 
distribution in the affected tissues. Changes in the gen- 
eral circulation would explain the clinical observations 
that a weak pulse, faint heart sounds, and cyanosis 
frequently precede death during infectious diseases.’ 
Direct toxic myocardial damage (central circulatory 
failure) might then be differentiated at the bedside from 
peripheral collapse (peripheral circulatory failure) re- 
sulting from toxemic alterations in the permeability of 
membranes. 

0 

c 

L *a * * 1. Harrell, G. T.: Disturbancg of the &culati& in Acute Tnfe:;&s, 
North Carolina M.  J .  8: 559-563 (Sept.) 1947. 
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ALT E RATIOh S IN P E R $1 E A B  I L I TY ASSOCIATED WITH 
SPECIFIC DISEASES 

Alterations Occurring Within Minutes to Hours.- 
Meningococcemia : In  meningococcemia the integrity of 
membranes may be altered within a matter of minutes 
or hours. The characteristic hemorrhagic rash is due to 
the rupture of capillaries by groups of organisms. A loss 
of capillary tone may lead rapidly to a picture of periph- 
eral circulatory collapse, without appreciable alteration 
in the permeability of membranes or without visible 
edema. Such a sequence of events occurred in the case 
of a girl. 17, who was admitted to the hospital with a 
typical rash (Fig. 1 ) and with circulatory failure. The 

0 
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Fig. 1.-The hemorrhagic rash of menin;ai;oi;emia on the third dah of 
s>.mptoms in 3 girl .  17.  Note the edema of the  fingers and back of the 
hand after the correction of dehydration with isotonic sodium chloride 
solution. which demonstrates an  increase in the permeability of membranes 
due  to toxemia. The course of the Datient is shown in Fieure 2. 

simple administration of isotonic sodium chloride solu- 
tion to correct dehydration and increase the circulating 
blood volume was all that was required to support the 
circulation (Fig. 2) .  The acute symptoms of infection 
were controlled with chemotherapy. 

In these mild cases of meningococcemia, slight edema 
may be evident after several days; in this patient sub- 
cutaneous pitting edema developed, and the plasma 
proteins were found to be low. Plasma was then admin- 
istered to correct the hypoproteinemia. This therapeutic 
measure apparently increased the circulating blood vol- 

. ume to such.= extent.&gace the altegation in ,the perme- 
ability of membranes was corrected) that an esophageal 
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varix (the result of a pre-existing Banti's syndrome) 
ruptured, and heniorrhagic shock occurred. Whole blood 
was given to replenish that lost from the circulation. 
This time the increase in blood volume produced central 
circulatory failure, which led to a fatal pulmonary in- 
farction. 

Fig. Z.-Thtee dill.trt.iit I! pt'- oi circulaiLir: failure o z L u r r i r g  x L ! & -  

it,,\,\ ti> i n  .i gi r l .  I - .  ui ih meningococc'emj.! u :rh rnenin:iti5. c i r iuiatory 
failure, and  pre-existing Banti's syndrome. Sote the correct ion of the 
pcripiit'ral circulator? failurc h! therapy u i t h  isotonic sodium chloride 
solution alone a n d  the  prompt  response to  chemotherapy. T h e  skin rash 
and edema visible in this  patient on the second hospital day  a r e  shown in 
Figure 1. No appreciable  change in the permeability of membranes  occurred 
with the hemorrhage.  P u l m o n a r j  and  peripheral edema occupied the 
central myocardial  fa i lure .  A n  adrenal  gland removed at necropsy is 
s h o a n  in Figure 4. 

In the hyperacute form of the disease, circulatory 
failure develops too rapidly for edema to become visible. 
Such was the case with an elderly shoemaker who en- 
tered the hospital with peripheral circulatory failure so 
severe that it had produced collapse of the neck and arm 
veins, as well as a fall in the arterial blood pressure. 
Because of the severity of the vascular collapse and the 
presence of deep cyanosis and coma, bilateral adrenal 
hemorrhage was suspected. Isotonic sodium chloride 
solution was given to meet the dehydration, but no --+ 

clinical improvement resulted. Large amounts of plasma 
Imey;.c- *;-. ,A%?*-- $ cx? I -> 
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were therl administered intravenously,  but the blood 
pressure did not rise (Fig. 3 ) .  S i n x  the failure of these 
initial therapeutic measures tended to confirm the clinical 
impression of adrenal failure, an aqueous solution con- 
taining 500 units of adrenal cortical hormone (50 dog 
units per cubic centimeter) was given intravenously. A 
dramatic change in the patient's clinical condition 
occurred after the administration of the first 150 units. 

I 
I 

j _..... . .  . . . . . . .. . . .  ........ . . ' . .  , 

F I ~ ,  .3.--CIinicai o b s r r i  ations of cir;uldrdrq changes occurr ice  in a 
shoemaker .  66. uith h! peracute  rneningocc7c:emia of 1 7  hours' Ju ra t ion .  
The failure of therap)  with fluid to suppor t  the circulation a n d  the 
temporary response to adequate  replacement therapy with an aqueous 
solution of adrenal  cortical hormone support the  clinical imprescion of 
bilateral adrenal  cortii.il hemorrhagc ( M  arerhouse-Frider lch~en s l n d r o m e ) .  
Alteration in the permeability of membranes  was minimal. The total 
durat ion of the illness was 27 hr.: a n  adrenal  gland removed from this 
patient at necropsy is shown in Figure 4. 

0 
The blood pressure rose, the veins filled, and the patient 
roused from his coma. No edema appeared, but some 
hours later a gallop rhythm was noted and the neck veins 
rapidly became distended. Acute myocardial failure 
developed, and the patient died.' 

The vascular changes occurring early in the course 
of meningocaccemia are due to toxemia from products 
of the infecting organism and to dehydration. The differ- 
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entiation between simple toxemic peripheral circulatory 
collapse and that due to adrenal destruction (Water- 
house-Friderichsen syndrome) can be made clinically 
at the bedside and confirmed at necropsy. The adrenals 
in the girl showed no evidenee of hemorrhage; in the man 
both adrenals were completely destroyed by fresh hemor- 
rhage (Fig. 4). It  is evident that the clinical differentia- 
tion between peripheral vascular collapse due to infection 
alone and that due to adrenal cortical destruction was 
correctly made in both cases. In the latter case the dis- 
tribution of fluids was not appreciably altered by the 

Fig. l.-The adrena ls  removed a t  necropsy from the pat ients  with 
meningococcemia. whose courses are  summarized in Figures 1 a n d  3 .  The 
gland on the upper  r ight  side is from the girl (Figure 1 and 2) .  The gland 
on the left. shown in cross section on the  lower right side. w a s  removed 
from the  pat ient  whose course is summarized in Figure 3 .  T h e  s t ructure  
is completciy destroyed by extrakahation of blood (Waterhouse-Friderichsen 
syndrome). 

adrenal cortical deficiency. The severe peripheral col- 
lapse caused the blood pressure to fall below the level 
necessary for adequate glomerular filtration. The defect 
in the reabsorption of sodium by the renal tubules, which 
leads to the excessive loss of water and salt as well as to 
retention of potassium, did not have time to develop, as 
it does in the chronic deficiency of the cortical hormone 
which we recognize as Addison's disease. 

A lterations Occurring Within Hours or Days.-Pneu- 
mococcus Lobar Pneumonia: In pneumococcus lobar 
pneumonia a"ft';*fa"tions in the permeabiiity of membranes 

. 
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occur over a period of hours or d3ys. Many years ago it 
was discovered that chlorides were lost from the circulat- 
ing blood stream but retained in tissues during the acute 
phase of the d i ~ e a s e . ~  Later observations demonstrated 
that the extravascular space (measured by the dilution 
of injected thiocyanate ions) and the circulating blood 
volume (measured by the Evans blue technique) were 
increased.4 Apparently the chloride and its companion 
ions take water with them as they leave the vascular tree. 
The defect in permeability is apparently not great enough 
to decrease the blood volume. 

These observations offer a logical explanation of the 
mechanism responsible for the tendency of the right side 
of the heart to fail during pneumonia, particularly after 
the excessive administration of intravenous fluids. The 
usual increase in blood volume is exaggerated by the 
additional fluids, and the myocardium is overloaded. The 
favorable response to digitalis which has been noted by 
older clinicians is probablc due to correction of the cen- 
tral ( myocardial ) circulator\, failure. A direct peripheral 
action on the pcrmeabilit) of blood vessels q h i c h  appar- 
ently mobilizes tissue fluids may ;11>0 play a part.: 

The additional factor of anoxia. which has long been 
recognized as a contributing cause for alterations in the 
psrnisabiiity of membranes, can be illustrated more 
clearly in pneumococcal pneumonia than in some other 
infections. The presence of the pulmonary lesion de- 
creases the size of the vascular bed available for oxygena- 
tion of the blood, and cyanosis develops. 

Alterations Occurring Within Days or Weeks.- 
Trichinosis: In trichinosis the alteration in the perme- 
ability of membranes is pronounced and develops more 

~~ 

3. Peabody. F. W.: Studies of the Inorganic Metabolism in Pneu- 
monia with Especial Reference to Calcium and Magnesium, J. Exper. Med. 
17: 71-82 (Jan.) 1913. Wilder, T. S. ,  and Drake, T. G. H.: Metabolism 
of Chloride and Total Fixed Base in Pneumonia and the Relation to Salt 
and Water Retention, J .  Clin. Invest. 5 :  353-364 (Aug.) 1929. 

4. Rutstein, D. D.; Thomson. K. J . ;  Tolmach, D. M.: Walker. W, H., 
and Floody, R .  J. :  Plasma Volume and “Extravascular Thiocyanate 
Space” in Pneumococcus Pneumonia. J .  Clin. Invest. 24:  11-20 (Jan.) 
1945. 
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c gradu:ilI!-over a period of da) 5 or lveeks. The earliest 
diagnostic sign, splinter hemorrhages c in  the nail beds, is 
due to traumatic rupture of capillary loops, with extrav- 
asation of blood, as larvae migrate from the circulation 
into muscles (Fig. 5 ) .O The accumulation of edema fluid, 
especially around the eyes, has been recognized as one 
of the most frequent early clinical manifestations of the 
disease. In  severe trichinosis the accumulation of fluid 
during the stage of edema is associated with oliguria, 
which lasts from one to two weeks and is followed by 
diuresis. Serial determinations of the blood proteins 
made in clinically severe cases of the disease have re- 

.. 

Fig. 5.-Splinter hemorrhapi.. in the nail bed early in the course of 
mi ld  I -  L'l in( )* l \  i n  a bu3inehb t..it.iuti\t.. 2 ; .  Tht  i-ipiiI.ir? loop\ a re  rup-  
t!.ir:il E? : r b i u n i J  ;1\ t h e  Trichincll i i  I i rL  .le niigr.l!t. f rom thi .  c'!rLt:l.?tion 1%' 
the muscles. The alteration in the permeabilits of membranes wi th  edema 
formaiii\i!. H1iii.h i l r  so charactcribtic of tr!t. la le i  stage of the  disease. has 
not yet developed. 

vealed hypoproteinemia.' The reksrsibls psq chic dis- 
turbances occasionally seen during the stage of edema 
suggest an excessive hydration of nerve cells. 

By the time edema is recognizable, evidence of immu- 
nity can be detected in the blood by a positive precipitin 
reaction or in the cells by a positive skin test. This 
sequence of events suggests the possibility that immu- 
nologic mechanisms may play some part in the physi- 
ological disturbances associated with the disease. This 
thesis has been tested by the experimental production of 

n 

6. McNaught, J .  B . :  The Diagnosis of Trichinosis, Am. J .  Trop. Med. 
19: 181-192 (March) 1939. 

ternat. Clin. 4: 67-73 (Dec.) 1 36. 
_ _  &Jiana, F. M.:,.3ric ""ilps" Cpmplicated by .Hypoproteinemia, In- 
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@ the disease in rabbits: Thc physiological chances c asso- 
ciated with alterations in the permeability of membranes 
were maximal just before humoral antibodies (precipi- 
tins) appeared (Fig. 6 ) .  

Rickettsial Spotted Fever: During the acute phase of 
Rocky Mountain spotted fever, the anatomic lesion is 
clearly reflected in the visible rash. The histological pic- 
ture is essentially one of arteritis, with necrosis and 

T O T A L  BLOOD VOLUME 

-\ /  6: - - 
6 0  ~ PLASM: fCL ,ME 

--- 
-I  I I 1 1 1 1 1  I l l 1  I 

4 0  

20 

0 ?-- 

Fig. 6.-Fluid changes in a rabbit fed 6 em. of trichinous rat meat. 
Note the increase in the thiocyanstc: space on the 14th day after the first 
feeding without a relative increase in body w e i g h t .  The blond xolume was 
decreased slightly during the 10th to 14th days. The physiological changes 
were beginning to  reverse when the precipitin test became positive in the 
serum on the 17th dah.  This rabblt w a b  sererel}. 111, but died as the result 
of hernatopericardiurn on the 25th day. 

thrombosis of the walls of arterioles beginning at the 
capillary junction. The physiological disturbance, how- 
ever, may be out of all proportion to the number of 
pathological lesions. The permeability of the membranes 
gradually increases during the first two weeks of the 
disease, and evidences of this increase are detectable 

*- 
3 3 5  
F 

8. Alkawa, J. K.; Harrell. G. T., and Miller, T. B.: The Immuno- 
physiology of Trichinosis: Alteratlons in the Blood Volume and the 
Thiocyauate Space in Relation to the Developmaat of Humoral And- 
bodies in the Rabbit. J.  Clin. Invest. 30: 575-581 (June) 1951. 

-,.-.*- -,.*. .+ -- -:.*> .rls .%wwm@c-- 



generally throughout the body, often at some distance 
from the arteriolar lesions.!’ 

Early in the course of the disease dehydration, accom- 
panied by a rise in the nonprotein nitrogen and a 
decrease in blood chlorides, may be noted.’” The ad- 
ministration of solutions of crystalloids, dextrose, and 
isotonic sodium chloride would seem to be indicated in 
such a situation. When crystalloids are given, however, 
the blood pressure may fall to shock levels and edema 
which has been minimal may become more pronounced 

Fig. 7.--Marked edema in a girl. 4 yr., severely ill with Rocky Mom- 
tain spotted fever. The photograph on the left was made on the 16th 
day of rash. The photograph on the right. taken three weeks later during 
convalescence, illustrates the subsidence of edema with recovery. The 
clinical course of the patient is summarized in Figure 8. 0 
(Fig. 7 ) .  At the time that circulatory failure or edema 
is detected, the level of the blood proteins are found to 
be low; the administration of preformed human protein 
in the form of albumin, plasma, or whole blood is then 
indicated. 

Studies on the mechanism responsible for the circula- 
tory changes have shown that the thiocyanate space is 

9. Harrell. G. T., Jr.: Rocky Mountain Spo:tcd Fever, Medicine 28: 

10. Harm&.G,.T,; VerrrrJao, W.,,oQd Wplff, W. A: -The Treatment of 
333-370 (Dec.) 1949. 

Rocky Mountain Spotted Fever, with Particular Ref&hce*?o Intravannm *--I* 
‘2. 
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increased and the blood volume decreased during this 
critical period (Fig. 8 )  . I  When the intravascular osmotic 
pressure is maintained with plasma or blood, fluid is 
retained in the circulation, the blood pressure is in- 
creased, and the kidneys' powers of filtration are im- 
proved. Edema is decreased, and the effects of the 
physiological disturbances resulting from changes in 
permeability are lessened. If fluids are properly selected, 
large amounts may safely be given parenterally. We 
for instance, previously reported the case of a 

have, 
small 

20 
0 i 

Fig. S.--Altrration\ in the tluid 5 p - l ~ ~ ~  in a girl .  4 ! r . ,  ss\erely i l l  with 
Rocky Mountain spotted fever. which was treated with supportive therapy 
alone. S o t e  the rise in thiocyanate space uith a drop in the blood volume 
on the 10th day of rash. These changes were accompanied b y  peripheral 
circulatory collapse. which was successfully treated by intravenous adminis- 
tration of human serum albumin. The photograph of this patient, on the 
left of Figure 7, was taken after the clinical peak of the disease as the 
symptoms were beginning to subside. 0 
child whose entire circulating blood volume was twice 
completely replaced, first with an  equivalent amount of 
proteins and then with an even larger amount of crystal- 
loids. ' ?, 

The early administration of effectilt chrmotherapeu- 
tic agents which directly attack the rickettsiae will rapidly 

t -  b-. x 

a 

11.  Harrell, G. T.. and Aikswa. J. K : Pathogenesis of Circulator) 
Failure in Rocky Mountam Spotted Fever: Alterations in the Blood 
Volume and the Thiocyanate Space at  Various Stages of the Disease, 
Arch. Int. Med. 83: 331-347 (March) 1949. 

12. Ramen, 0. T.':'%k'awa, J. K., and Kelsey, W. M'?Rocky Mountain 
Spotted Fever, Am. Pract. 1: 425-435 (Aprll) 1947. 
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change the character of the rash (Fig. 9 )  and prevent 
the development of further edema (Fig. 10) ; 

Alterations Occirrring in Immune Reactions.-Serum 
Sickness: When humoral antibodies produced by an 
immunized animal are used to assist the patient in over- 
coming his infection, another illness, serum sickness, 
often results. In many of its clinical aspects, such as fever, 

Fig. 9.-Tiie rash In a s o e r e  ca3e of rickettsial spotted fever in a girl, 
8 yr. ,  treated with specific chemotherapy. The photograph at the top shows 
the hernorrhagiL ckiira:ter of t h e  e rup t~on  u i t h  edema of the hmd and 
fingers a t  the time of admission on tne ninth day of rash. The photograph 
a t  the bottom shows the marked fading of the rash with subsidence of 
edema and urinkling cf the skin on the hand four days later after 
treatment with aureomycin. The alterations in the fluid spaces are shown 
in Figure 10. 

malaise. and skin eruption. serum sickness resembles an 
infectious disease. indeed, edema, wheals in the skin, 
and swelling of the joints have long been recognized as 
prominent features of this illness; all these suggest that 

13. Harrell, G. T.; Meads, M., and Stevens, K.: “Aureornycin” A New 
v s t i v e  Antibiotic: Clinical Trial in Rocky Mountaia Spotted - * -  

Fever, Results of Susceptibility Tests and Blood Assays Using a Tur- 
bidimetric Method, South M. J. 42: 4-13 (Jan.) 1949. I 23 3$1 i m m - ~ ~ : ~ : ~ - ~  W e. A’ .r 13: 
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ininiune reactions can produce altcrations in the psrme- 
abilit) of membranes. I n  serum sickness resulting from 
the administration of Rocky Mountain spotted fever 
antiserum prepared in rabbits, measurements of the 
extravascular space (by the thiocyanate technique) show 
the same alterations which are seen in the original infec- 
tion (Fig. 1 1 ) . Similar changes have been observed in 
patients who have received diphtheria antitoxin prepared 
in horses (Fig. 12).  After the administration of anti- 

Day of Rash ~ l , ,IO, I , ,:z, I ;: , I ;61 , I ,IOi I :: ,*, ~ 
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24 WEIGHT 
2 3  *-e * 

SCN 2 2  
nlfk'oo 

.\ I 

3 0  2 0  ' 1  - I? I 

42 380 0 t .\ 
t - 
c 

340 

300 Blood VOl F 
ml h IO - 

I 2 0  - T O T A L  BLOOO VOLUME 

O !  100 lo 
0 - 

PI: P L A S V C  VCLLUE 

65 A W A  
A 

r E u A - C C "  - - Hrmotocr  t 
VOI % 

.e 4 

L 

I O  
0 

Aurecmycin lntromusculor - 6 5 12  24  24 24 .6 
Gm Oroi 6 

Fig. 10.-The fluid changes in a gir l .  8 q r .  severely 111 with Rocky 
Mountain spotted fever treated with speclfic chemotherapy. Sote the 
dtL.re.ibt. in thioc>dn.iir s p ~ c e  and incredze in blood to lume a b  the i l in i ia l  
symptoms were controlled with aureomycin therapy. Photographs illus- 
trating fading of ihe rn \h  a n d  sub>idencc of edema i n  thls patient a re  
shown m Figure 9. 

reticular cytotoxic serum (ACS) prepared in rabbits, 
alterations in permeability have been demonstrated in 
the absence of any infection. An  increase in the thio- 
cyanate space and a decrease in the blood volume have 
been found to occur in serum sickness experimentally 
produced in rabbits by the injection of fractions of 
human plasrna.l* 

14. Aikawa, J .  K . .  and Harrell. G .  T.: The Immunophysiology of 
Serum Sickness: Alterations in the Blood Volume and Thiocyanate Space 
in Relation to the Development of Humor411 Antibodies in b Rabbit, 
J .  Clin. Invest. 30:  360-368 (April) 1951. 
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Day o f  Rash  5 9  3 2 2 5  2 9  4 -  __ 
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1 
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4 60 

4 2 0  

3eo 
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~ o o  Blood VoI 

m l l b i l o  

Fig. 11.-Alterations in the fluid spaces in a girl, 3 yr. ,  with moderately 
seveTe rickettsial spotted fever treated with specific rabbit antiserum. Note 
the decrease in thiocyanate space on the 1 1 t h  day as the clinical symptoms 
began to subside. The development of serum sickness on the 18th day 
after injection of Rocky Mountain spotted fever antiserum reproduced 
symptoms of infection. with fever and  edema accompanied by a second 
rise in the thioqanate space. The symptoms of serum sickness were 
controlled by the oral administration of diphenhydramine (benadryl." I 
hydrochloride with return of the thiocyanate space to baseline \ alues. 
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Fig 1 2  -Fluid changes during serum sizkness in a merchant seaman, 
42, 111 with dlphthena. The cllnlcal symptoms of serum sickness appeared 
on the 12th day of diphtheria, seben days after the administration of 
antitoxin prepared in horses. Symptoms of serum sickness subsided with 

Tepaked, edema disappeared, the thiocyanate space and weight decreased, 
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The clinical picture of serum sickness may follow the 
injection of antibiotics, such as penicillin (Fig. 13 ) . 
When this reaction occurs, circulating antibodies to 
penicillin ( precipitins) are usually detectable. In other 
instances the immune (or sensitivity) reaction appears 
to take place predominantly on cells and is manifested 
by dermatitis, often with exfoliation. 

Prolonged serum sickness developed in one of our 
patients who received penicillin suspended in oil. Since 
the patient was known to have had repeated episodes of 
stomatitis following the ingestion of peanuts, the sensi- 

0 

Fig. l.i.-Serum slckness due to a peniclllln reaction in a n  eleitrician. 
33. The photograph on the left taken on the second day shows moderate 
edema of the eyelids; mild generalized edema was also present. The 
photograph on the right  was taken nine months after recovery. The fluid 
changes in this patient are shown in Figure 14. 

tivity was thought to be due to the peanut oil used as a 
menstruum and not to the penicillin. Apparently the in- 
jection of any material which is allergenic to a particular 
patient may produce alterations in the permeability of 
membranes (Fig. 14). 

COMMEKT 

Alterations in Capillary Permeability.-The observa- 
tions reported can be interpreted as indicating an in- 
crease in the permeability of the vascular tree, permitting 
the progressive loss of crystalloids colloids, and red 
blood cell; from the circulation ;?#e m a s t u d e  of %e 

. 
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capillary defect increased with the clinical severity of the 
disease. The alterations in the vascular tree can be vis- 
ualized as a series of pores or openings in the capillary 
wall where the normal extravascular circulation of 
crystalloids and, to a lesser extent, of small protein 
molecules is known to occur. In mild cases, water and 
ions which normally traverse the membranes would 
leave the blood more readily. Larger molecules, such as 

w- 

? 9 II Day of  Dlscose 5 
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Fig.  I-I.-The fluid changes in an electrician. 33. with serum sickness 
due to a penicillin reaction treated with cortisone. The edema which 
appeared was less than that  often seen because of the prompt suppression 
of z>niptoni.; by treatment. Tnt fluid which did accumulate: was mobilized. 
as  shown by the temporary rise in blood volume, and was excreted with 
a drop in weight. The rise in thiocyanate space on the 13th day of the 
disease followed c e m t i o n  of cortisone therapy. Clinical photoprdphh of 
the patient are shown in Figure 13. 

albumin and other proteins, would be lost in severer 
instances, while red blood cells would pass out of the 
vascular tree only in the extremest reactions. 

A lfer-l1tiori.v i r i  Permeabilit? of Cellular Membralies.- 
The permeability of cell membranes is probably altered 
too, though no techniques are available for direct 
me as u r s m e n t of c e 11 u 1 a r c h a nge s . 'Ji r u se s a nd rickettsiae 
are obligate intracellular parasites. Many bacterial in- 
fections-particular1 y those with ft chronic or prdongedl. -. 
course, such as tuberculosis and brucellosis --.ass 
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through a phase in uhich the organisms arc found intra- 
cellularly. During this stage the diffusion of toxemic 
products of the organism must be through the cell wall, 
with the attendant danger of damage. Furthermore, any 
immune reaction would take place within the cell, so that 
substances released in the process would affect primarily 
the parasitized cells. Additional light on the problem of 
cellular permeability may be shed by experiments now 
in progress,I5 utilizing the radioactive isotopic dilution 
technique with NaZ4 and K". 

In children acute infections accompanied by diarrhea 
are reported to produce a potassium deficiency. How 
much of this deficiency is due to a change in the perme- 
ability of cellular membranes as a result of the infection 
itself and how much is due to the disturbances in fluid 
balance associated with the diarrhea is unknown. In 
either event potassium moves out of the cell in  uhich 
the membrane of the cell wall normally retains it and is 
lost in the urine or feces. 

A n  analogous situation in which the permeability of 
cellular membranss i b  altered in the :itwnc1: of infection 
is illustrated by the edema occurring in a young c uoman 
isith drug c into\ic'ation ~t hich follo\\ed the therapeutir 
administration of an arsenical preparation (Fig. 15) .  
Arsenic apparently poibons intracellular snzi  me sjistems 
which contain sulfhydryl (SH) groups in the molecule. 
The administration of British anti-lenisite ( B A L ) ,  a 
substance which has large numbers of accessible sulf- 
hydryl groups, will rapidly correct the enzymatic defect 
by combining with the metal. With correction of the 
defect, the alteration in the permeability of membranes 
is reversed and edema disappears (Fig. 16). Observa- 
tions of this type may give further clues to the mech- 
anism responsible for production of cell defects. Such 
questions are of more than academic interest, and are 
important in the design of therapy for acute infections. 
Intracellular enzyme systems are greatly affecied by the 

e 

15. Aikawa, J .  K.:  The Significance of the Radiosodium Sbace in 
Human Disease: A Comparison 
44t 6S4-661 (July) 1951. ~ + A  
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Fig. 15.-Fluid changes during arsenic intoxication (treated by inacti- 
vation) in a pregnant woman. 39, with early syphilis treated by intra- 
venous injections of oxophenarsine hydrochloride (mapharsenh). The 
dermatitis appeared after the seventh injection. and the patient rapidly 
became ill.  Sote  the decrease in thiocqanate space and weight following 
the administration of B A L .  Clinical photographs of the patient are shown 
in Figure 16. 

Fig. 16.-Edema and exfoliative dermatitis due  to arsenic intoxication 
in a pregnant woman. 39. The photograph on the left was taken on the 
27th day of rash, two days after the institution of therapy with British 
anti-lewisite. Note the generalized character of the edema and the scaling 
of dead skin. The photograph on the right was taken three months later 
showing complete subsidence of signs. The patient presented essentially 
the same appururca two we& after the 
how rapidly changes in permeability may revert with repair of the cellular 

04 t h e r ~ , i l l ~ ~ d , .  
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hydration of cells and by the intracellular concentrations 
of ions from salts. 

Therapeutic Possibilities. - When infections produce 
an alteration in the permeability of membranes, treat- 
ment with maximum therapeutic doses of effective 
chemotherapeutic agents should be begun promptly in 
order to reduce the number of organisms and to prevent 
further damage. In diseases which frequently produce 
severe alterations in permeability-the rickettsial dis- 
eases, for example-every attempt should be made to  
prevent, in so far as possible, the development of the full- 
blown clinical picture seen in the natural course of the 
disease. 

Salt, dextrose, and water must be administered with 
care. The drop in circulating proteins mav be prevented 
or limited by the administration of a high-protein diet 
from the beginning of therapy.“; When the patient is seen 
late in the course of the disease. after the proteins in the 
blood and tissues have been depleted, or after acute 
circulatory collapse has developed. preformed proteins 
in the form of concentrated human  serum albumin, 
plasma, or LihoIt. blood must be administered. Fluid 
replacement therapy in specific diseases and under spe- 
cific circumstances is discussed further in the illustrative 
cases presented in the section entitled “Alterations in 
Permeability Associated with Specific Diseases.” 

The fact that, in patients with serum sickness, admin- 
istration of antihistaminic drugs relieves the joint pain 
and swelling and causes the wheals to disappear suggests 
that these drugs may find a useful place in the treatment 
of acute infections which have a large element of hyper- 
sensitivity. Salicylates and the closely related chemical 
compounds para-aminobenzoic acid (PABA) and pro- 
caine have long been successfully employed in the 
treatment of disease associated with immune reactions. 

Metabolic factors which affect the permeability of 
membranes during the course of infections are as yet 
poorly understood. It is not known whether the increase 

0 

16. Harrell. G .  T.; Wolff, W. A.; Venning, W. L., and Reinhart, J.  B.: 
The Prevention and Control of Disturbances of Protein Mctnbnlkm IJI 



in metabolic rate observed during infections is a n  at tempt  
by the body to compensate for the defect in permeability 
by increasing thyroid function. It is well recognized, how- 
ever, that when the thyroid function is lowered, as in 
myxedema, the membranes become more permeable and 
fluid is retained in the tissues.'j The salicylates appar- 
ently help to correct the defect in permeability in serum 
sickness; they may, through their antipyretic effect, also 
depress the increased level of metabolic activity. 

Many ingenious theories have been proposed concern- 
ing the role of the adrenal in acute infections or in dis- 
eases which are indirectly related to the stress oE illness." 
In instances of adrenal destruction (Waterhouse-Frider- 

lichsen syndrome) occurring during meningococcemia, 
the indications for hormone-replacement therapy are 
clear. The decision to use adrenal cortical hormones must  
be made on clinical grounds. The necessary observations 
on the pulse, respirations, blood pressure. venous filling. 
and the degree of clanosis and edema can be made at 
the bedside with thc equipment usually carried in a 
ph \.sic i a n 's bag . 

or cortisone often 
ivill dramatically re1iei.e the mptoms of serum sickness 
and quick]! restore thc ph>siological i n t q r i t >  of the 
membranes (Fig. 14) .  I n  patients with pneumonia a 
reduction in the degree of toxemia and a n  increase in 
the sense of well-being following the administration of 
these hormones have been reported.:' The possible use- 
fulness of these hormones in the treatment of diseases 
which characteristically are associated with high degrees 
of allergy, such as tuberculosis, is still under investiga- 
tion. It should be emphasized that the infecting agent is 
not attacked by the hormones and that they have no 
effect on bacteremia, if this is present; their action is 
solely on the tissues of the host. The suppression of 
toxemic reactions in the host may actually be accom- 
panied by an increase in the number of organisms and a n  

Corticotrophic hormone ( ACTH 

17. Selye, Hans: The Physiology and Pathology of Exposure to Stress. 

IS. Kass, E. H.; Ingbar, S. H., and Finland, M.: Effects of Adreno- 
Montreal, Acta, Inc., 1950. 

codicotropic Hormone in Pneumonlrl: Clfaical, Bacterioibgical and Sera .. 11. 
logical Studies, Ann. Int. Med. 33: 1081-1098 (Nov.) 1950. 
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exacerbation of the disease.".' This sequence of events 
has long been recognized by clinicians in the recrudes- 
cence of clinical tuberculosis follom ing the termination 
of pregnancy. 

The sudden release of large amounts of antigen by the 
rapid destruction of organisnis (such as the Herxheimer 
reaction which occurs in syphilis after the initial injection 
of penicillin) or by the dissolution of a granuloma (as 
occurs in some fungus infections after the administration 
of iodides) may not prove so detrimental to the patient 
if the harmful effects of the antigens on sensitized cells 
can be ameliorated by hormone therapy. Conversely, the 
apparent stimulating effect which hormone therapy has 
on the growth of the etiological agent may possibly be 
counteracted b) the simultaneous or prior administration 
of specific c he mot her a peu tic agents. 

In the final analysis, hoLvever, the patient must still 
heal himself. I n  \pits of the most i i ~ o r o u s  and carefully 
planned therapy. failures kill occur. Patients itill die of 
thi. tt.l\cmiLl clt  o ~ c r - . i  hslming t infsctionc and ; I C  the re\ult 
of r . \ t t . n c i i  c' \ L I \ C l l I t \ i  o r  ictliul,ir cidniage. Hoiscic'r. in- 
telligent rncinagenient, N i t h  attention to nltcratjonc in the 
p~'riiit';lbilit~ of nisnibranc\.  LS i l l  .illoi{ the salcagt. of 
man! cases n w  considered hopeless, hill lebsen the 
ssisrit! of the patient's rextion to his infection, and h i l l  
shorten convalescence. 

t I 1231; ' i  k 

CONCLUSIONS 

Our observations indicate that the permeability of 
membranes is altered during the course of acute infec- 
tions. Early in the course of the disease the defect is 
probably induced by the toxemic products of the infect- 
ing organisms. Later in the course of the illness the 
defect may result from an immune reaction. In rickettsial 
diseases. for instance, the greatest alteration in perme- 
ability appears to come at the time when immunity is 
rising most rapidly; the balance between the antigens 

19. Lurie, M. B.; Zappasodi, P.; Dannenberg, A. B. ,  Jr. ,  and Swartz, 
I. B.: Constitutional Factors in Resistance to Infection: The Effect of 
Cortisone on the Pathogenesis of Tuberculosis, Science lla:wZ37_ ..-- 
(March 2) 1951. ACTH and M s o n e  in Active Infections, editbdal, Arch. 
Int. Med. 6 7 :  1-3 (Jan.) 1951. Cortisone in Tuberculosis, editorial, J.  A. 
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liberated from or secreted bq thc organisms and the  anti- 
body produced by the host is being rapidly destroyed.': 
The point at which immunity overcomes the infection 
and the antibodies begin to appear in excess often is 
accompanied by a dramatic clinical change which is 
recognized as a crisis. 

Antigen-antibody reactions are known to liberate a his- 
tamine-like substance. That histamine alters the perme- 
ability of membranes locally can be readily demonstrated 
by the intracutaneous injection of a small amount of the 
material; within a few minutes a wheal appears at the 
site of injection (Fig. 1 7 ) .  Petechial hemorrhages have 

Fig. 17.-WheaI in the shin of laboratory technician. 2 5 ,  15 min. 
following the intracutaneous injection cf 0 . 1  mg. of histamine. Note the 
accumulat ion o f  fluid 3s the  result of loi.al a l terat ion in the permeability 
of capillaries. 

been recognized for )ears as a manifestation of anaphy- 
lactic reactions, a further clue to the mechanism of pro- 
duction of lesions in infections. 

Since certain fundamental principles are common to 
all infectious diseases, alterations in the permeability of 
membranes can be detected in many infections occurring 
naturally in human beings or produced experimentally 
in animals. The observations reported indicate that the 
reactions are qualitatively similar, whether produced by 
a bacterial infection (meningococcemia), and extra- 

intracellular infection caused by rickettsiae (Rocky 
cellular infection due to a nematode- (pichinosis), ag 

-T. 

I)* 4-l- *, s p o t & c h & & + a r w e m m i q -  .- 
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occurring in thc absence of actual infection (serum 
sickness). SUMMARY 

The permeability of membranes is altered during the 
course of acute infections. Edema develops during the 
acute phase, associated with an increase in extravascular 
fluid (thiocyanate space),  and disappears with recovery. 
The alterations may occur within minutes to hours 
(meningococcemia), within hours to days {pneumococ- 
cus pneumonia). or within days to weeks (trichinosis 
and rickettsial spotted fever). The alterations in perme- 
ability which occur during immune reactions in the 
a b e n c e  of infection (serum sickness) resemble the 
changes seen during an acute infectious disease. The 
observations art' interpreted as  indicating an alteration 
in the permeability of the capillary n.a11. permitting the 
progressive loss of crytalloids (water, ions. and dex- 
trose), colloids (albumin and other proteins j .  and red 
blood cells as the clinical severity of the disease increases;. 
T h c x  chances L ;ire often associated with alterations in 
blood volume and otfsr an explanation of the niechnnisni 
by which periphcral circulatory failure develops. The 
permeability of cell niembranes is probahli. also altered, 
whether the cells are directly parasitized or not. The 
alterations during arsenic intoxication, which are re- 
versible by therapy u i t h  British anti-lewisite ( B A L ) ,  
offer a clue as to a possible intracellular mechanism 
through interference with enzyme groups. The therapeu- 
tic possibilities are discussed, with emphasis on the 
correct use of crystalloids and proteins and the possibie 
application of antihistamines and hormones in conjunc- 
tion with specific chemotherapeutic agents in treatment. 
The early changes are due to toxemic products of the 
infecting c organism; the later changes may result from 
humoral or cellular immune reactions. The alterations 
in permeability are qualitatively similar, whether pro- 
duced bv a bacterial infection (meningococcemia). an 
extraceliular infection due to a nematode (trichinosis ), 
an intracellular infection caused by rickettsiae (Rockv 

@ 

Bowman Gray School of Medicine. 



Ess 7Aoise Rhoades, technician, has proved e n t i r e l y  satisfactory and is con- 
t l ~ u i n g  enthusiastically in her  wort. 

* -  .. 5 -  1, . "f - .  P 
Our I"orr.er negro teckm3cian, Claude Taylo;, has resimed'and has been replace< 

, but have not y e t  been able to adapt the technical qtbods  to guinea pigs, 
urdoie to esta'D7&sh t?.e r i c k e t t s i a l  s t ra in  i n  ra';Slts a t  suff ic ient  viruimce t o  give 

hie Mvcr b-., 
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E f f e c t  of I n t r a v e n o u s  D i g i t o x i n  on F l u i d  D i s t r i b u t i o n  i n  H o s p i t a l i z e d  
h f a l e s  without C a r d i o v a s c u l a r  Disease.+ ( 18451) 

JERRY I;. . \ IK.AWA.+ VICTOR H. KSIGHT. ASD >f.acoM P. TYOR. 
(Introduced by  G. T. Harrell) 

From f h e  Dp$rtmpnt of Internal  Medicine, Boztnan Gr, l>  j i i o o l  o j  Jfcdii ine 
W'oke Forf5t Col lege ,  a n d  thc Baptist Hospi ta l ,  Winston-Salem. 

. i l~hou<h  the Jlitiiin- oi ;li:italis on the 
heart are well known i r z  eiiect on the distri- 
bution o i  body fluids in nornul  individu3.l- 
h:ive not heen report& Rrc 
:l!cosides 3ie simiidr i!?. ih 

to  o r  her z j  c1open:rr. ,phenanthrene derivx- 
i-,:vn i ' t  ~ f f t ~ !  salt and 

niijnr- .l::li the adrrc-i mriica! hormones- 
d to prrd,Liie some alter- 

-::.i- ctld..:<ie(d i n  order 

. . -  . .  
L .  

?' , , ' , .  * ,  ..,, .< 

-1latcridl  ond 3 l c f h o d s .  Sicbjt.c.ts. Serial 
studies were perfor on 3 mslr patirnt- 
who had been hospitalized for non-cardio- 
va?cu!:ir disorders a:! whx-i had no obvious 
disturbances of salt and water metabolism. 
These individuals were ambulatory and were 
on 3. house diet. So at tempt  was made to 

* T h i s  work \vas supported in par t  by the C .  S. 
.\tornic Enerr>- Commission throurh a contract with 
the Bowman Gray School oi Medicine, a n d  in part 
by a grant-in-aid from the .\mencan Heart ksocia- 
t ion  

' K C w d r L h  F'eiluri UI :ne . imerican Hr.irt ; \ s ~ o -  
ciation. 

~ ~~~ 
~~ 

control their intake oi salt a n d  i\-ater. .'L'#rtc - 
r i < i / .  Comn!ersiil crystalline dirritclzir >re- 
pared iron) Ui;;:dine nativelle and d 
in a A,?? solution o i  alcohol. i n s  
:iil c.i=t". The solution crintained 0.1 - - oi 
ciici:ox!n i w r  ml of fluid. -11.~h0,: -Thy 

:!sed to 4j:etern:.rr 
. .  ,',, ??.! -.;-. 

L - J U / I S ! ~  .ipo(-,. >,.:;-e 5een drscribrii p-: .I.;) 
minary experiments it KZ d 
._ .:.*: thi,!c! : i i l . i t V  i t l n  .i- 

cellular fluid space 3 hours aiter injecticn I 2 ) : 
the :-hl \ .~ i l ; ;~ . .  ;Ar r tx f$  ix&. kJi-c !,cy .i.cr! 

for  calculations and compariwns. Since the 
total volume oi blood withdrawn it:- z x h  
< o m : ~ ! ~ ! e  s!ac!r. d i d  not excer,!  42 - :  :?YC 

blood loss would not have affected t;e cir- 
culatinc blond vIIl:!me appreciah!:: Thr 
serum protein concentration was derrrnined 
b y  the Kingsley biuret method(3) .  This  
value and the plasma volume were use? :n cal- 
culating the t o t d  circulating protein ccz:ent. 

Plan of the experiment. -4 baseline deter- 
- - ~~~ 

- ~ -~ .- 

1. .\iliarva. J .  6.. Am. J .  Physiol., 1950. v:::. 695. 
: . l i h , , v 3 ,  !. I; . schmitted for puhlicsr - 

!. G .  R.. J .  L d 5 .  a n d  Cl in .  . \ f , -  !,A:. 

vZ7. SAG. 



niinntion oi all the q.i.intitA::\e 21 

r!vGcri!,ed 3 h v c  J V X  ni.ii1t' :. e ~ i h  in(I1\-:(dad 
.it least a day prior to the =~llministrst;un oi 
digitoxin. and the subject w35 weighed at  thij 
time. After completion of the baseline studies. 
a to ta l  o i  1.2 rng of digitorin n-as administered 
intravenously to each patient. This amount 
was divided into 2 equal doses of 0.6 mg 
each: given one hour apart. Five hours aiter 
the first injection of digitosin. venous blood 
n-as withdrawn and the solutio; containing 
T-IS24 (Evans Blue) and sodium thiocya- 
nate was injected intravenously. The  plasma 
and total blood volumes u-ere measured on 
samples drawn 10 minutes later. The thio- 
cyanate space was calculated from a sample 
drawn 3 hours later (S  hours after the initial 
injection of digitoxin). The Total serum pro- 
tein concentration was determined on samples 
drawn 5 ,  7, and 8 hours after the first dose of 
?l!-coside: and the hem2:ocrl:. on the ~ ~ n l e s  
drawn at  5 and S huu:~. In  order to deter- 
mine whether the a1:eratioxs In fluid dist:ibu- 
tion were reversible. the entire battery of tests 
\\-A; repeated 7 2  hours after the injectiar, of 
ciiLitusin. 

Each -,a- M r t h a d  0;  s fg t i s t i i n l  u t ! :  . ,::. 

:imz inyervals 

trr:iii!lc.:. f,,: i. I .:-: : : l i l . ; \ - i c  The nizan iiii- 
ierence and the l t s n d a r d  error were then cal- 
c:ilLi:ed. irom thrst. v ~ f l u c i .  '.: ' JVVL~S IJL:~IzcL! .  

Results. (Table I ) .  A progressive de- 
crease in the mean serum protein concentra- 
:ion d u r i n i  ;he il;=t > hour> ~ 3 s  iound. The 
decrease at  8 hours (0.75 per 100 cc) was 
;:ati;tically sinificLin: i t  = \ . L j .  The  mean 
values for the total circulating protein con- 
tent before the administration of digitoxin, 
and 3 and 7 2  hours after its administration 
were 215, 2 3 5 ,  and 200 g. respectively. The 
increase of 20 g at 5 hours F a s  significant 
( t  = 4.93. P = < 0.01). 
.i mean increase of 381 m! in the plasma 

i.o!ume and of 54s nil in :>e total blood 
volume (each roughly 10% o i  the baseline 
value) was found at 5 hours: the values at  

7 :  hto:jr< were lorver than the baseiize values 
in 4 of the 5 subjects. The mean increase in 
p 1 . i ~ r . ~  volume at  5 hours 'iyas 3t least su;- 
cestive ( t  = 2.95). 

The decrease in :he mean hematocrit value 

.il~hou?h or considerable magnitude. was not 
sienificant. T o  chanzp ~ 3 5  obzervrd n t  5 
burs. 1-0 =igniili.Jnt -1:e:stiim- in lmiy  
i~ci;::: m-ere noted durin: the period I J ~  I J ~ P  

servatinn. 31th9u9h there n-3s 3 dirht decre3se 
31 i? hours. 

Comment.  The results of the present study 
sugeest that chanoes occur In fluid rlistrihu- 
tion when 1.2 mg of digitoxin is given intra- 
venously to individuals without cardiovas- 
Culai :ii:oriit:-. -1 -igninsant decrease in the 
concentration of serum proteins and an in- 
crease in the mean total circulating protein 
content, associated with a suggestive increase 
in the mean plasma volume and a decrease in 
the mean hematocrit. indicate that there is 
either (1 )  a primary shift of water and a 
secondary mobilization of labile protein into 
:he va-cdar  iompaxment or ( 2  j a primary 
shift of protein containing fluid into the vas- 
cular compar tment .  T h e  masimum dilution 

. .  



, , :  :ir i , i , 8 , b 8 i  prsjLc,in- L~;)k>~.i:- : ' I ! i . j , > ' .  ,.tkcur:e.j 

.ii L\ h o u r - .  Cnior tun . i :c i  , the  c\prrimzn: 
1 ~ 2 3  SQ de-iyned that the plama volume FS 
not measured a t  that time. 

I t  is known that in congestive heart failure 
the onjet o i  diuresis is preceded by a fall in 
the specific gravity of the plasma, presumably 
due to an increased hydration of the blood 
plasma(4). The resultant increase in blood 
volume is thought to be responsiblefor the 
diuresis. -\ similar mechanism may have been 
in operation in the present stud!.: this would 
explain the decrease in the thiocyanate space 
and in the body weight observed a t  7 2  hours. 

The changes which were observed in the 
fluid content of the vascular compartment 
may have been due to a primary decrease in 
cardiac output, with a consequent decrex- 

~ 

-I S teu-u t .  H. J.. J .  Clin. Invest . ,  1941. v!O. 1. 

'. . . ~ ~ ~ i ' ' , ! ~ ~ ~  : i - r . - -  ,pr: Ht,s,~t.\.t,:. 3 : c ' , l - r  - ,  

:!IC Y C R ~ I ~ . ~ ~ : ~ :  :*,nt.. .in :ncrr.,iic 111 :.it. 
lii:?r:ti[iaI r1:iid pre5sure. or both. may also 
c'.iu>e the ch;lngv> noted. IVhether the re- 
sults were due entirely to the glycoside's 
e f f ec t  on the heart or whether there was also 
an ertracardiac efiect i j  not known. A more 
derailed study of the problem is now in 
progress. 

S ~ m m ~ r y .  The intravenous administration 
of 1.2 mg of di7itoxin to 5 male subjects with 
no cardiova.~ular disorder was found to cause 
a significant decreaje in the serum protein 
concentration and an increase in the total 
circulating protein content within 8 hours. 
The  results were interpreted as indicating an 
increase in the water and protein content of 
the vascular compartment. 

Received December 4, 1950. P.S.E.B.M.. 1951. ~ 7 6 .  
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JERRY E;. .\IK.\iV.4! 

From the Deparfmeirt oj Inlernal .lfedicirte. B u s m a t  Crm! Iccliool of Medicine 
Jt-ake Forest College 

IV'IWSTON-SALEM, NORTH CAROLISA 

Y R I S G  the course of some studies in immunophysiology, it \vas necessary 
to determine the normal values and their random variations for the estra- D cellular fluid compartments in normal rabbits. The plasma volume, total 

blood volume and the thiocyanate and radiosodium spaces were, therefore, measured 
in a total of 4j rabbits. Serial determinations of the plasma volume and the thio- 
cyanate space were made in 6 animals. The reproducibility in any individual animal 
of values for the thiocyanate and the radiosodium spaces was determined, Serum 
sodium and potassium concentrations were measured. The radiosodium space oi v3ri- 
ouq t ! s u v G  a: .( l  o y : i n s  s:,.3s detern:ir.cii in  o Xninials. ;LE :..e:! their t o t a l  i'.str'r 
c o !? ten t . 

l '  

, 

I VATERLIL A S D  METHODS 

Received for publication February 27, 19jo. 
' This investigation was supported ( in  par t ;  h:- the  r. S. Atomic Energy Commission under a 

contract with the Bowman Gra!- School ni Sledicinr a r , j  tin pari hy a research grant from the 
Division of Research Grants and Fellowships of the rat ional  Institutes oi Health, C. S. Public 
Health Service. 

The Sa2' used was supplied by the Sational Laboratory, Oak Ridre, Tennessee, on allocation 
from the U. S. .\tornic E n e r e  Commission. 

I * AEC Fellow in the lledical Sciences of the Sational Research Council. rq48-19jo. 
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i i l h ) o t l  \\itl),!,r,t,: .. ittr car:! itu,j!., d ?  'yL.* := i o  1 4  ,]J;,.. : , . :c .  r t < j u ~ r t v i  :,:: 
r r i t  to return t i :  I ' I V  ori<inaI \ J ! u ~ .  

Tala1 Hood 1-ci/urnt.. The mean torai b!oo(j \ iliume. lta:e,l on 0- ~ l r c r r n i : : ~ . i [ i o n ~  
in 39 animals. was found to be 69.8 cc kg. ltakile I i .  Repeat deterniirdtions in 2h 

animals varied by a mean of 6.34 cc kg. So  correlation was noted oi t h e  interval 
between the repeat determinations and the magnitude of the difference tY?t {yeen the 
2 values. 

Tkiocyanale Space. The mean of 68 determinations of the thiocyanate Space on 
a total of 39 rabbits, based on the Io-minute samples, was 217.8 cc kg. (table I ) .  

The mean of the 3c-minute samples, based on a total of 50 determinations in 32 
rabbits, was 237.6 cc kg. The mean of the ;*minute samples, therefore, was 20 cc kg. 
greater than the mean of the Io-minute samples. Thirty-minute samples revealed 
slightly less scatter than the Io-minute samples. The upper limit of the values for 
both the IO- and the p m i n u t e  determinations was practically identical. Duplicate 
determinations of the p m i n u t e  readings were more reproducible than the Io-minute 

10 20 30 40 5 0  60  70 80 90 100 :lo 
M l n u t c s  

' T c \ \ \ X T C  \\I1 h \ . l  . L J I (  !I . \ 'I r !  7 - III" .. . "le 
i < -  

. t' ut te r .  
. .  

reaiiiigs. tk.e : m a n  difiereiice i n  rhe iu rmer  Lrln; IS.:,; 1 I Lc. 
8.66 cc kg .  T!;ere I' :I-  . 1 t 8r:' 
a t  I C  o r  :3  xinutes anli . ..,i'.C ' 5 :  

mi r > .  

RudinsoJi:irn SpJl-!-. The mean radiosodium space. based uii t h ~  O I x - t I s J U T  urn- 
ples on b8 determinations i n  j g  ra t l i r s .  .%\a= i iwiiid t<J l;t: 2rJ.j 1'1' 1;:. TI: - . L ! Y V  1,<3j 

45 cc k g .  gredter than  the mean thiocyanate space based on the Io-minute samples, 
and ' 5  cc k g .  nrznter than the thiocya~ate space based on the 3o-mir;ctz 
The variatilit!, oi the j measurements \vas roughiJ- equai. t h J r  ~i t!ir ; 

thiocyanate spnce being the least. The mean difference and the scatter or duplicate 
determinations u i  the radi0sol;cni >pair d as gre<iter t h a n  :hose ior !lie : b - i l x y m a t c  
space a t  either IO or 30 minutes. 

Serum Sodirtnz J I I J  Po:assirtm Comcrz!rcl/ions. The mean serum sodium concen- 
tration, based on a total oi jg deternixitions in 33 rabbits, \vas 131.9 mEq 1. with 
a standard error of 0.97. The mean serum potassium concentration, based on the 
same sera, \vas 4.5s mEq 1. with a standard error of 0.0ij. Serum sodium levels 
showed less random variation than serum potassium levels. There \vas no correlation 

. .  . .I #I? of the intrrval betiyeen duplii 
. .  .. . 

. .  



coefficients of variatmn ior the determinations oi the total water content of any 
tissue or orgar, new l:s~all>~ smaller than those for the deternijriations of the radio- 
sodium spaces. 

DISCUSSIOS 

I n  tilt i1!:::,11 r \pr .x i ta i : :  :cti l lc I , it v.d+ iou11t1 ti;ai .>:'!lcn wries oi y to 13 
determinations oi the plasma volume, hematocrit, total blood volume and the IO- 
minute thiocyanate spare were made ever>- second to third day in normal rabbit, the 
respective means and standard deviations were 46= j.j cc kg., 3jr4.3 volumes per 
cent, 72rt8.9 cc kg. and 1 9 4 ~ t 2 1  cc kg. The values obtained in the subsequent 
studies involving a single or 2 repeated determinations on normal rabbits agreed 
fairly closely with the previous serial determinations. In the only other similar study i 



l . ~ r i i i , i  7 . I  ' !. : < I  ' : , I  , ' , I  , \I-,\:,>,,-: : ' , (  , , :  ' ' : ,  1 ,  . 
b l i  , I , , (  1 ' :  ',,I , ' .  ',',,I. -: . I  ;:, t,<i.Y,. , , f  :7>rt , . -  11) : ' , . !L: l , l '? <, :  t '  I \i,!, I 

i>!Jtclii-ied t i  111:: . ' ,  . , i l i t . r  ' I ~ ~ : ~  ~ J I  t l i c t  I - . \ , i i  - I{iur> l".~: ! :  \ . A I I  \ , i , u t ' t , i  t : .e i,iasma 
\.olume ~ a s  j z  1 kz. .I'he l ! i o o t l  wiurne sbvLi> 1 r > ~ i . , 1 1  I ~ I  i'r ~ l r : ~ ~ ~ o r i ! 4 , i : ~ l  ~ I J  t i e  body 
weight and not IO the suriare area. These results a re  consonant wit11 the hr.?:nes in 
th t .  ])resent iniestigation. SCJ comparative d i t 3  h a w  been found regarding ::.e th l lJ -  

cyanate space or the rate of disappearance oi the ion from the blood stream in rabbits. 
T h e  results oi the present s tudy indicate that regardless of n hether t!.e thio- 

cya iu te  determinations based on the IO- or ~;o-rninute u m p l e s  or the radioiodium 
space based on the one-hour sample are  employed as an index of the extracellular 
fluid volume, consistently reproducible results can tic otltained, a t  least ir - ?ma l  
rdbhits. There is valid argument against the use oi the Io-minute readinz:. 1' .inc'e 
equilibration had not occurred at t h a t  time. Howel-er. ior technical reasor.:, this 

. ,  . . .  

I '  
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S L X J I . \ R Y  \SD COSCLCSIOSS 

The normal \-slues and their rantiurn variations for the extracellular fluid COR:- 

partments in normal rabbits were determined. Plasma volume was determined by 
the T-1824 dye method; the thioc!.anate S L J ~ W ,  bj- the dilution of sodium thiocJ-d- 
nate; and the radiosodium space. tJy rhe dilution of Sa2. Serum sodium anrl p0:2:- 

sium concentrations ivere measured 1jy &me spectrophotometq-. In  a series oi j g  
animals, the plasma volume was found to be 4 2 . 3 h 7 . 3 . 9  cc k g . :  the  total blootl \.n!- 
ume. t q . S = ~ ,  1 2  ,<i<<', ; I ;  ' . -I-  < cc. kc . :  an i ]  t!,:, :-J : . 

sodium space, 2 0 ;  2 ~ 2 2 . 1  cc i; m sodium t'tliictyltratio!; \\.is I ~ I . , J ~ ;  2 

niEq I . ;  the  w r u m  pl)t,i , 4 ~ S Z C  ; t ,  11;F:rj 1. -1i.e mear: i j i f c . : ~ : .  ,: 

between 2 determinations in ZQ s as iolloivs: plasma volume. q . x q k  i . 2 5  

k: . !!:r I!-,;( i '  

t r .  51';:'t'. i1.-.2=:1 L ,  

. .  . 1 , , i ' :  : '  . v - , , , r : 1 i ~  r , : i , i ,  .; :,,I t y t ~ , , . . i r t : , :  I , ,  I ; (  . 
I., . 

established. 

i K hich was approximately IO per cent less than that measured by the radiosodium 
ion. IVhether this relationship would continue in abnormal physiologic states remains 
to lie studied. Presumably the radiosodium ion at  one hour nieasured in \-arious 
organsand tissues the volume of fluid {vhich was extracellular. The thiocyanate deter- 
minations were reproducible in normal rabbits. regardless of \diether IO- or 3o-mi::utt. 
samples were compared. The random variarions in tlie values for the thiocJ-anate or  
the S a "  space u'ere roushly equivalent. Tissue sodium spaces are probably not COX- 
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BY C.L!lILLO ARTOM AND MARJORLE A. S\I.'.\SSOS 





0 ESP€.HI\lE.ST.IL 

JIsle albino rats rai-clj on a st9ck diet (Rockland Farms rat diet, com- 
plete) were sacrificed o r  transferrcd to an experimental diet for various 
lengths of time (6 to35 days). One of these (Diet 26 ( 7 ) )  contained 5 per 
cent casein; the other !,Diet 29 (8)) contained 25 per cent casein. In 
several experiments, the animals were further depleted of transferable 
methyl groups (9) by the addition of 0.5 per cent guanidoacetic acid 
(C;?L\i to Diet 2G. In other experiments the choline deficiency ivas cor- 
rected by adding 0.4 per cent of choline chloride to Diet 26. A mixture 
of pure B vitamins (81 was incorporated daily into the experimental diets. 

The livers of two rats, maintained on different diets, were often used 
in one experiment. The animals were lulled by decapitation, and the 
livers rapidly removed? chilled in 0.9 per cent SaCI, and sliced free hand. 
Between 500 and 800 mg. of slices were added to  6 ml. of Krehs-Ringer 
phosphate solution, pH 7.3, containing 50 mg. of glucose, any other de- 
siiwl xidition. nnd npprnsimatdy 2 p c .  of P5? (as sodium phosphate). 
Tlir fla.sks nt'rc. .-h:ii;cAii 4 hoiirs i i i  :L iVarh1.g h t t i  :it 37'. in the, pi'r.wnw 
of air or of a 5 per cent C'02-95 per cent 0 2  mixture. - I t  the end of thc 
incui):i:ii.in pcriod, 12 nil. oi 10 p r  i.t'nt ti.ic,hl,iro:ic.ctic' acii.! (TC'.\'i n c s ~  

ad&d.  The precipitatp x-a5 centrifuged, \va.shed with three (i ml. por- 
riotis of 5 per cent ?fc .I, ani{ cii,1l\-iirntt,t! tr\.ernicht {r-ith 3 l 'P fu t l e .  It 
\VAS then e x t r : u * t d  ttir,.c. times each with boiline ethanol :mil ethanol- 

- i ~ ~ l i : m ~ ~ l - v ~  i.. :. t \ t  :':wt \vas c..::iporatcJ 

c i i . - ~ ~ ; ~ , - c d  i l l  ~ ~ ~ ~ I u I Y , ~ I ' I , ~ I ~ - I  Lil t1 The , .o l i : t i i in  f i l t tbrcii  \ l i c i i i o~-  ! ) I  t;Jt:.:ilt, 

ivere t a h n  ior t h r a  rieterminat ion u i  t o t d  lipides [~JJ. nwglll, aiter r iapo- 
r:tT:,IiI # ) i  ti ic,  w l l \ i , i i i  :,r"tf&r incinrrntilin in HYO,;-ll.,-~ 1; 

I, 10 8 ,  ' * S t . i i i r d  f x r "  :..t- t ~ - t i n i ; ~ : ~ ~ I  irom thc  ~ i i 5 ~ ~ 1 . t ~ i 1 , ~  i l ~ ~ ~ \ \ c ~ t  l i  t i i t .  total 
lipides and the total phospholipides (lipide I' x 2 5 ) .  In order t o  elimi- 
nate the las t  trace? of inorganir P. t h r  rcniainder i,f the chlornform w l \ i -  

tion I\-as Fhaken with 1 gm. of Sa?HPO, and a few drops of water for 5 
minutes. The solid n'm seclimented by centrifugition, and an aliquot 
of the supertintant s l J \ U r l l l l l  t3kc.n i o r  t~ctc~rn1i!I.iii~~II i d  r:dionc!iVity ' 1 1  '1.  

In all esperiments, at least one blank was prepared from each liver. This 
\\-a treated cxac.tl>- like the csperimcntal S X I I ~ ~ W .  except thar TC.\ was 
added immediately after the Pn. The counts in the lipides extracted 
from the blanks were usually 1 to 2 per cent, and never more than 5 per 
cent, of the counts in the lipides of the experimental samples. I t  seems 
therefore that  our technique for removal of inorganic phosphate, although 
simpler than that used by other investigators, is adequate for our purpose. 

The inorganic P w8s precipitated with magnesia mixture from an ali- 
cliint of the TC.4 Pstrnct. This precipitate was taken up in a few drops 

I 

& I 

131. :i >t<, . : I l> (lrivcl l i o t l r ~  ! / /  , ,: ' io  ;t i  4.j'. l ! l t l  :! - : z I 1 1 + ,  >\\.as 
. .  . 

e i t r i t i  1 i i ) i i l ; .  I' 



l,f 1 1 I fC ' I .  t I i I \ i i # . i I  10 
Iri pwp.tri[:: : l i t >  .s:mplt'.- i o r  ra~Iio:tt~:l.:ity nii.:t,.iir(,r~i~'rit, 

a(l(litil)n oi :I i(.\!- ml.  tli : w t ~ [ ~ ~ i w  f w i l i t : i t w l  t l i o  ev:ip~i-:itioti 1,i ) :itlti 
ttlcx &pu.;itiori f ) i  :in t ~ ~ b ~ t ~ n  tiim of . -d t> .  T h c .  .simple:: w r c  IJrought to a 
uniform weight by addition of a solution of non-radioactive lipides. Be- 
cause of the presence ai  t comparatively large amount of phosphate in the 
buffer, the specific activity of the phosphate decreased by not more than 
10 per cent during the incubation. In preliminary esperiments in which 
other buffers were used (citrate, bicarbonate, glycerophosphate), the spe- 
cific activity of the inorganic P was initially much higher, but declined 
to  about one-fourth of its original value during the incubation. Varia- 
tions of this magnitude would obviously increase the uncertaint.y in the 
calculation of the amounts of labeled phospholipides synthesized by the 
liver slices. 

CaZcuZatiorts-Since the amounts of tissue, inorganic phosphate, and ra- 
dioactivity in the samples varied somewhat from experiment to  experi- 
ment, the results, corrected for the blanks, were calculated for 1 gm. of 
moist tissue, and divided by the specific activity of the inorganic phos- 
phate. 

1i .O.  :irirl u+d ior t t i t .  ~ ~ ~ ~ ~ ~ ~ r r i i i r i ~ t ~ ~ ~ ~ i I  oi 1'3; 

arid ( 1  1 I .  

The formuh used was  as follows: 

Counts per aec. in E counts per see. in B Counts p e r  sec. in Z ( Gm tissue pm tissur ) /  Y l  

- 

(where E = lipides from the experimental flask; B = lipides from the 
hlnnk flask: I = in~lrc:ixii(~ P fronl  t h e  blank fla-k . Thp V ~ I I P , ;  ohtnined 
express the microgram; oi inorganic P incorporated into the phospho- 
lipides. or. rn~iltiplit~~~ r & ~  2.5. thl. mic,roirr:imG of I:ib!e~i phwpholipides 
formed b>- 1 gm. oi t i . G . s u < a .  Thew are minimal values. .-irice the calcula- 
t i o n  does not t::kf. i n t o  w i  'lunt ::evernl fnr tor-  lq\.hicatj tpnd to lolver the 
r ' o i i l  I ! i * r x t i o i l  .*:' ! ' the; inrrp:i,.<. ip  t1.o :Imoun: > ) r '  
inorc:tr;;i, 1' < I I I : . ! : I :  1.'. :'rcim 
prelorniccl ~ h t . r i c c ~  iinlatit'lerl~'~ prwi~r . .~  I P .  o r  the Lrcaktlc)l.rn of ne\\-ly formed 
pho.;pholipi,ltlG !lOf,  Irc tt~:lilitL:!~. i 1 l t i  I li : I I ~ ,  *.\jicrinicnt. 

i ~ i  t l l i .  !ipi(li>-. - i i , . l .  
. I .  ill,.'. q . ,  , 811.  T I I ~  . ->- r i  . . 4,: I I : , , I . . ~ ~ ~ ~  . :  

. ~ ~ / t l i z .  

Eficfs of Diit---In T:t!IIt> I : i r ~  rrpiirtine reprcwntnti\.P data from 
esperiments in which slices were prepared simultaneously from two rats 
mtintvined for the smic  Iength of time on different cliets. The rats were 
of the s:irnc' nett'. t n i t  of ~ l i 5 t ~ w n t  w i g h t ;  hcc-:Lli.-i. t h p  :~r:im:il. on glcfir.ient 
diets grew poorly. In  the livers of these rats, neutral fat was increased 
and total ph(~.~phc-)lii)itlcc were dwrpxvd.  ns espectrd 12 . Slir-.e,s of thesc 
livers incorporated inorganic P3? to a much lesser extent than liver slices 
from rats on the stock diet (Esperiment 21). This difference is apparent 





* For .\- - 1 = I0 (degrees of freedom! and  I' = 0.01 [probability for a chance 

t Stock diet or Diet 29. 

Q Standard errors of the mean differences. 

occurrence, .  1 = 3.169 (12). 

Diet 26 or Diet 26 + GAA. 

TABLE 111 

I'arious Diets 
E$ccts 01 Addi t ion  in I-itn, ( 8 1 .  Chc)lil,e C'hloride io Liver  Slices of Ruts on 



high protein diets. There was no difference in the effect of choline zn 

with G.1.1. On the other hand, cholint. definitel>- cfeprcssd the rate of 
phospholipide skmthesis xhen the 1i:er slices had k e n  obtained from rats 
on the stock or high protein diet. The changes caused by the addition 
in i i lro of choline to the liver slices of rats on either high or low protein 
diets appear to be statistically significant (Table 111). In one experiment 
with liver slices from a rat on the Btock diet, the phospholipides were 
fractionated according to Taurog et al. (17). It \vas found that the forma- 
tion of both choline-containing and non-choline-containing phospholipides 
was depressed to approximately the same extent. 

The effects of ethanolamine and betaine added in titro will be mentioned 
only briefly, since these were less marked and less consistent than the 
effects of choline i n  t i t ro .  In the livers of rats on the stock diet, ususlly 
ethanolamine inhibited phospholipide formation, while betaine stimulated 
the process. Increases as high as 50 per cent ivere found after addition 
of betaine in conrentrations of 1.7 X M or 3.3 x le5 M. but no such 
effect \\-a> o t w r v e d  ~ l i t ~ n  the suL.--m.r .  LL.. prr i :It 1(J7,\-t?r conct!ntra- 
tions. 

i d r o ,  xhether the rats h:d been ied Diet "ti alone o r  Dirt 26 supplemented 0 

1 



SUMMARY 

Slices from the livers of rats previously maintained on a j per 
cent casein diet incorpornttlti inorganic PJz into the lipides at a loner rate 
than liver slices from rata on a stock diet or on a 25 per cent casein diet. 

Supplementation in vir0 of the low protein diet with choline prevented 
or reversed the fatty infiltration but did not raise the ability of the iso- 
lated liver to synthesize phospholipides from inorganic phosphate. 

The addition of choline in vitro inhibited the formation of phospho- 
lipides in the liver slices from rats on the high protein diets. When the 
rats had been previously maintained on low protein diets, choline added 
in mtro to the liver slices stimulated the process to a certain extent. 
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Since von Pirquet and Schick published 
their description of serum sickness( I ) .  many 
studies concerning the relationship of certain 
histologic findings to immunologic phenomena 
have been reported(2-5). Such azatomic 
changes have been well delineated. but the 
physiologic alterations which are induced by 
antigen-antibody reactions are still poorly un- 
derstood. I t  has been found previously that 
in rabbits sensitized with human plasma shifts 
in the distribution of body fluids occur a t  the 
time humoral antibody is first detected. The  
data were interpreted as indicating that a 
severe immune reaction may be associated 
with chanzes in the permeability oi membranes 
( 0 ) .  The methods employed in theze studies 
did not permit localization of the o l i w x d  
changes to an). jpecihc tissues or urzans. 

The present erperiment waz undertJken in  
corder t o  determine the site oi the niaximuni 
alteration in fluid di.Gtrihution iollowing the 
inicc'tion a larpt. ~ I J . G ~ .  u i  hun1.i.: i-:w int t ,  
rabbit:. Radioacti1.e s ~ ~ l i i i n i  I 1-x' I w L t s  

t i ~ s i  .I.; a tracer. 
Motrr ia fs  and rnrfhods. Domestic rabbits 

<ai i? i i i?d b r e d < .  weighing from 2 to 4 ke each. 
were ;)i.icccl in  individual cazc. nnrl  fed ;t 

stock diet. \\.ater was given without restric- 
tion. The sdme pool n i  hunian p l a ~ i a  was 
used as the sensitizing antigen and as  antizen 
for the precipitin test. .\nother pool oi human 
plarnia was denatured b>- brinc he;ited to 
1oO'C for 10 minutes. The  filtrate of heat- 
denatured plasma was diluted with physiolodc 
saline solution to the original volume. The  
methods for the determination of the plasma 
-~ - 

* This investigation was supported in part by the 
I'. S. Atomic Energy Commission under a contract 
with the Bowman Gray School of Medicine and in 
part b\- a grant-in-aid from the .imerican Heart 
.issociation. Na24 was supplied by the Sational 
Laboratory. Oak Ridge. Tenn.. on allocation from 
the L. S .  Atomic Energy Commission. 

t Research Fellow of the American Heart .isso- 
ciation. 

volume, thiocyanate space, radiosodium space. 
tissue radiosodium content, and tissue water 
content have been described previously( 7). 
The appearance of humoral antibody was de- 
tected by a qualitative ring precipitin test. 
The human plasma, diluted 1: 100 in physio- 
logic saline solution. was used as antigen to 
overlay an  equal volume of undiluted rabbit 
serum in 2 s 20 mm test tubes. 

Eighteen rabbits 
were divided into 3 groups of 6 each. Group 1 
( t e s t )  and Group 2 (control) consisted of 6 
rabbits each. The animals in the 2 p u p s  
were paired as to sex and body weight. On 
each rabbit. tit-,) baseline determin3tion3 
the plajnia \-olunie. the hematocrit. and the 
thioc!.anate and radiosodium spaces were 
made o t o  7 days apart. Each of the animals 
in  Group 1 then received intravenously 10 ml 
Ili hunidn plasma per kg oi bod>- wight .  
5 nil k: bein2  administererl on each oi 2 Sue- 
cessive days. The animals in Group : dit1 : i t i t  

-vf-ei\.e i:i.iet-tii>n: oi human plaim:i. ' ~ u i  were 
othrrn i?c treated identically. BCnii>ni7: 1 ) n  

the iourth day aiter the injection of the initial 
dose of c r n t i w i .  ;)recipitin te..ts \\ere per- 
ilirnirci d:til!. o n  all rahhits in both croups. On 
the day when humoral antibody hrst appeared 
in  an snimal in Group 1 .  the volume deter- 
minations were repeated on the animal in 
Group Z which had been paired with i t .  and 
the 2 rabbits were then sacrificed b!- essan- 
guination. For each animal the tissue radio- 
sodium space w35 determined on 2 portions 
(roughly 1-2 g each) of the following: carti- 
lage, kidney, skin, tendon, lung, subcutaneous 
connective tissue. heart. appendis. stomach, 
adrenal, liver, spleen. abdominal muscle. dia- 
phragm, and gastrocnemius muscle. The total 
water content was determined on one portion 
of each tissue. Group 3,  which served as an 
additional control. consisted of 6 rabbits 
whose ses and weight distribution wa5 com- 
parable to that of the rabbits in the preceding 
two orzlups. E x h  animal received by intra- 

Plan of the experiment. 



\ ~ t ~ i i ~ l ~ l .  i n j r i t i o n  1 j nil oi dcl1dtuird humin 
pl:i..n)a per kz oi bod!. weicht. 3 rnl !ic !win- 
adniini2terrd on each oi 2 succe~>ivv daj.5. 
SL~ volume determinations were made in this 
yroup. since no changes had been detected in 
Groups 1 and 2. Sis and a half days after 
completion of the injection of denatured 
plasma-the average interval at which pre- 
cipitins were first detected in Group 1-the 
animals were sacrificed by exsanguination for 
tissue analyses. -4t that time the precipitin 
tests were negative to both dengtured and un- 
denatured plasma. The following organs were 
.studied: adrenal, kidney, stomach, and skel- 
etal muscle. 

The  total blood vol- 
ume, plasma volume, thiocyanate and radio- 
sodium spaces were recorded in milliliters per 
kg oi bod). weight. For each animal the dif- 
ference between the mean of the two baseline 
determinations and the single value obtained 
on the day the precipitin test tirst became 
PI 15itive \vas calculated. The mean difference 
between the baseline and response values was 
then obtained. and the significance oi the 
mean difference was tested by the following 
iurniulae i n  which d 1 mean difference. 
stl = standard error of the nie:tn rliiierence. 
5 = - i imm. i : i~ ln  of. n = nurnlrer oi  animals: 

Statistical analysis. 

- 

- 

-- 
, h i  2 

-- -,I E \ 542 - - - 
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The c:liliuidted value ior "t' was compared 
rvith the value a t  (n-1) derrreei of freedom. 
as obtained irom standard tables. "t" was 
considered sieniticant i f  P <0.01. The results 
oi the t i sue  analyses were analyzed by 
groups. The mean values for tissue water 
content and radiosodium content were ob- 
tained ior each group and their respective 
standard errors were then calculated. The 
significance of the difference between the 
means was tested by the following formulae: 

I Y group mean 
- - -  - , _., -.., SI = stand.  er- 

- 
- 

,1 = xl-x, 5 1  r \ SSI+ ss.: ror of  

R(.siritr. Precipitins to undenatured human 
plasma developed in the animals in Group 1 

mean 

' 



I tr-t I :it Li nit',in ( l i  i 7 . 5  ,!,I!.- . I I [ V :  t n e  initial 
injrctilln o i  antiurn. S < I  i)rrcipi:in: :o u n -  
denatured o r  denatured pl,imri develirped in 
the animals in Groups 2 or 3. \Then the aver- 
age oi the mean baseline values a t  the time 
oi sacrifice were compared with the average of 
the mean baseline values. no significant differ- 
ence was  found in the weight, plasma volume, 
hematocrit, total blood volume. thiocyanate 
space, or total radiosodium space in any 
group (Table  I). 

Comparison of the results of the tissue 
analyses on the animals in Groups 1 and 2 
shows the  radiosodium space in the adrenal 
glands of the sensitized animals to be sig- 
nificantly increased, without a n  accompanying 
increase in total water content (Table 11). 
So significant difference in the radiosodium 
space or the water content of any  of the other 
tissues or organs was found when Group 1 is 
compared with Group 2 .  

T h e  results oi the tissue anal!.ses in Groups 
1 and 3 likewise reveal the radiosodium space 
to be significantly incrrased only in the ad-  
renal glands of the animals injected with un- 
denatured plasma as comparrd wiih those 
ziven denatured plasma. So -irnificant dif- 
ierence in the total water content $ 1 :  :Fie zlnni l  
w s  iound. The kidney. s t tmach.  and skeletal 
muscle revealed no chanze i n  r.iri:o;odium 
space or total water content. 

Comrircnt. The development of humoral 
antibody i n  all animals injrctrci wit5 unde- 

T - 4 H I L  I I. Hndiosocliuni Sp2i-c' and Tot:ll \Vater 
( ' , , 1 1 r * , n :  c,f I ! , ,  . \ , I I ,  11 , I  f i ; : : t l l , i  ' I :  .I l l . : * iz t~, l  nnal 

( 'oiiitr<~l R:I I~I~IT- .  s i x  :iniinals i n  e i t v i i  series. 

-- >1*.:111 l : l I ~ l t ~ ~ - - -  

l?:lnlio<~d!uni K : t ? t , l .  

'1 ) : I , ' ,  , * cl l r rcwt  

( 'i of ( 5 %  of 
( ; r , t l I l ,  \l 6,: I V t  \\-1.t wt 

1 l i i j .  w i t h  uudenntutwl 18.uti 63.03 
__._~ ~~ ~~ ~ ~ ~ . ~~~~ 

plosmn 
2 I 'ninj. controls 14.99 63.75 
3 1n.i. \\.it11 rlvn:iturt.il 11.21: 3i.SO 

i8i:l,lll:l 

Summary of st:itistir:il a n n l y s  
R:tdiosodiuni spart' \ V : i t v r  t . ~ ~ n t t . n t  - 

(;rllu1,< ;i Sa t (1 $11 t 

n,iliir.c.il j,l;i..ni.i (, t ,r , , , : i i  I I i i i i l i c . i t r -  ri: I; .i 

iert;iin iivi.rrr O i  y i . , - i ! ; / . ~ ~ i ~ ~ ~ i  M.L. i i ~ t l ~ r ~ r t l .  

> i n w  n o  ueneralircd ph>..\iulogic altrrJ:i,in> 
drveioped it must be assumed that this zrnsi- 
tizatiun was minimal. The fact that changes 
in the tissue radiosodium space were limited to 
the  adrenal glands oi those animals injected 
with untreated human plasma and were not 
present in those given denatured plasma or no 
antigen a t  all suggests that  this gland may 
play some vital role in the maintenance of 
homeostasis. It may be suggested that the 
change in the adrenal gland may be a corn- 
pensatory response to the harmful effects of an 
antigen-antibody reaction. From the da ta  
available, it is not possible to determine 
whether this increase in the radiosodium space 
of the adrenal gland was due to interstitial 
edema, to a n  increase in the isotope content 
within the parenchymal cells, to a relative 
decrease in parench!-mJl tissue. or t o  .I <,mi- 
bination oi these factors. 

S U W Z ~ Q ~ F .  Rabbits sensitized with human 
plasma (10 ml kg)  developed humoral anti- 
body followin: a mean interval of 6 .5  days. 
so changes were notcd in thr  blood \.oianie 
fi)r in the thiocyanate or radiosodium r p x e  a t  
ih:i: tinw. Tissue anal!.-r- :e\-ealed the radio- 
wdium space to be siznific.mt1). increa;ed in 
the diirrnal z lmd u i  those animals gi\.rn in- 
jections o i  untreated plasma. as compared 
with animals nivrn &natured plasma I I ~  no 
nnticen nt  all. S o  increast. ~ 3 .  nlg;ti! in 
any  u f  the 14 other t k u e z  or organ2 2tudit.d. 
S o  significant differences in the water con- 
tent of any  of the tissues or organs were found. 

~ ~ . 
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1 e i i i  1 1 1  * I : ( .  ~ I I ~ ~ ~ ~ I I I ~  v a r .  [ l i t .  ,> r.itic(8 ,~]!: ir~ct.~~I.  ;III,~ t i i l ,  s o I 1 i l i t i i  iliiocyanatc i n -  
jcv.tc.<l tibiii:lzIL I tw  saiiie t i t w \ \ t b  \v i t I i i i i  ot iv  i 1 ~ i i l ~ i t c ~ .  'Teri  lriiriutes ioliowitx 
~ ~ I i l ~ ~ ~ ~ ' ~ ~ ~ J 1 1  ~ J I  1 1 ~ 1 ,  i t i , j ( ~ i * t i t . l l i .  2 n i l .  Oi t ~ l ~ t t l , i  i \ t ' l ' C  ~ ~ 1 1 I c t . t ~ ~ l  f'rom then first ear. 
IVtieii sc,r.ial i l~tt , i ,nii i~~iti l ,r i~ \ w r ~  l)i'e\ ioLisIy ,I,>llc, ttlis arbitrary inisin:. time 
was f o m d  to Five rcproducihle results for lwth blood volume and thiocyanate 
space.' 

Preliniinat-y Erperi-ntents.-In order to establish the minimal sensitizing 
dose, 3 rabbits were given a single subcutaneous injection in the interscapular 
region of 0.5 Gm. per kilogram of concentrated human albumin. Two rabbits 
developed positive precipitin tests on the twenty-ninth day, but the third animal 
was still negative on the  thirty-second. 

A single subcutaneous injection of 0.75 Gm. per kilogram of concentrated 
hulnan albumin was then given four other rabbits. TWO animals developed posi- 
tive precipitin tests at 13 days and 2 a t  14 days following injection. 

Definitice Experiments.-Two baseline determinations were made on SUC- 

cessiye days on each of 5 rabbits (Group 1 ) .  ,Ifter the second determination, 
each animal was injected subcutaneously with a single dose of 0.75 Gm. per 
kilogram of crystalline albumin. Precipitin tests were performed daily on each 
rabbit, but 110 inrtlier fluid volume determinations were done until the day 
that a positive precipitin reaction was first obtained. The measurements were 
repeated on that (lay an11 the iullowing d q - .  

Tirel\-l: ral)bit.; itiroiii) 2 I \\.ere treated in  thc sii111c fashion eseep; that a 
sinnle intravenous injection of caoneentratrd alhnmin in a dose of 0.5 1:;m. per 
kilogram \\-as given. 

Six rahhits 1 Groiip 3 )  \ \ere studied in a n  illentical manner escept that 0.25 
Gin. per kiluqram o i  sc'i'iii1i c l ~ ~ l ~ u l i i i  \!-as yiven int  ravenously. 

A5f(rti.fi(:ltT -lnu~!/sis.-TIi~~ total lrlood wl \ i i i i e .  plasma volume, lieniatocrit. 
~lii,l~.yiiti;itt:  ~ I G I ~ V .  i i i i ~ l  weicily i i ~ r e  rc~>c~rdccl iii i i i l G (  . I .  \.aliir~s. The meail oi 
tlie t i v ( +  '* ; \ I  l i t i t .  ~ l ~ ~ t c . ~ n i i i i ~ i t i u i i ~  I J ~ I  e;i~.li aninin1 xas  111,ai~d ii-i:!i the nipall u l  

tlie trvo r e ~ ~ i o i i ~  dtfiterminatiuns made on the h!. i i i i i :  l ~ r t ~ i p i t i i i ~  appeared and 
on thc. t'nllo~vinr day. Tlic nieiin diffc~t~cticrs 1Ic.tn.een the haseline ant1 response 

i,!iiatetl. Tlir calculated \ i i I i i i ,  I < # I .  ' ' r  \vah coiiillai.c.cl n-ith tlirt 
i -a iu t ,  I t ~ i ,  i;-1 c l~~. rc .es  u i  i ' w d o i 1 i  as o l l t i i i t i w l  f i ~ ~ ~ t n  s t a i r ~ l i i i ~ ~ l  tablths. Ti.,. \.aiiie 
was considered sionificnnt i f  P \vas less than 0.01. 

The data obtained in absulute valries \ V C I Y  tiic1i c.iilculatt'd iii terms o i  iiiilli- 
liters per kilogram of body w i g h t  and tlic statistical significance \vas determined. 
Each animal wri-ed as its 01vn control. So attenlilt \vas made to compare one 
experimental group with another. 

. .  

R €3 L- I .'E 

General Observations.-Clinical serum sickness, manifested by erythema or 
edema, was not obsrwed in any of the groups with the doses used. 

Crystall ine Hunuzn Scrum d l b  to)tiu ( 'Crollp l).-Positive precipitin tests 
appeared in all animals a t  a mean of 22.5 days. S o  significant changes were 
found in any of the response values when they were compared with the baseline 
values. 
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I v a \ t )  t h t ,  h i o , ~ q l  1 , j ~ ~ n ~  rtalii!:. I , ; L I , Z ( , I ,  l ~ i O 1 t ~ ( * l i l t ~ s  hl i t . i l  ; I \  I ~ i ~ ~ ~ t o i t i  n t )Li1(1  he 1 o S t  

i i i  nit1i.t' httv(,rt,  iii-iaiil4t.s ; i t i< i  r.,xll \,lll(ll\ l ~ t ~ l l ,  \ ~ l l ~ ~ l l ~  I~;IL, ( I I I ~  l,f t l i t b  x.;ls(aular trt.v 
on]!. in t lit* niost s t ~ v ~ r t ~  t'cai.tiolls. 

-1 uniform. significant reduction in  the hematovrit occurred in all animals 
in Groups 2 and 3. Since the plasma volume had dec.rcascd. the total circulat- 
ing red cell mass must have decreased also. There was no clinical evidence of 
increased capillary permeability to red cells 89 evidenced by hemorrhage o r  
Petechiae. The clinical disease indnced appeared to he too mild t o  account f o r  
the decrease in hematocrit on the basis of extravasation of red cells out of the 
vascular tree. The possibility of hemolysis must be considered ; jaundice has 
been previously observed in another group of animals semitized w-ith human 
Plasma. s o  such sign was detected in the present study. It is also possible that 
a shunting and pooling of red cells in  some inactive tissue or  organs had OC- 

curred. No adequate explanation can be giren at  the present time for  this 
reduction in  hematocrit. 

The proportionately smaller increase in thiocyanate space in the animals 
injected with glohulin. as compared with those injected with alhumin. may have 
been due to the fact that the antigenic stimulus was quatititatively less. A 
smaller dose was administered and the laryer size of the molecule would mean 
that ft.\vei. antirrvnic 1,nrtit.les \vert' injcXc.ttv1 in  i t  ci\-t.ii wtxiclit of serum. 
E'urtIierniorc, tlie glohulin nio1ecult.s may be 1~s.: antiwnic than the smaller 
albutiiin t i i o l c i ~ i i l ~ ~ .  The rediictioll in thc inciclcnc~l~ I J ~ '  rlitiit-iil scriim discasc 
noted sincr tlie introduction of therapeutic antisera composed chieflv of the 
gamma ,olobulin f ra~t ini i  l inds f u r t h t ~ r  sii1)ptirt t o  t I i i r :  Ii!:lwthvsis. The wll.; 
to which antigens v i  various size attach. as xvt.ll as the sliet'll of attac~liment. var?- 
w i t h  t i i t ,  type oi anti-.<>\\ i i i j w t t d . ' ,  Tht. zlol)iiliii i : i ~ ~ \ t w . i l t ~  I I I ~ I J -  n i : ; i t . l ~  to cells 
wliieli ha\-(. Ita..; IAnpnvit!. ~'(JI. t i i t .  1 t t ~ o ~ l i i ~ ~ t  i l o i i  

tlic iiiio4:) i i t l i i t c .  

ion cuultl  not a l i v a p  bc wrrelated with ai1 incrcasc iii \\-vizl\r. The alterations 
cannot t l i t ~ i ~ ~ ~ ~ ' ~ ~ ~ ~ t :  !,I: nt t  r i l t i i : I  81 soll.l!- t o  ;I (l(>t'cv.t i i i  ~~;illi!l;ir>- ~ ~ ~ ~ i ~ t ~ i ~ ~ i i l ~ i l i t ~ :  wi th  
rt>ttmtioii oi c s ~ r a  t l i i i l l  i i i  t I i 1 ,  i i i t * , i x i i t i ; i l  \ l i : i 1 . 1 , \  . \~~lliit~t-.iitly tlic i i f l i . i i i ; i !  (lib- 

tribution o i  fluid in thv  buJy  \vas altered, prol)aIily as t i i t .  result ot' an incarease 
in pet'nicaiiilii>- of c ~ ~ ~ l l ~ l ~ t ~  n i e i i i l i t~ i i t i t* s  it., x i - ~ l l .  l i  i -  11111 I i i i o \ \ - i i  \vhctlic>r tiit .  

thiocyanate ion normally diffuses into rells or not .  In an?- event these ohserva- 
tions indicate that at tlie tinie humoral antil)odics W I Y  tlt~twtccl tlic pcrnicahility 
of menibi*anc~s t o  t1ic.w iotis ~ i i . ,  i t iv rwsdq so t l r i i t  t l i c . ?  tlit'<;i\c,l ~ I X I I I I  1 ) I o t d  into 
interstitial spaces and probably from interstitial fluid spares into cells. 

Histological tt.cliniclucs have dcmonstratt~I1 tha t  at'ttsr t l i ~  injel.tioii o i  anti- 
gens cellular reactions can be detected by anatomic methods before humoral 
antihodies are present.'. ' It  has been presumed that these histolo,piral changes 
are the result of antigen-antibodJ- reactions takinr plact~ on tlit. et111 membrane 
or ivithin the cell. but tlie speed with which specific antibodies are  formed within 
cells or attached to them is not known. 

The role of antigen-antibody reactions in the production of anatomic 
plomrritlar lesions followinc the in jcction o f  Irovinc. Irlolinliil into i.alihits ha.; 

i i i i i i i ) ~ ~ ~ l i t - .  

Tlicn i t i c t y : i h ~ ~  1 1 1  1 . ~ 1  i ~ t i \ ~ 5 < ~ l i l : i i ~  t l 1 , i i t l  \ I I ; I ( ' ~ '  ;IS I I I I ~ ; I \ I I I ~ ~ ~ I  I I ?  
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EXTRACELLULAR P U I U  SPACES IN 
# a w L  Rhmm 

:rot.) the Lopcrrtsient of intern61 Kedlcine, BoM6n Grhy School of YedLoina, 
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1 ?.-C i e l l o w  in tno Wedicul Zcienceu of thr htitionai Resecrch Council, .lF18-19SO. ~ 6 .  

Sodium 24 we8 a l loca ted  from t h e  Atomic Energy Corninsion. 
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In  t h e  course of  some s t u c i e s  i n  lmmuno;b.y~lolo~y,  it W L S  necessary 

t c  d e t e r m 4 n e  t h e  normal v a l u e s  end t h e i r  r e n d o n  v t i r i a t l o n s  f o r  t h e  ertrt -  

c e l l u l e r  f l u i d  compbrtments of n o m 1  rabbits. The P ~ C E E B  volume, t o t 6 1  

blood v c l u n e  and t h e  t h i o c y a n a t e  find radiosodium space8 were, thorefore, 

measured in B t o t a l  of 45 r a b b l t e .  

volume en? t h e  t h i o c y a n a t e  spaces were made in six animals .  The reproduo4 

i b i l l t p  in any i n d l v i d u e l  anlw61 of v a l u e 8  for t h e  t h i o c y a n a t e  and the 

radiosodium spaces war. determined. 

were measured. 

mined i n  s i x  animals ,  as  rei1 a 8  t h e i r  t o t a l  mter c o n t e n t .  Since no coin- 

;.srclble d e t a  were avoi lable  in the publiehed literature, the f o l l o w i n g  report 

we3 prephred. 

Serial  detomlnat ions  of t h e  pla6ma 

Serum eodiuea cnd poteseiupl c o n c e n t r a t l o n s  

The radiosodium # p e e  of vcirious tissues and organs was d e t e r -  

YhTbi I inL  hit” u!m3cs 

t o t a l  o f  45 normel. domest ic  a d u l t  r n b b i t s  of both s e x e s ,  w i t h  i n i t i a l  

body weights between two  t o  fou? i K . ,  mere k e p t  i n  I n d i v i d u a l  cages  and were 

f e d  c s t o c k  d i e t .  Pate? MS given w i t h o u t  r e s t r i c t i o n .  

The p-aame voldrnct krid t ; e  t a i d : . ~ . n a t e  space Yere determined by :ne 

T-le24 d:ye (CvRnq Blue) and ssdium t h i o c p n n e t e  techniques (1). 

the t h i o c y a n a t e  i o n  were injected R S  a 6terlla s o l u t i o n  containin? a z i x t u r e  

of 1 me. per  cc. of Evans Blue and 50 118. per ca. of sodium th iooysnate .  

S y r i n g e s  ware c a l i b r a t e d  t o  d e l i v e r  a p p r o x l a a t r l p  2 ~ 1 .  of  the mixture. tcio 

c o r r e c t i o n  was made i n  dossue  for v a r i a t i o n  i n  weights of t h e  r a b b i t s .  The 

p l a s m  volume *am deternlned on a single 10 minute sample; 30 minu te  eamnles were 

dmra I n  sone cases for comparlmon with the radiosodium space. Hematocrit8 

were determined i n  # i n t r o b e  t u b e s  a e n t r i f u g e d  e t  3,000 rpm f o r  30 minutes.  

The d7c end 

The y a d i o s o d u  S D ~ C ~  was determined as follovss: k known volume ( 2 m l . )  

of e sodium carbonate  s o l u t i o n  c o n t a i n i n g  approximately 20 microcur ies  per 

61. -of Un24 was injeotod lntmv&murly fa80 8 ~8rglnaf win of 8 h  m? ?-*:-- 
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0 ivmed!etely following t h e  i n j e c t i o n  of t h e  m l x t u r e  o f  Evans a l u c  and 

~ ' L C  I-m t h i o c p n e t e .  I n  A prellmlnery e x p e r i v m t ,  s e r i a l  .qb:-cples were 

o b t a i n e d  i n  order t o  de te rmine  the d i s a p a e a r a n c e  c u r v e  of radiosodium. 

Zubsequently, 6 single blooa ample  was d r a m  t o  colnalde r l t h  t h e  e q u l -  

l i b r a t i o n  p o i n t  (1 h o u r )  f o r  radlosodlum. The activity was detem!ned with  

B d i D r l n g  t u b e  and a acallng o i r c u i t .  

a c c u r a c y .  

Counts were made t o  1 per c e n t  

'Fho radiosodium specs waa oalcuiated by the folloving formule: 

Volune of Na2' apace la  co. = -1 cowtei a in .  i n l  ecteQ 
Count. 1 win. i ~ 1 .  plasas  

A l l  v a l u e s  were correoted for deaay. Tho etandard e o l u t i o n  which TBS used 

for i n j e c t i o n  vas e ? p r o p r l a t e l p  d i l u t e d  with d i s t i l l e d  water  t o  ayprorimak 

the c o u n t i n g  rn te  of the  plasma. No c o r r e c t i o n  mas made f o r  ur ln6ry  

e x c r e t i o n  o f  t h e  radiosodium d u r i n g  t h e  pe r iod  of observation since t h e  

amount s x c r e t e d  r8s n e g l i g i b l e .  

318 8lpB sodium end potassium c o n c e n t r a t i o n s  were determined by f16r4e 

, . -  , e , - t r  , - ! - , o t o n e t r j  dn t h P  h c k w n  .dodei -LI i n s t r u n e n t .  T:le f o l i o w i n g  modif!ce- 

tion of t h e  methoti OC Moaher, k y l e ,  Bird ,  J ~ c o b s o n ,  Bstohelor, iseri and 

Yyers (2) whs u s ~ d :  Tk,e s l i t  wid th  wbs se t  a t  C.l m. i n  b o t h  scdium and 

pZ%gs!urn deterrninbtions. ' a i t h  the s tandard  s o l u t i o n  se t  on t h e  tranemlssion 

d i a l  a t  73 and 25 r e s p e c t i v e l y  for   odium bnd potanelurn, the galvanometer 

needle was sot a t  mere by a l t e r i n g  t h e  s e n s i t i v i t y  setting. 

The 8 i X  an&h Mioh Wm to b. 8aUrifla.d for -8UO 

i n j a a t e d  i n t r a v e n o u s l y  w i t h  50 m i c r o c u r i e s  per al., for  4 t o t a l  of 100 aicro- 

curies p e r  animal. h e  hour following i n J e c t i o n ,  t h e e s  an imals  were 

exuanguinstod by severing t h e  SuRular v e i n s  and t h e  c a r o t i d  arteries; t h e  

a n i m l e  d i ed  w i t h i n  f o u r  t o  f ive  minutes.  

was weighed on 8 t o r e i o n  ba lance .  

Approriaately one gram of t issue 

E tch  sw.:le was t h e n  co-pletcly digested 
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v7lume of 2C ml. r l t h  d i s t i l l e d  water. In o r d e r  t o  m a i n t a i n  6 constant D 
gs m e t r j ,  25 ai. gradusted c j i i n d e r s  were used 8s c v n t a l n e r s  f o r  t ? . e  ;i!gest. 

3ecause or’ t n a  nmrked ~ h o t o s e n e i t l v i t 3  of t h e  d i p p i n g  tubes, a l l  

c o u n t i n g  ma6 done i n  8 d a r k  room. The r ad iosod ium Space of t h e  rarlous 

t l s s u e s  and o r g a n a  was calculated by tho foxmule: 

For oent rediosodiun rpaoe = Countr I  mi^./ urn3 of tiaru. 
/ .in./ m1.  p h m  

Xllquots were d r l e d  t o  oonstant w i g h t  in a drying oven e t  110 t o  120 C for 

tieterminstion of the to tak  aont.nt of the t ig susa  and organa. 

EXPERIMENTAL RSSULTS 

Ser ia l  

S f C 3 B  - 
I n  t h o  i n i t h i  cxpcriment ,  6 totG1 o f  7 1  d e t e r m i n a t i o n s  of t h e  

. -  .. > 

3 l t i s x  volune  and t h e  t h i x ; r a n  te s p i c e  were 2e r fo rned  I n  6 r a b b l t s  d u r l n g  

hn sggregute 3 e r 1 a d  of 1326 days. ‘The d e t e r n i n e t i o n a  were made every second 

summsrizod i n  Table I .  

Ylxinfi t i ne  for radiosodlum 

- e r i a l  venoas blood sanglcs  were oStt?i:?cd f r m  eight robbits 

f s l l o w i n g  t h e  f i d a l n i s ? r c t l o n  of  rsdiDsodium. F’iCures I shows g r a p h i c a l l y  

l n  cc/Kg. t h s  mean values for redios3dlura apace e t  each time interval. 

After the first 30 minutes, rpS d i s a p p e a r a n c e  c u r v e  beoaw oxponrntiel. 

On the basla of the  above ?ladings, subsequent calculat iona o f  the mdlum 

sp;;ce were mclde m a s i n g l e  3lood saaple o b t a i n e d  one h o w  fo l lowing  t h e  

injection of !hiz4. 

rough ly  1G per  c e n t  per hour.  

c 

A* 

The r a t e  of r enovo l  of r ed iosx l iun  from the plesna mas 

If t h e  e x p o n e n t i a l  portion of  t he  c a r v e  W Y C , ~  

0 

I 

I 

1 
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c e n t  of the body weight.  

R t h e  f o r  t k l c c m  

I n  previous s t u d i e s  on imunophys lo logp  (3, 4 ) ,  f o r  t e c h n i c a l  rea8on8, 

t h e  t h i o c y a n a t e  apace was c e l c u l a t e d  from t h e  10 minute  sample. (Ipon s e r i a l  

d e t e r m i n a t i o n 8  on any single r a b b i t ,  t h e  results of t h i s  measurement were 

r e p r o d u c i b l e  (Table I) .  However, it was recognized tht  e q u i l i b r a t i o n  bad 

n o t  occur red  a t  t h a t  time. I n  Figure I is shorn t h e  c u r v e  f o r  t h i o c y a n a t e  

s p a c e  cRlcula ted  from t h e  mean v a l u e s  obta ined  a t  v a r i o u s  t ime i n t e r v a l e  in 

two noma1 rsbblts. E q u i l i b r a t i o n  was a t t a i n e d  a t  30 minutes .  The d i s b p -  

peerance  slgpe w9s steeper t h a n  for t h e  radiosgdiurn space ,  so t h a t  t h e  r a t e  

of  remcvsl of  th iocyanate  from t h e  plo. ;ne w t i s  rouchly 20 per c e n t  p e r  hour. 

Z incc ,  i n  t h e  r o u t i n e  d e t e r m i n a t l c n  of t h e  t h i o c y a n a t e  space,  v a l u e s  were 

not e r t r a D o l e t a d  tq zero time, and because of t he  r a p i d  r a t e  of removal  of 

t h e  ion f r o 7  t h e  clrcglation, 30 rnln.Jte san? les  were drown t o  compare a l t h  

rbbblts, was found t o  bo 42.3 cc./icg. 'Tabie I). 

*&ere rnede on P t o t a l  of  23 a n i n e l s  (Tlibla 111). In 27 of t t rese ,  t h e  

Teasurenents  weye m d c  w i t h i n  an internal o f  2 t o  14 days.  

Repeat d e t e r m i n i t i o n s  

I n  one animal,  

the i n t e r n a l  betwen t h e  two d e t e r m i a a t i o n s  m a  50 dayo. The meaa d i f f e r e n o r  

between such d u p l i c a t e  d e t e r m i n a t i o n s  was 4.14 cc./lig. There UORB no 

correlation b s t r e e n  t h e  Interval  between the determinrtiona and t he  magnitude 

o f  t h e  difference. 

Eenc tqcrl t 

The near! h c n z t o c r i t ,  br.sed CR a to:al cf 65 d e t e n a i n e t i o n s  on 3s 

animals, was 38.8 volumee p e r  c e n t .  
=-. 2s. *+, . 

Tho mean d l f f r r e n c e  between d u p l i c a t e  
- 

I 
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d e t e r n j n a t l o n s ,  based on 26 such palrR,  was 4.46 volumes per cent .  There 

: -€ - red  t o  be 4 r o u g h  corre;et!rn between t h e  d e c r c s s o  i n  t ‘ r e  :ecDnd l-.erne- 

t c c r i t  R B  compared w i t h  the  init:hl mehsurement an2 t t ,e  t i m e  i n t e rve i l  

between the two refidlngs,  the cecrease i n  the secl)nd hemtocr i t  b t i n g  greeter, 

the s h o r t e r  t h e  intervcll between t h e  determlmtions.  : I f  t h e  t o t a l  of 26 

I 

d u p l i c a t e  d e t e m i n a t i o n e ,  i n  el: cases e x o r p t  4, the seoond hene toc r i t  was I 
equal t o  or lees than t h e  first.  

e l a p s e d  between the two determinations. 

blood withdrawn for each s tudy ,  a t  least 10 t o  14 days were r e q u i r e d  for 

the heomtocrita t o  return tu t h e  original values. 

I n  these 4 i n s t a n c e s ,  a t  l e a s t  14 days had 

It 8p;’earea t h a t  C i t h  t h e  volume of 

T o t a l  blood V W  

:he mabn t o t a l  bfoW volume, b a s e d  on 65 determinations in 39 a n l w l s ,  

WEB found to be 69.0 cc./!fg. (6.08 p e r  cent of t h e  body weieht! (Table  I;. 

& ; e f t  d e t e r m i n s t i c n e  i n  26 t i n i ! i s l ~  v a r i e d  by a mean of 6.34 cc./Q. 

czrrelation W R Y  noted betweun the i n t e r v a l  between the  d u p l i c a t e  deterntna- 

t i .  fis And the nclgnltuLe of  t h e  <:ffr  :‘>rr:c hetueei, t i > ?  t ; u 3  values.  

A r, 1 oc ~a nc; te s at c e_ 

!lo 

The mean of 68 determinetions of  t?ie t h i o c y c n r t e  s p e c  on o t o t e l  sf 

39 rabbits, based on t h e  ld minute ;ampior was 217.8 cc./i;g i;jble i; .  I Z t  

mean o f  t he  3Q minu te  sernples, btised “ n  a t o t e l  of 50 d e t e r m i n a t i o n s  i n  

22 rabbits, was 237.6 cc./Kg. The mean of the 3 C  minute ssnple, therefore, 

(188 20 C8./&! .  greater than the mean of  the 10 minute rmples. WhLrty 

minute  oamplae revea led  s l i g h t l y  less scatter than the 10 minute samples. 

The upper limit of t h e  valuer for b o t h  the 10 and the 30 mlnuts d e t e r m i n e t l o r n  

res p r f i c t l c a l l y  ident ioa l .  Cuplicate d e t e r m l n e t i o n e  of t h e  30 minu te  r e e d i n g s  
I .  

were aore r e p r o d u c i b l e  t h a n  t h e  10 minute  reedlnes, the  menn d i f f e r e n c e  in 

the former b e i n s  15.03 c c . / r . g .  in2 i n  tne I s t e r ,  5.G6 cc./;g. ?here VBS 30 

0 
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c o r i - e l t i t i o n  between t h e  interval betveen duplicate deterpiMtiOa8 e t  either 10 

or 30 minutes snd t h e  magnitude of t he  d i f f e r e n c e  between t h e  two Cetennlnationa.  

hhdlcsodium S ? ~ C C  

The mean radiosodium space,  based sn the  one hour samples on 68 de te r -  

a :na t lons  in 39 r a b b i t s ,  w e  found t o  be 263 uc./Kg (26.3 per C e n t  of t h e  

body v e l g h t ) .  

8p.m basad on t h e  10 r i n u t e  samples of both,  and 28 cc./Kg. g r e a t e r  than 

t h e  th iocyanate  apace h e e d  on the 30 minute temples. The o a r l a b l l l t y  o f  

t h e  t h r e e  measurements was roughly equal, that  of t h e  30 minute th iooiana te  

apace being t h e  least. 

dotenniMtion8 o f  the radlorodlum space was g r e a t e r  t h a n  thoee for the  th lo-  

cpanste spaces  a t  e i t h e r  10 or 3C minutes. 

Serum sodlum and Dotasslum concent ra t ions  

This  va lue  vas 45 cc./Kg. g r e e t e r  then t h e  m a n  thioayanato 

The mean d i f f e r o n a s  and t h e  mat te r  of dupllarte 

The mean i e m  sodium concent ra t ion ,  based on a t o t 6 1  of 55 Cctermlna- 

t l o n e  in 33 r a b b i t s ,  vas 131.9 mEq./L. 

t i o n ,  bhsed on the  same sera, was 4 .58  mEq./L, 

l e a s  random v b r l a t i o n  t ' bn  serum pc thss lu rn  levels. T h e r e  utls no co r re l a t ion  

between t h e  i n t e r v a l  between d u p l i c a t e  determ!nations of e i the r  serum sodium 

o r  potassium leveis bnd the  magnitude of the  difference. 

Tissue radiosodium S D C ~ C ~ S  

The mean serun! potassium coccentre- 

C e r m  s c d l u m  l e v e l s  skoued 

The results of t h e  ann lyses  of t h e  t i s s u e  radiosodium spbces  i n  six 

n o m 1  r a b b i t s  are euamarized fn Table 111. 

o a r t i l a g e ,  D k h  and kidney contained t h e  l a r g e s t  amount of r a d i o s o d l u  per 

u n i t  weight. S k e l e t a l  muscle conts ined  t h e  l e a s t .  Conuiderable variation 

was noted i n  t h e  radloabdlum spaces  of rome organe r.q. mubeutaneoua eonneo- 

tlve tissue, l lver ,  appendlx and c a r t i l a g e .  

Total mter  aontent  o? orltans and t i s s u e s  

O f  t h e  t i s s u e s  anklyzed, t he  

Total r a t e r  conten ts  of the v a r i o u s  t l s e u e e  and organs a r e  given i n  
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Table I V .  The appendix and t h e  lurig conta ined  the  lhrgest  amount of water 

per u n i t  of wel8ht of t issue and t h e  tendon t h e  l e a - t .  L P S S  v a r i a t i o n  was 

noted i n  t h e  de te rmina t ions  for any t i s s u e  or organ than  bas observed In t h e  

radios-dium spacer. 

DISCUSS ION 

In  t h e  i n l t i a l  experiment (Table  I), I t  was found that when 8 reriei of 

9 t o  13 d e t e m l n s t i o n e  of t h e  plasm volume, hematocri t ,  t o t a l  blood volume 

and t h e  t en  mlnute th iocyanate  spaces were made every ssgond t o  t h i r d  day in 

n o m 1  r a b b i y  t h e  reepec t ivo  Boana and e t anda rd  dav ie t ion r  wore 46 - 5.5 oo./Kg., 

35 - 4.3 volumes per c e n t ,  72 - 8.9 cc.;Kg. and 194 - 21 cc./Kg. 

ob ta ined  In  t h e  eubsequent s t u d i e s  Involv ing  a s i n g l e  and/or m 2 repeated 

de te rmina t ions  on normal r a b b i t s  agreed  f a i r l y  c l o s e l y  w i t h  the previous 

serial determinat ione.  

which he8 been uncover6d i n  t h e  l i t e r a t u r e  (61, t h e  mean of the de te rmina t ions  

of t h e  t o t t i  b13ad volume in 60 r a b b i t s  oes 70 cc./Sg., based on sampler ob- 

t a i n e d  6 a t n u t e s  a ? t e r  i n j e c t i o n  of t h e  Pvena Blue. 

p l a s m  volume '115s sG cc./Kg. 

t o  the  body welght and not  t o  the  surface a rea .  

The va lues  

In the only o t h e r  almi lar  study of aomsl rabbits 

The mean value of the 

The blood volume was fou!,d t o  be p r o F o r t i o m l  

These r e s u l t s  a r e  consonant 

with t h e  f lnd ings  i n  t h e  present  I n v e s t i g a t f o n .  

boen found regardlng t h e  t h i o o r a l w t e  space OF t h e  rate o f  dinppeannao of tho 

ion from t h e  blood stream in reb9isp. 

No comparable d a t e  h a w 0  

. _ c  

The results of t h e  present 8tuQ i n d i 8 a t e  that  regard less  of whether 

the th loeyanete  de te rmina t ions  based on t h e  10 or 30 mlnute samples or  t h e  

rsdlooodium rpwo baaed on t h e  one hour sample are employed at3 an index of 

t h e  e x t r a c e l l u l a r  fluid volulle, o o n a l s t e n t l y  reproducible  r e s u l t s  uan be 

ob ta ined ,  a t  l emt  i n  normal r a b b i t s .  There i r  v a l i d  argument againrt t h e  

u s e  of the 10 rlnute madlng ,  eince e q u i l i b r a t i o n  had not ocaurred s t  that  

0 

- -* ' .  -til?m?*-Herscsc, - T- * -4d&rkk;.*. L.3***, * .  + >  

m .:&#.-LqblkF,-. e ?  ' m  
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time. However, f o r  tecknlca l  re8sons ,  t h i s  h e s  ; roved t o  be t he  most 

p r a c t i c a l  method when Ter la l  de t e rmlna t lons  a r e  =de on a s i n g l e  6nlrnal. 

Ac tua l ly ,  t h e  :O minute th locyanate  de t e rmina t ions  revealed less  r o a t t e r  

t h a n  o l t h e r  t h e  10 minute thlOCyaMte d e t e r r i n a t l o n r  o r  t he  radiosodium 

de to rmine t ion r .  The exaot s l g n l f  loancia of t h e  thiOUJaMt0 rpaee, homorer, 

remains I n  doubt.  Deterulnat ione of t h e  th locyana t s  spa00 I n  vatiour t l r r u e r  

and orgene and their comparlron wi th  t h e  sodium space might o l a r l f y  t h i r  

problem. 

a t  e q u i l l b r e t l o n  a o n r l r t o n t l y  mmarures a opaoe roughly 10 p e r  cont  1.88 

t han  t h e  spece  measured b j  radlosodlum. 

The preorn t  data  l n d l o s t e  that in normal r n b b l t s  t he  th lou jana te  

I .  

The mean uedlosodlua epace of 26.3 per uent of the  body 801- foum 

ion 

-1 

in t he  p r e s e n t  study agrees w l t h  the v a l u e s  obtained by previour lnveot lg6tora  

w l t h  a malle? number of r a b b i t s  ( 7 ,  8 ,  9). Manery end Bale ( 9 )  compared t h e  

r s d l o s o d l u a  con ten t  of r abb i t  t i s s u e s  with t h e i r  content  of chemically de t e r -  
0 

mined 80dit.m and f0ur.d t h a t  t h e  s p e c i f i c  a c t i v i t y  of e l l  tlseuer except  the 

nerveus t i s s u e  was conatant.  They concluded t h t  .with the  except ion of 

t h e  nervous t l s s u e ,  in 1 hour 8 mlnutes ,  l n j e c t e d  rad ioac t ive  sodium becomes 

d i s t r l b u t e d  between t i s s u e s  and plasma I n  p r e c i s e l y  the  same r e t i o  a8 normally 

o c c u r r t n g  sodlum." Uost of t he  t i s s u e  sodium va lues  reported by Yanery and 

HastlEgo (n) wre higher than thoee  o b t s l n o d  %a the prasont rtudy. 

! 

%a 1 

p o r s l b l a  explaastlon f o r  t h l r  diruropanoy m y  bo thq dlfforoaoo in the  mothods 

employed in s a c r i f i c i n g  the animals .  C e c a p i t a t i o n  of a n l r e l s  doer n o t  result  

ln as thorough e n s n g u l n a t l o n  as severing t h e  noel  veredr. 

disarepanaf In t h e  values f o r  a a r t l l e g e  1s d l f f i e u l t  t o  explain. 1 I 
1 

The twoLfeld 

The t o t a l  mtar uonaent of t i e a u e e  obta ined  I n  the prrrent 8 t u d l  are 

+ ausaorarlted in colume V of Table V. 

ob ta ined  by Uanery and Hastlngs (11)  and by Skel ton  (12). Less jdlaerspancy 

These raluee egree w11 wlth tbosa a 
1 *- w . m  -*... J *-.r*-- Y*?.$i?jk;l . - .* - p a &  y . - .  ,%'. - '_ns -. - .  

* &- .&&+$&.:-< 

I A 
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".?+ t.-+.: - -*alculsted from the plasma volume and the 

hematoari t .  w S  e , ., 

appaamd tz h 2.yI..t'i 

tor (6 )  h i  -:- 

- l a  value waa conetant i n  n o m 1  rabbits and \. 
. *-rU U the  bodj weight. A prerrioue invest igs-  

3-\\-. . -e the identical value, ao that I t s  r s l l s b l l i t y  
cannot be WsQ,- \ 

samI;,?lr 3 we -\c ... 'sr. 

or the  2' .. = t  'c: *naam variations in the value0 ?or the thlocfanste 

* ,w 
*- aquivalent. Tlssue sodium spaces are probably 
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s;t.cec, hn: ? e  s rur c - n c e n t r s t i o n s  of  S O T : . P  a n d  rotcqcsiurn. 

2eterxi:nntions were 6lso n t d e  a t  v a r i o u s  t i n e  i n t e r v a l e  i n  a larper group  

o f  r a b b i t s  i n  order t o  determine t k e  degree of random v a r i a t i o n  In any 

s i n g l e  a n i n e l .  

t h e  v a l u e s .  

were also done. 

2 e p e e t  

Serial  de terminat ions  were made to check t h e  constancy of 

Tissue ano lyees  for total r a t e r  content end radiosodium space 
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Effect of Starvation on Exchangeable Potassium and Tissue ICu Content 
I \  in Rabbits.*t (19127) .. 

JWRY K. AIKAWA.: (Introhed by G. T. Hamll.) 
* From the Department of Internal Medicine, Bowman Gray Schod of Kedianc of Wake For& 

C o k g c ,  Winston-Solcm, N. c. 

I n  the course of a clinical survey of indi- 
viduals with various diseased states? low 
values for exchangeable potassium, as meas- 
ured by the radioactive isotopic technic. were 
encount&( 1). I n  general, .these low values 
appeared to be due to: ( 1  ) a decrease in body 
m a s  secondary to increased catabolism pro- 
duced by the disease process: ( 2 )  a dimin- 
ished intake oi i wd from anorexia induced by 
the illness: ( 3 )  an intracellular deficiency oi 
this cation from some inherent metabolic ab- 
normality: or to a combination of these fac- 
tors. The role oi human disease and oi 
metdbolic abnormalities would be best studied 
in patients who present such problems. The 
effect on potassium metabolism oi a decrease 
in food intake in the absence of disease can be 

*This study  as supported In part by the U. S. 
Atomic EwtDy Cotrunkbn under a contract wich 
the Bowman C a y  School of Medicine, and in part 
by a grant-in-aid irom the American Heart .kocia- 
tion. The KU mcd m- by the National 
Laboratory, Uak Ridge, Tenn., on allocation from 
the U. S. Atomic Energy Commission. 

+The tecbnid aJsistance of Miss Eloise L. Rboadu 
and l#r. Chuh'Taylor is gratefully ackwd#lgod. 

Research Fellow of the American Heart Assn. 
1. Ailtawa, J.  K., Felts, J. H, Tyor, M. P, usd 

approached experimentally. *i Since such a 

study was not feasible on human beinns in our 
laboratory, rabbits were starved and the 
changes produced were followed serially. 

The  purpose of the present study is to de- 
termine the effect of starvation for a short 
period of time on the total potassium content 
of the body. as well as its concentration in 
various tissues. Because of the greater cor- 
reldtion of weight and urinary creatin,ne with 
exchangeable potasslum content in human 
rnnlei. as compared with females, the following 
experiments were performed in male animals 
(2.3).  

Material. Sineteen normal male adult rab- 
bits of mixed breeds were used. Tbey were 
placed in individual metabolism cages and 
were fed a stock diet of compressed pellets. 
Tap water was given without restrktim. 

Methods. Experimental pro&&. The ex- 
periment was planned to study the alterations 
in potassium metabolism which would Be pro- 
duced by a reduction in body weight of ap- 

, 2 .  Coma, L., Olney, J- M., Stemburg, R. W., 
m, M. R., and Moore, F. D., 1. Clin. Invest . ,  1950, 

3. Aika~8, J. K., HaneU, G. T., and Eisenberg, 
v29, 1280. 

Harrell, G.  T., submitted for publication. B., J .  U in .  InvcJt., in press. 
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EXCHANCWLS Porraolux IN SIAEVATION 

proximately 15%. A loss in weight of this 
extent is not uncommonly encountered clin- 
ically and would be comparable to a decrease 
of 12 .5  kg ( 2 2 . 5  Ib) in a 70 kg ( 1 5 0  Ib) man. 
Because of the technical difficulties involved 
in the use of an isotope with such a short half- 
life (12.4 hours), an interval of one week was 
found to be convenient between isotopic deter- 
minations. Group A consisted of 7 animals 
which were cherved for a control period of 
one week before starvation and subsequently 
during the deprivation of food. External 
potassium balance studies were conducted for 
the baseline period and the fint <ek of star- 
vation. At  the conclusion of this period the 
animals were still in good condition, 90 that 
the observations with radiopotassium were 
continued for an additional week, but balance 
s t u d h  were not done. Each morning before 
feeding, the body weight, total food consump- 
tion and the daily urine volume were recorded. 
Creatinine determinations were performed in 
the morning on an aliquot of 24 hour daily 
sample. Baseline exchangeable potassium de- 
terminations were completed in the morning 
just before food was withdrawn. This deter- 
mination was repeated after 1 and 2 weeks of 
starvation. Six rabbits (Group B )  were fed 
for a period of one week to establish equilib- 
rium on the diet. Food was then withdrawn 
cornpletel). though water was allowed ad 
libitum. After one week the animals were 
sacrificed by essanguination and analyses for 
radiopotassium and total water content were 
performed on l i  different tissues. Another 
group oi 6 animals (Group C )  served as a 
control for Group B. These rabbits were con- 
tinued on iood and water ad libitum but 
otherwise were treated identically with Group 
B. 

Radioisotope methods. The preparation of 
the potassium solution for injection has been 
previously described( 2 ) .  -4 calibrated volume 
of 5 ml of the Km solution containing 30 ps 
of K4* in 0.5 milliequivalent was injected in- 
travenously. The urine was collected for 24 
hours; a spot specimen was then obtained by 
catheterization and its specific activity was 
determined. The following formula was used 
to calculate the value for the exchangeable 

potassium content of the body: 
I\:, 42 - K"42 

K r  _= 

Ku42 

Ku39 
-- 

K, = quantity of exchangeable K in milli- 
equivalents. 
K," = quantity of radiopotassium admin- 

istered (arbitrary units). 
= quantity of radiopotassium ex- 

creted in urine until spot specimen was ob- 
tained. 

Kuu/Kulo = specific activity of spot 
spedmen. 

Tissue analyses. Three aliquds (1 to 3 g) 
of each tissue were obtained. They were kept 
in covered Petri dishclp ami were weig4e!d as 
rapidly as possible on a Gramatic balance to 
0.1 mg. 'Iko portions were digested in con- 
centrated sulfuric acid for determinatioa of 
radiopotossium concentration. The digest was 
made up to a volume of ,% d 7m counted 
with a dipping tube and a stating circuit. The 
tissue concentration of radiopotassium was 
expressed as per cent of the injected dose per 
g of wet tissue. Tissue water content was de- 
termined on the third aliquot, which was dried 
to constant weight at 110°C for 18-24 hours. 
The potassium concentration in the urine was 
determined by flame spectrophotometry by a 
method which has been previously described 
( 4 ) .  L-rinary ircutinine concentration was de- 
termined by a modification of the method of 
Bonsnes and Taussky ( 5 ) .  Exte7n.d balance 
o,f potclssizrni. Each g of feed w z  found ta  
contain 0.159 meq. of potassium. The tap 
water contained a negligible amount. The 
potassium content of the ingested feed was 
found to be completely absorbed through the 
gastrointestinal tract. The content of potas- 
sium in the stool was too low to be detected 
by flame photometry. The 1095 of potassium 
from the body was, therefore, calculated on 
%&g&*,Mpy d o n .  .Statuticui 

sgni a c e  of the difference be- 
tween the means was derived by the use of the 
"t" test(6). 

I _  

~ 

4. .4ikaa-a, J. E., Am. J .  Physiol., 1950, v162, 695. 
5 .  Bonsnes, R. W., and Taussky, H. H., J.  Bioi. 

Ckem., 1945, v158, 581. 



EXCHANGEABLE POTASSIUM IN STARVATION 

Results. The 7 animals followed by exter- 
nal balance and K. determinations (Group 
.A) were in potassium balance and gained 
weight during the baseline period (Table I ,  
Fig. 1 ) .  During the period of starvation a 
progressive loss of body weight occurred. The 
mean weight loss for the group after the first 
week was 0.35 kg (15.6% of the mean initial 
weigbt) (Table I, Fig. 1); this amount, how- 
ever, was not statistically significant. After 
2 weeks, the mean decrease in weight 
amounted to 0.71 kg, which is significant. At 
the end of the first week the mean negative 
potassium balance amounted to 23 qgq. The 
mean K. decreased 41 mq. during the first 
week and an additional 34 meq. during the 
second week of starvation. By the end of the 
sacond week of starvation, a significant reduc- 
tion in K,/wt had oqcumd. 

Although the mean creatinine excretion de- 
creased 146 mg during the first week and 124 
mg during the second week, as compared witb 

the decreases in the creatinine coefficient. were 
not significant. The urine volume increased 
the first week of starvation. 

Discussion. The present results emphasize 
the importance of the concept that the body 
potassium is in dynamic equilibrium. and that 
the changes in the rate of exchange may be the 
first indication of a disturbance in its metab- 
olism. Such an abnormality may occur be- 
fore any alteration in concentration of potas- 
sium in blood or tissue is detectable. 

During starvation. as tissue is catabolized, 
the weight decreases progressivel? and the 
total body content of exchangeable potassium 
decreases. The continued loss of potassium 
in the urine during starvation contirms the 
endogenous source of this cation. With tissue 
catabolism. the K, to weight ratio decreases 
at a relatively constant rate, a t  least for the 
fitst'two weeks of starvation. 

The exchangeable potassium loss after a 
week of starvation exceeds by 18 meq. the 
potassium loss as measured by the external 
urinary balance method. .kcording to the 
method of calculation of K,, the more in- 

6. Snedecor, G. W., Statistical Methods,  Iowa State 
College Pres, 1946. 

the baseliae V a l l q  these changes, as well 9s 

I I 
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ESCHASGFABLE POTASSI~Y IS STARVATION 

FIG.  1. The effect of starvation on potassium md 
creatinine metabolism in normal male rabbits. 

complete the exchange of radioactive atoms 
with the n o d  intracellular untagged po- 
tassium ions, the smaller would be the calcu- 
lated exchangeable potassium content. I n  
normal rabbits appmimately 9w0 of the 
body p o t a d h  would have exchanged in 24 
hours(?).  I t  appears that with starvation 
and the consequent reduction in metabolic 
rate, which is known to set in quickly during 
fasting, the rate of turnover of intracellular 
potassium is decreased. or the relative amount 
of '.bound ' potaAum is increased. 

Comparison of the values in the normal 
anim,il- (Group  C) And the rabbits starved 
for one week (Group B i  revealed no qinnih- 
cant difierence in the concentrations of tissue 
water or tissue radiopotassium for the follow- 
ine tiqsuei &n.  subcutaneous connective 
tissue, abdominal muscle, gastrocnemius mu:- 
cle. quadriceps muscle, diaphragm. tendon, 
cartilage. heart ventricle, heart auricle, lung. 
liver, spleen, stomach, appendix. adrenal and 
kidney. The mean weight loss of the starved 
animals after one week oi starvation was 0.43 
kg (13.8% of the initial mean body weigbt). 
Since the tissue analyses show no significant 
differem, it is possible,.tberefore, to account 
for the total decreaSC & M y  potassium on 
the basis of tissue breakdown without postu- 
lating an intracellular deficiency in the re- 
maining tissues. 

The creatinine coefficient serves as i n  index 
Although the de- 

> .  

of relative musde mass. 

crease in this ratio observed with starvation 
may imply 1 )  a decrease in the rate of 
metabolism oi m u &  tissue: 2 )  a decrease in 
the total muscle m b s .  or both, the differences 
a t  one and 2 weeks were not significant when 
compared with the baseline value. iVith 
diminished iotake of food, a relatively greater 
wtilization of tissue fat and carbohydrate in 
preference to protein would be expected initi- 
ally. The  utilization of fat was evident gross- 
ly  at the time the samples for analyses were 
obtained; the amount of perirenal fat in the 
starved animals, for instance, was consider- 
ably less than in the @ rabbits, though 
tbe muscles appeared similar. 

Since no significant change in radiopotas- 
sium concentration w89 found in any specific 
tissue or organ in starved animals, the de- 
crease in rate probably was generalized over 
the body. Tbe possibility that such an alter- 
ation migbt be limited to the skeletal or nerv- 
ous system must be cotlsidcted, since these 
two tissuer were wt included in the present 
analyses. The radioactive potassium method. 
therefore, appears to be a more sensitive index 
of the functional defect produced by -starva- 
tion than the external balance method. 

The  possibility that the loss of potassium 
in the feces during starvation was increased 
over the normal amount must also be con- 
sidered. In such an event. the u-imry bal- 
ance study alone would underestimate the 
total loss. However. since. durinz the pre- 
starvation period, there was  no loss in the 
stool. i t  would be hizhly unlikely that the dis- 
crepancy ot Is meq between the esternal 
urinary balance and the Ke could be explained 
on this basis alone. 

These studies complement our dinical ob- 
servations and lend support to the hypothesis 
that whenever catabolic processes exceed the 
anabolic, the loss &&iy W u m ,  weight, 
and muscle tissue parallel each other (1  ) . 

Summary. 1. Male rabbi@ were starved in 
order to study the e i h t  of a decrease in food 
intake on potassium metabolism. 2. Serial 
determinations of the exchangeable potassium 
content amd urinary potassium and creatinine 
excretion were made in one group of animals. 
The  me- Bccrease in exchangeable potassium 
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content was 29.8 and 54.6% of the baseline 
value after one and two weeks respectively. 
The corresponding mean decrease was 15.6 
and 3 l . iF  in body weight. So significant 
changes in urinary creatinine excretion oc- 
curred. 3. In  a separate group of rabbits. 
tissue analyses for radiopotassium and water 
concentration after one week of starvation 
revealed no significant changes when com- 
pared with control animals, continued on a 

potassium content, as measured by the ex- 
change of isotopic potassium, as well as the 
loss in the urine during starvation could be 
accounted for on the b z i s  of tissue wtabolism 
without postulating an intracellular deficiency 
of this cation in the remaining tissues. .\ 
functional abnormality in potassium metabo- 
lism may be detectable by the radioisotope 
method prior to its manifestation by the 
external balance method. 

constant diet. 4. The decr& in total body 
Received September 27, 1951. P.S.E.B.M., 1951, v78 
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The development of edema during the course of begim. Thc alteratiaw in distribution of fluid ap 
acute infectious diseases haa been Obsvvedin pa- par to prtdiopoic to paiphcral circulatory -mi- 
tients for many years. The retention of wakr and lapse. In such crises the blood chlorides, b l d  
salt during the course of untreated pneumococcal ~ o l u m ~  and urtn-vascukr thiocyanate rpot ue 
pneumonia was described early in the century (1). trm8kdy but retuni to nard ir- 
Thc loss of chlorides from the blood and thar  sub oop(ry (4). ~~~~ m e  p 0 d C n t - w  
sequent excretion in the urine during rccovery been hrperimmUae rabbit anti6crum for 
was shown to be associated with retention by the Rodcy hhntain Spotted ftva showed that d- 
body of sodium and caldum while potassiwn and tentions in the Mood *dUme aad thiocgtnote 
mqpsium were excreted normally or in excess. mw ~~ dUr&rg dadli'rchdft'v 

After antipneumococcal horse serum became ness following recovery from the initial disease, 
available for treatment of pneumonia, sawn sick- m e d ~ l e d  strikingly those seen in the Same p;r- 
ness developed frequently in patients during con- tient during the acute phase of the rickettsial in- 
valescence. The clinical picture of serum disease fection. These ~bservatkms suggcstod the  OS- 
with edema and fever was shown to be accom- sibility that an immune reaction may be directly 
panied by the retention of chlorides and water in or indirectly responsible for the changes in the 
the body (2) .  Further investigation of serum Permeability of membranes which permit altera- 
disease in human beings revealed that the clinical tions in fluid distribution in rickettsial spotted 
symptoms are associated with the appearance in fever. 
the blood of precipitins against the species of ani- The present experiments were undertaken to 
mal in which the therapeutic serum was prepared determine if changes in the blood volume and thio- 
(3). The appearance of precipitins precedes re- cyanate Space occur in an antigen-antibody rcac- 
covery from the disease by a short interval and is tion induced &tho%: infection and to rehte the 
coincident with disappearance of the antigen. physiologic alterations to the development of im- 
These studies indicated that antigen-antibody n- munity. The anatomic Changes Omwrhg with 
actions were of clinical significance in the produc- serum sickness have been well studied, but the 
tion of disease in human beings, and that the physiologic alterations induced by the disease are 
mahllzLism wm ia sane way related to tbt d nrjr ZKlajY 46). A ~ c d h g I ~ ,  nb- 
experimental anaphylaxis in animals. bits were injected with human plasma and the 

of stub on patients with cbangcs in distribuhi,d_ body fluids were fol- 
Rocky Mountain spotted fever, it was observed lowed d y .  
that alterations in the distribution of body fluids 

reached a maximum just before clinical ,recovery ,..&bits -d brebb, '- to 

l T h i r r t u d ~ - r u p p o f i c d ( h g u t ) b ~ r r = t s  
fran the John and Mary R. Markle Foundatios the Na- 
t i d  Heart Institute of the National Institutes of Health, 
Public Health Service, and the Atomic Energy b- 
mission. 

D w q  h 

with the development of marked clinical edema MATERIAL 

Idlogr?nu a4 were placed m individa;rl ager and fd 
a rtaL diet rupplaneated ~ l t e  weekly by frtsh ~ r a a  
vegetables. Water was given without restrictiw. 

as the sensitizing aritigm 4 ?I lrrtigen for the p d p i t i n  
tests in each individual expviwnt 

The same umplc of poold hrrprrr 

360 
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METHODS 

Chtrrtual techniques: The plasma volnmr was deter- 
mined by the T-1824 (Evans Blue) dye method. Syringes 
holding 2 ml. were calibrated to deliver 0.5 ml. of a solu- 
tion coataining 3 mg. of the dye per milliliter. Th 
trhiocyomte s#ace was determined simultaneously. Syr- 
inga holding 10 ml. were calibrated, and 2.0 ml. of 8 
solution containing 50 mg. of sodium thiocyvute per 
milliliter were injected. 

Tbe ccmccntr8tions of the dye in nbbit Knrm were 
determined by the Evelyn photoelectric microcolorixncter 
and the thiocyanate canaatrations with the Evelyn photo- 
ckctric rmuroodorimacr (6 ) .  Hematom't rpdiryr 
were made on oxalated blood placed in Wintrobe tubes, 
centrift& at 3,000 revolutions per minute for 30 

The tohl  blood volumr wu alculpted from the p h r m  
volmne rad the brrmtoait 

Imuimwbgk t8chdque~: The h u m 4  mtknly dca 
was followed by ring precipitin trstr. Thc human plasm0 
waa diluted 1 : 100 in water and used as antigen to over- 
lay rabbit serum scrially diluted in 2x20 mm. tuba to a 
muimomdl:32 I n t b e & f i n i t i v e a ~ l n m u m  
plasma was diluted in physiologic saline, but the nbbit 
serum was undiluted. In the preliminary experiments di- 
lution of human plasma (antigen) as high u 1 : 100,OOO 
gave positive tests with undiluted rabbit serum (antibody) 
w definite w tho* obtained with 1: 100 dilution of anti- 
gen and 1 : 32 dilution of a n t i i y .  

The dye was diluted as much as 1 : 50,OOO for precipi- 
tin tests in group 1 ;  no precipitins were encountered, so 
the test was not performed in later groups. 

Skin tests to the dye were never positive in group 1 :  
so they were not performed in later groups. N o  skin 
tests were done with plasma in any group. 

Exprrimrnid procedure: In the morning M o r e  feed& 
the animals were weighed and strapped on their backs to 
wooden boards. In groups 1 and 2 blood was withdrawn 
without anesthesia in an oiled syringe by cardiac puncture. 

Comparison of data indicated that reliable results could 
be obtained without deaths from hemopericardium by 
nicking an ear vein with a knife and collecting the blood 
in dry test tubes. Accordingly in group 3, 2 ml. were 
collected and allowed to clot; 1 ml. was then collected 

late and 4 mg. of potassium oxalate. The dye was in- 
jectcd into a vein in the opposite car, the syringe changed, 
rrid'cht'rodiram -te injected throcyh ~IIC LU# 
needle within one minute. Ten minutes following com- 
pletion of the injection, 2 ml. of blood were collected from 
the first car. 

PrelEmhry ct.pcrimmtr: No data were available 011 
the reliability of the technical methods in arnall animals, 
oa the effect of repeated bleediryr at abmt inttr*.k, 
or on the normal values for plasma volume and thio- 
cyanate space in rabbits. It was not known whether rab- 
bib might become sensitized after repeated injrrtLru of 
the dye and hence develop a picture analogous to serum 
rickncaa. 

braotha t& m-6 m. of d l t m  a~.- 

Accordingly, six animals (group 1) were uscd as a con- 
trol group on the technical procedures. Determinations 
of the blood volume, thiocyanate space and prkpitin 
titers, as well as a skin test, were done simultaneously 
every second or third day. The animals received no 
plasma. They were kept under o&crvatioa fa a mini- 
mum of 30 and 8 maximum of 46 days. A minimum of 
&IC .nd 8 maximum of 16 determinations were dom on 
eachindividdadld. 

A recard aperimcnt waa patormed in o h  to mtdy 
the variability of the phyidgic ctmngu in individopl 
animals ill with rerum sickness. It waa dao ~cut.fy 
b dctcrmim the optim\mr route of mauithtkq tbt re- 
quired dorc ef plppln d the time relatiomkip d m 
ObSaTed dtmtlai, to the dmlopmeot d hornoral 
immunie. 

Plasma- T h t w o ~ l r p a c t r a t c d m t & a n r ~ -  
Accordingly, I t  lnimrlr (group 2) w e n  h j d  with 

ion except for the a a d i z i n g  hjeabar of p l a a n  After 
a M i n e  for the W d d  mbpd ba atabW4, 
the rrbbltr in group 2 rmioed injections d plasma rang- 
ing from 22 to 5 . O d  pa kilogram of body w+ht Eight 
naimalr received the msitkhg dose intravenously and 

region. Three of the former lnimafs rmirrd a sec- 
ond injection intmvmously on the day following the 
initial injection. 

During the clinical peak of the disase, daamin?ticms 
of the blood volume and thiccyanate spacc w a e  done on 
two successive days. An - inimals in group 2 w c ~ r  fol- 
lowed at least 24 days following the injection d plasma, 
unless accidental death from hemopericardium supervened. 
A minimum of seven determinations were daot on each 
animal in group 2 after the baseline wil~ established. 

In order to interpret the data critically a satisfactory 
statistical method of analysis had to be ckviud It was 
necessary to determine whether groups could k com- 
pared or whether each individual animal must serve as 
its own control. The data from groups 1 and 2 were 
analyzed by several techniques and the resu!ts obtained 
were submitted to an impartial arbiter for &tiam.* 
A ~~tisfactory statistical method was devised and the 
dctinithn nperimcnt dcaimed toknprorr tbe atatisdd 
signifiancc of the data obtained m the p r d w  a- 
pcriments. 

( g r a ~ ~  3) of 
more uniform size, weighing approximately 2 lrilagnms 
uch, were injected with buman plasm& The cbanical 
. a d ~ ~ a n d a d p r o c t d w c  
as described above were fdloned At larf tw W i n e  
determinations were m?de every KcoDd day QI & ani- 
aul. After the Kcmd detrrminatim, a c h 8 l k m l w a s  
injeacd intravamdy rith a b g k  d#t d 3 mL of 
pl.gn0 pu kilogram of weight Precipitin tests were 
Pafomed daily on each rabbit, but no furtha B d  vd- 

dnre wtfe fsiectcd lllbcubncoruly in the intmcapular. 

Delbrioirv rr)rriml: T d r r  

* W e  are deeply indebted to the Institute of Statistics 
of tbc University of North Carolina, Weigh, N. C, for 
critical review of the data and for suggesting the method 
subsequently used. 

. ,  , . I : :  . ',.'"b - * 
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ume determinations were done until the day that a posi- 
tive precipitin reaction was first obtained. The measure- 
ments were repeated on that day, on two consecutive days 
thereafter, and at varying intervals subsequently until 
the chemical values had returned approximately to the 
baseline. 

Starirtical d y s i r :  The total b i d  volume, plasma 
volume, heamtacrit and thiocyanate space were recorded 
in absolute values. The m a n  of two successive W i n e  
determinations a each animal was compared with the 
mean of the two successive determinations made 00 the 
day the precipitins became positive rad 00 tbc fdlowing 
day. The mean differences between the boxline values 
and those obtained after the precipitin test beame pod- 
tive were calculated. The signifiaaec of tbc mgn dif- 
ference was tested by the foIlowiog formulae m which 
6=mean difference, q=standard error of the mean 
difference, S = summation of, n = number of animals : 

t = -  a sa Q '  J?. 
The calculated value for t was compared with the value 
a t  n-1 degrees of frrcdan as obhi#d from standard 
*a. 

The data as obtained in absolute values were then 4- 
culated in t m s  of milliliters per kilogram of body weight 
on the day the measuranent was made. The statistical 
significance was determined by the same formulae. 

In view of the fact that the experiment WPI plumed to 
evaluate changes in a febrile illness occurring in a grow- 
ing animal the difference in the amount of food and wa- 
ter ingested by the animals unavoidably introduced vari- 
ables which were difficult to control. Accordingly, the 

data were re-ulculatd in terms of milliliters per kilo- 
gram of initial body weight (the day of the first base- 
line determination) in order to avoid consideration of 
differences in food and water intake and in order to 
permit ready comparison with the data in group 1. The 
statistical significance was then determined by the same 
method. 

I t  should be noted that in the definitive experiment no 
attempt was made statistically to canpve rtK apcri- 
mental group as a whole with the control group. Each 
animal served as its own control. 

RESULTS 

Control on mrtkods: Noae of the animals in 
group 1 showed any symptoms or signs suggesting 
serum sickness. No reaction was noted in any 
rabbit to the repeated intravenous injection of dye 
and no evidence of sensitization &s detected by 
rkin or precipitin tests. The fatal dow d T - W  
dye was found to be 3 mg. per kilogram of body 
weight g i ~ e n  intravenously ; death occurred within 
15 minutes. 

Moderate variations in plasma volume, thiocya- 
nate space and total blood volume per kilogram of 
body weight and in the hematocrit were noted 
among the different animals. In serial determina- 
tions on a single rabbit, however, the mfts were 
much more uniform. When the data obtained near 
the end of the experiment were examined, a slight 
decrease in the thiocyanate space in relation to 

FIG. 1. FLUID SPACES IN A CONTROL RABBIT (GROUP 1) NOT INJF.€'rED WITB PLASXA 

All of the serial detamiuations are plotted in this graph; only fom d u e s  which fall ari& 
the indicated duration of the definitive experiment are used in the calculations in Tables I a d  11. 

. I  , . 
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Bo+Une 

Rabbit 
number 

~~~~d~ 

31.3 
2.53 210.3 51.3 30.0 
3.21 111.5 43.0 33.3 

35.8 

1 
2 
3 
4 
5 
6 36.3 

OrOuP 

I 3.05 2.68 

sa 0.14 4.69 1.47 1.08 

J lunY I. AIKAWA AND CLOpCt t. EA- 

Time of upaed mpaw 

w w  T h i o w ~ a t e  Phma 

Kilo. JJJKik. d. /K&.  d./KJO. Vd.% 
2.39 216.1 49.4 75.5 34.5 
3.04 197.0 55.8 87.2 35.7 
2.78 193.8 49.8 12.8 31.5 
3.24 162.5 40.0 62.1 35.5 
2.93 198.1 47.9 13.3 34.5 
2.92 162.2 45.0 62.7 280 

2.08 1118.3 48.0 12.3 . 33.3 

0.29 21.50 5.27 9.27 2,.99 

0.12 8.80 1.02 3.711 1.22 

'OUl 
gc vdmlat :Hmuto=tt 

TABLE I 

Control of technicul methods (group I )  

weight was observed : this findihk would be ex- 
pected as the animals increased in size from nor- 
mal growth. Figure 1 illustrates the serial values 
in a representative control rabbit. 

tions is recorded in Table 1 and compared with the 
mean for two consecutive 

mination, the time interval at which a positive pre- 
cipitin test would be expected were the animals 
injected with plasma. The statistical analysis is 
summarized in Table I1 and indicates that, in ab- 
solute values or in milliliters per kilogram of body 
weight on the day of the determination, no signifi- 
cant difference was found. This statement is true 
for plasma volume, thiocyanate space, total blood 
volume, hematocrit, and weight. 

a series of 45 animals in conjunction with other 
studies on normal values in rabbits (7). 

Gene~al obscrvorioru: clinical serum sickness, 
manifested by erythema, edema, or both at the 
base of the ears, generalized subcutaneous edema 
and hyperirritability developed in 10 of the 11 
animals in group 2, and in 11 of the 12 animals 

domen, but was not evident unless the fur had been 
clipped ; the skin appeared pale and felt soggy, hot, 
and moist. Fever (rectal temperature Over 40 C.) 
was not a constant feature of clinical serum sick- 

The mean of two consecutive baseline detcrmina- ness. n e  clinical of Serum bore 
no relation to the size of the sensitizing dose. 31~1- 

determinations done be- tiple injections produced no Severe reactions 

oi ser,si:iza:ion was as effective as the intravenous 
route, but variations in absorption could not be de- 
tected or controlled. 

tween six and eight after the second deter- than did single injections. The subcutaneous route 

TABLE 11 

s.lislical significnncc bf coni,ols on mctws ,) 

These data have subsequently been extended in 

3.67 
1.75 

in group 3. clinical signs usually began os1 the 
fifth or sixth day following the initial injection of 
plasma and u s d l y  lasted two or three days. The 
edema was most striking in the skin over the ab- 

No signifcant difkrrna is noted between the baseline 
values and those obtained at the time of the ex& 
rrsponse. ne data aR calcuhttd in absalue values and 
in terms of weight on the day of the determination. The 
value of t was not m s i d d  signi6cant if P was greater 
than ,ol. 

, 1 .-. '.' 

. .  
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Preliminary experiments: The alterations in 
plasma volume, thiocyanate space, total blood vol- 
ume, and hematocrit which were observed in a 
representative rabbit sensitized with human plasma 
are illustrated in Figure 2. The changes in Auid 
distribution bore no direct relationship to the sen- 
sitizing dose of plasma, but paralleled the clinical 
severity of the disease. 

In 10 of the 11 animals in group 2 increases in 
the thiocyanate space developed at some time dur- 
ing the period of observation. In  eight animals 
two rises occurred, the first usually betwgen the 
third and sixth days, and the second between the 
11th and 20th days. The first rise usually coin- 
cided with the onset of the clinical manifestations ; 
the second was usually marked by an increase in 
the subcutaneous edema. The changes in the thio- 
cyanate space usually paralleled the weight changes, 

especially with the second reaction. Certain dis- 
crepancies were noted, however. 

The most profound drop in plasma volume was 
noted in those animals which developed the severest 
clinical signs of serum sickness and the greatest 
and most prolonged increases in thiocyanate space. 
In seven animals there was no significant decrease 
in plasma volume, however. 

In the four animals which showed a definite 
drop in plasma volume an appreciable decrease 
in the total blood volume also occurred. In four 
animals no changes m the total blood volume oc- 
c u d  during the experimental period. 

In  all the animals with severe early clinical 
manifestations of serum sickness a drop in hcmato- 
cr i t  was associated with a rise in thiocyanate space 
and a decrease m plasma volume. In  six animals 
no striking variations in the hematocrit occurred 

SERUM S I C K M S S  IN RABBIT 

FIG. 2. FLUYD SPACES IN A RABBIT (GROUT 2) GIVEN AN INTXAVWOUS 
INJLCTION OF HCMAN PLASMA 

@Note the i n c r e ~  in c p p c ~  which ir orrt of * C Q  
slight incrust in weight, on the 11th day and the osaoci?ted decrease in tbe 
plasma and total blood volume. On the following day, there was a marked 
decrease in the thiocyanate space, which was out of proportion to the de- 
crease in weight All the thiocyanate values from the 11th to the 21rt &y 
were elevated. After the 21st day, the variations in the thiocyanate space 
paralIcled the weight 

In the statistical crfeulations in the definitive experiment (group 3),  Table 
111 and IV, two baseline values, two values obtained at the time precipitins 
appeared, and two values obtained at the termination of the experiment were 
used. 

and were not significant 



Rabbit 
number 
- 

W*ht 

Kib. 
2.10 
2.14 
1.99 
1.87 
1.74 
1.87 
1.76 
2.10 
2.22 
1.76 
1.96 
1.85 

1.95 
-- 

d . / K i b .  
75.5 
80.0 
79.5 
75.5 

74.0 
80.0 
84.8 
88.5 

108.0 
85.5 
92.0 

83.4 

78.5 

-- 

78.0 
63.5 
78.0 

66.9 

40.0 
36.0 
38.5 

36.7 

K i b .  
+.11 

.03 
3.70 

4. 
+126.00 

21.40 
5.89 

-11.08 
2.81 
3% ~- 

ml./K&. 

-24.67 
4 . 5 7  
5.40 

ml./K&. 

J./K&.t 
+74.16 

9.98 
7.43 

J . / K i b .  J . / K i b .  
-6.25 -12.25 

1.23 2.35 
5.08 5.21 
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TABLE 111 

.-iItcraftons t n j u l d  spaces in rabbits rll with serum sukncss  after an injcitwn of humun plasma (group 3) 

Bucline 

Thio- 
cyanate 
*p.ce 

Weight 

J./Kib. 
%.O 
48.5 
48.5 
45.0 
48.5 
45.5 
50.0 
51.0 
51.0 
63.0 
52.0 
54.0 

K i b .  
2.10 
2.14 
2.14 
1.86 
1.96 
2.04 
2.05 
2.30 
2.24 
1.93 
2.07 
1.90 

d. IKJ0 .  
322.5 
242.5 
282.5 
296.0 
273.0 
313.5 
281.5 
265.0 
225.5 
280.0 
307.5 
311.0 

d . / K i b .  
48.0 
47.0 
39.5 
39.0 
u.0 
40.0 
35 .O 
39.0 
40.5 
47.0 
40.5 
48.5 

d . / K i b .  
228.5 
235.5 
246.5 
245.5 
289.5 
266.0 
229.5 
212.5 
183.0 
215.0 
202.5 
220.5 

231.2 

Vd. ?% 
39.0 
40.0 
39.0 
40.5 
37.5 
38.5 
37.0 
39.5 
39.0 
42.0 
39.5 
41.0 

39.4 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

29 

Mean for 
P O U P  

2a 

61.5 35.7 
62.5 37.5 
68.5 I 35.2 

~ 

50.5 2.06 283.4 42.3 

4.95 9.47 1.38 -1 1.45 2.73 1 0.40 

28.60 0.17 

s. 

0.13 

0.04 

28.00 

8.42 

4.40 

1.27 8.2 1 

The mean of two consecutive determinations at the start of the experiment is compared with the mean d two con- 
secutive determinations in the same rabbit done on the day precipitins to human plasma appeared and on the next day. 

s = Standard deviation 
sx = Standard error of the mean 

with the initial increase in thiocyanate space. 
None of the animals revealed a decrease in hemato- 

crit in association with the second rise in thiocya- 
nate space. 

In all 11 animals positive precipifin tests to hu- 
man plasma developed between the third and the 
12th days following the initial injection of plasma. 
In  eight animals the thiocyanate space decreased 
and the clinical symptoms and signs subsided as 
the precipitin tests became positive. In all ani- 
mals except one the precipitin tests remained 
positive throughout the period of observation. In 
this animal, which was followed longer than the 
others, the precipitin test was negative after the 
28th day. 

Definitive experinimt: The alterations in plasma 

hematocrit and body weight are summarized in 
Table 111. 

The statistical analyses are summarized in 
Table IV. 

A statistically significant increase in thiocyancrte 
space was noted in each animal at  the time the 
humoral antibody was first detected. In all in- 
stances a return to baseline values had occurred 
by the 20th day after injection of the sensitizing 
dose. A significant increase in body weight oc- 

VdUmC, thiocyanate spaa, total blood volume, 

TABLE IV 

rabbits ill v t !h  strum skkn t j i  (group 3p" 
Statistical signijcarrce of alterations in fluid s ccs in 

I Total 
SPPCF I ~~~~: volume blood 

Hemato- 
Crlt 

Vd. 70 
-2.73 

.23 
11.87 

a 
sa 

' t  

d . / K J o . *  
+51.30 

9.85 
5.21 

a sa 
t 
- 

Calculated in terms of weight on the day of deter- 
mination. 

t *dated in terms of weight on the dry d the first 
barlie. 

The data all show statistically significant differences 
between the baseline values and those obtained at the 
time of the humoral antibody response. The value of t 
was considered significant if P was <.01. 
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curred during the period of alteration in thiocya- and the hematocrit were less pronounced in mag- 
nate space. The body weight continued to increase nitude and were more transient, lasting only one 
from normal growth after the animal recovered to three days as compared with the changes in 
from serum disease. . thiocyanate space which occasionally persisted into 

In contrast to the increase in thiocyanate space the second week. The weight of the animals tended 
and weight, a statistically significant decrease in 
plasma volume, total blood volume and hematocrit 
occurred in all animals. 

All of the data are statistically significant, 
whether the calculations are based on the cornpari- 
son of 1 )  absolute values; 2) values based on 
milliliters per kilogram of weight on the day of the 
determination; or 3) values based on mifiliters 
per kilogram of weight on the day of the first 
baseline measurement. 

In order to determine whether these changes 
were reversible, the mean of two consecutive d e  
terminations at the termination of the experi- 
ment was compared with the mean baseline values 
in each animal. The mean differences for the body 
weight, plasma volume, total blood volume, and 
the thiocyanate space were not significant. The 
decrease in the hematocrit at this time was signifi- 
cant. These data are not included in the tables. 

In all 12 animals positive precipitin tests to hu- 
man plasma developed between the fourth to the 
eighth day after injection. The distribution was 
as follows : 

onm of poutrve precipitin tUtl 

Davs after injection 
Numberofrabbits 1 1 I I I ! 

DISCUSSION 

The experiments indicate that immune reactions 
may be associated with alterations in the blood 
volume and the fluid spaa which is available for 
the diffusion of thiocyanate ion. The maximum 
alterations in rabbits sudized with p k d  hu- 
man plasma occurred at the time circulating hu- 
moral antibodies (precipitins) appeared in the 
serum. This fin- correlates well with the pre- 
vious clinical observation that the symptoms of 
serum sickness begm to disappear with the a p  
pearancc of precipitins (3). 

The greatest change was observed in the thio- 
cyanate space. Alterations in the plasma volume 

to increase with the increase in thiocyanate space, 
though the changes could not always be correlated 
closely. Apparently the normal distniution of 
fluid in the body was altered as the result of an 
increase in permeability of membranes which was 
completely reversible. 

Methods: The chemical methods were reliable 
since the results in the control animals (group 1) 
were consistently reproducible. The possibility 
that the dye might act as an antigen, producing se- 
rum sickness, or as a haptene, forming a new com- 
pound which might induce an auto-antibody re 
sponse, was ruled out by the preliminary ex@- 
ments. 

The variability between individual animals in 
the experimental group (group 3) was controlled 
by determining baseline values on each rabbit and 
comparing these values with the response in the 
same animal for the statistical analysis. The ef- 
fect of growth and of variations in food and water 
intake was apparently of little significance in this 
experiment, since the data were found to be statisti- 
cally significant whether calculated in terns of ab- 
solute values or in relation to weight at the time 
oi the first baseline determination or on the day 
of the immunologic and clinical response. 

Though whole plasma is a complex oi many pro- 
tein fractions, each of which might induce its own 
slightly different immunologic response, it was felt 
that a mixed antigen might more closely simulate a 
natural i n f d o a  in which multiple antigens arc 
liberated by the infecting organism. Anatomic 
studies have indicated that the body responds at 
different times after the injeaion of aIbumin or 
globulin fractions derived from the same plasma 
( 5 ) .  Thetwopeaksintbethiocyanatespsaob- 
served in the preliminary experiments may be due 
to this difference. 

Pemcobility of mmbrmac~: The present experi- 
ment offers a logical explanation for the phenorfie- 
non of retention of salt and water; if the perme- 
ability of membranes to ions is i n c d ,  these 
ions could diffuse from blood into interstitial spaces 
and from interstitial fluid spaces into cells. The 
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resultant hypochloremia would decrease the renal 
excretion of salt and water. The administration 
of saline would increase the edema, until  restora- 
tion of the integrity of membranes corrected the al- 
terations in the internal environment. It is not 
clear whether the physiologic alteration is con- 
fined solely to vascular walls, as pathologic experi- 
ments tnight suggest, or whether cellular mem- 
branes are also affected. Von Pirquet suggested 
that the edema was interstitial, but the data in the 
present experiments may indicate that some of the 
change occurs within cells (8). 

C a w y  permeability: The alterations.& the 
vascular tree can be visualized as a series of pores 
in the capillary wall whosc size is related to the 
dinical severity of the disease In mild instances 
of tht disease water and ions which normally 
traverse the membrane would leave the blood more 
readily. Larger molecules such as protein would 
be lost m more severe inrbnces and red blood 
&weald pass out of tbe msmk tree only in 
the most severe reactions. Petechial hemorrhages 
in organs have been recognized for years as a 
manifestation of anaphylactic reactions. 

The loss of water and ions from tbc vascular 
tree into tissues is compatible with the observations 
on retention of water, sodium and chloride during 
pneumonia and serum disease ( 1. 2 I .  The perme- 
ability of the vascular tree to some colloids must 
have been increased because the decrease in plasma 
volume was concomitant with the increase in thio- 
cyanate space. The colloids lost from the circula- 
tion to the interstitial spaces would tend to retain 
water extravascularly until they had been reab- 
sorbed, presumably through the lymphatics, 
broken down m the tissues, or until other homeo- 
static mechanisms had been operative. 

It is probable that the amount of protein lost 
from tbe va9cu1oT tree during ccrum disease is 
not great. The dye is known to be bound to al- 
bumin, oae of the smallu protein molecuks of the 
blood. Any great loss of albumin into interstitial 
spaces would reduce the amount of circulating dye 
and hence lead to a larger d u e  for plasma volume 
by the chemical method; a loss in blood volume 
of any magnitude would thus be obscured. If pro- 
tein was lost from the vascular tree, the defect was 
detected only with the first rise in thiocyanate 
space and was transient. 

The drop in hematocrit though slight may indi- 
cate a loss of red blood cells from the vascular 
compartment. The drop was apparently not due 
to repeated bleeding since the hematocrit remained 
constant in group 1 in which more determinations 
were done in the same interval of time. No 
jaundice was noted clinically and the serum was 
never icteric, hence it seems unlikely that the red 
cells were hemolyzed. I t  is possible that the red 
cells were reduced in sue or that they were pooled 
in some portion of the vascular tree which was not 
measured by the techniques used. 
- Cellular permCab2i:y: It is not known whether 
the thiocyanate ion normally diffuses into cells 
or not. The increase in thiocyanate space there- 
fore could be due to I)  interstitial edema, ,?) in- 
crease in permeabfity d cells to the thiocy.note 
ion, 3) destruction of tissue cells with liberation of 
cellular water, or 4 )  dehydration of cells with a 
shift of intracellular flaid into the interstitial spaces. 
The fact that some animals showed a sudden in- 
crease in thiocyanate space without an increase in 
body weight would favor the thesis that some re- 
distribution of fluid had occurred whether or not 
additional 5uid ingested in food or water was 
retained. The hypothesis that tissue cells were 
destroyed, liberating additional water and making 
it available for dilution of thiocyanate ion, does 
not seem likely. The rapidity of the increase in the 
thiocyanate space and its reversibilitp makes this 
explanation appear highly improbable. Such a 
sudden increase in thiocyanate space without an 
increase in body weight would have to mean that 
the associated tissue destruction exceeded the 
amount of interstitial edema. Furthermore, pre- 
liminary nitrogen balance studies in other rabbits 
have disclosed no marked increase in the excre- 
tion of urinary nitrogen, and presumably in cell 
destruction, during dinical serum sidmerr. 

Mechanisms: It is not known whether the anti- 
gen in serum disease attacks solely to tberoscular 
wall or to tissue cells outside the vascular system 
as well. As far as the effect on the circulation 
is concerned, it would be immaterial whethu the 
loss of substances from the vascular tree is at- 
tributable to an abnormal passage of fluid be- 
tween the endothelial cells, as would occur if the 
permeability of the intercellular cement substance 
were decreased, or whether the permeability of the 
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cells themselves is abnormally increased, so that 
the fluids pass through the cells into the interstitial 
spaces. 

The participation oi cells in immune reactions is 
recognized clinically in allergic states ; the deleteri- 
ous antigen-antibody reaction is assumed to occur 
on the cell surface or perhaps within the cell. I t  
has been postulated that histamine or some similar 
substance is released during the interaction of 
antigens with antibodies. Histamine will alter 
the local permeability of capillary walls. The 
liberation at  the cell wall of some substance which 
would increase the permeability of the cell mm- 
brane would enhance the transmission of mole- 
cules, including the thiocyanate ion, across the 
surface. Such a hypothesis is of more than aca- 
demic interest, since it is known that intracellular 
enzyme systems are affected by the extent of hydra- 
tion of cells and by the concentration of ions. An 
increased cellular content of ions could be proved 
by isotopic techniques which could measure not 
only the diffusion of labelled thiocyanate but the 
relative movement oi radioactive sodium, potas- 
sium, and chloride ions across cell membranes. 

Relation to infections: The present findings indi- 
cate that the physiologic alterations which may re- 
sult from antigen-antibody reactions are more pro- 
found than has been recognized in the past. The 
physiologic changes deserve more attention in the 
therapy of int'cc!io:.:s diseases. In infections, the 
invading micro-organisms multiply within the host 
and release or secrete multiple antigens. With 
organisms known to locate intracellularly during 
some phase of the disease, as is true with the 
viruses and rickettsias, antigens are produced 
within the cell. Those antigens which could 
readily diffuse out would produce predominantly 
humoral antigen-antibody reactions ; those anti- 
gens which would be retained within cells would 
be more likely to induce intracellular antigen-anti- 
body reactions and hence increase the extent of 
the permeability of cellular walls. A most pr+ 
found alteration in functions of the body could 
thus be produced. The possible application of 
antihistaminic drugs or adrenal cortical hormones 
to therapy of infections with an allergic element in 
the host response is based on such alterations in 
function. 
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SUMMARY 

1. Rabbits sensitized by the intravenous injec- 
tion of p l e d  human plasma developed clinical 
edema with significant increases in weight and in 
the fluid space available for dilution oi thiocya- 
nate ions. 

2. Significant decreases in the plasma volume, 
total blood volume and hematocrit were observed 
transiently during the most marked alteration of 
thiocyanate space. 

3. The changes were interpreted as indicating 
an increase in permeability of the vascular tree, 
probably in the capillary wall, so that crystalloids, 
colloids, and red blood cells are progressively lost 
from the circulation as the magnitude of the defect 
increases with increase in the clinical severity of 
the disease. 

4. Occasional discrepancies observed between 
the changes in thiocyanate space and in weight 
suggest that cellular permeability is probably also 
increased to water and ions. 

5. The physiologic changes occurred at the 
time humoral antibodies (precipitins) appeared, 
suggesting that the alterations may have been due 
directly or indirectly to an antigen-antibody 
reaction. 
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In a previous paper the tusicity of I'J2 has 
been investipated in relation to the content 
oi lipotropic factors. protein. fat and phos- 
phate in the diets(1).  In a continuation of 
such a study. the effect of varying the supply 
of certain vitamins has now been tested. 
Damage to the bone marrow is a constant 
Occurrence in radiation injury and should be 
of even greater importance after administra- 
tion OS radioactive compounds. such as iso- 
topic phosphate which is deposited preferen- 
tially in the skeleton. L-nder this condition, 
one might espect that the recovery of the 
animals will be affected markedly by a de- 
ficiency oi hematopoietic iactors such as folic 
acid and vit BIZ.  Some beneficial effects of 
iolic acid o n  the anemia  qnrl leiikopt>x!.-i fol- 
181~i112 radiation therap>-  in human :wings 
have been reported ( 2 . 3  ) .  &in increase in the 
? iii ru r \ i \ -urs  a n d  i n  :hr -u:vi ixl  time ui 
x-ray irradiated mice recei\,ine generous 

. .  

ai t r r  total bod). irr~ilii.!:!-)ii ,ii i t h  s-ray.  'li 
- i t q i 3 ) .  c 3 ~ ~ ( 6 \ .  ant1 . s \ I - ~ - . - I ~ \ .  a n d  3f:er in-  

1 .  . . - . I  1 :. : . '1 ' .  .\, i! z 
J:  This \\ark t i a s  per~ur rned  under a contract 

ornmijsiun 3nd the Bowman Gray 
r .  The P : -  .\;is ciht.iincrl i rom the 

L L  K:r!zL, \.itinn,il I..ili-r.~t .,-:(>. 0 ; i k  Rirllrc Tmn 
Parr ui the \ I txnins  \va> graciously supplied by 
Merck and C o .  Rahn-a?. S.  J .  

I ( ' t i r n s t r e ~ .  !\- E H.~T:c!: I.; T. J r .  C .~ . . c r .  TI. 
and Artom, C., PROC. Soc. ESP. BIOL. ASD MILD., 
1910. v73, 492. 

2 .  \Vation. C. J .  Sebrell. \I. H.. J lcKelvery.  J.  L., 
and hart. F. 5.. .Am. J .  M d .  Sci., 19-15. ~ 2 1 0 .  465. 

3 .  Davis, P. L., Ant. J .  .Mtd., 1946, vl .  624. 
4.  Goldieder. .4.. Cohen. L.. Miller. C.. and Singer. 

~~ - 

\ , ,  \T. 1~.1 ~ 1 - x  T!*'< ! ) L * t k , , p .  :'I: 

tloduction o i  in human beings, or Srh9 in 
ratst8).  Likewise. vit B 1 2  failed to modif. 
the anemia and leukopenia of rats exposed to 
s - rays(9) .  

To our knowledge, no study has yet been 
reported concerning the effectiveness of the 
combined administration of folic acid and vit 
B12 on the recovery from radiation injury: 
a point which is directly suggested by the 
close relationships in the biological actions 
of these two compounds. Moreover, since 
large amounts of these and other vitamins 
are synthesized by the intestinal flora. an at- 
tempt to reduce such a synthesis by the in- 
gestion of poorly absorbed antibacterial 
agents. would tend to give a more accurate 
r;iimatiirn oi :he va!ue oi the i.it.iniins. 

E x p r i i i r c i z t d .  Four wries oi experiments 
ird out on  3 tot21 of 5 2 5  mice under 
5 identical to those of our previous 

t s ;> r r i ? i~ r~ ;s i  1 ) ,  es i ep t  3; indics:fii i w l o ~ .  
1:) -c:itj: I . i d  I r .  i;? mice wrrr n u i n t a i n e d  

m e n i d  dirt. tvithout a d d r d  sulfa- 
n d  injected rvi th  6 I.IC 'g of FS2. 
01' I',)lic 3i i i l  ( _ ' 3  !iic 122 2 ) i  ilirt , 

, i r  oi a mixture oi iuli i  :iiid (20 me 120 
and vit B 1 2  f O . i j  mg) were nt1rlt.d to the diet 
( ~ f  i).!r: , t i  : . i r - c  Li!.lim.i:<. In S:critj 111 and 
11. iht-  lo^ ;A:. loit- protein diet L)!c: S I .  ;G 1 

f 1 ) contained jC, dfasur id ine  and a basal 
mix[ii:e oi B vitclrnins ('Thiamine HCI 0.5 nip. 
riboflavin 0.5 mo. p>-ridoxine HCl 0.5 me. Ca 

: 5 r t , i r g a * T  S P , P R ~ c .  %r. EXP.  BIOL ~ S D  \ l ~ n .  
1,343, \ 0 9 .  :1s. 

6.  .\dams. R'. S.. and Lawrence. J. S.. .4m. J .  .Wed. 
,<,-: 1 il. ,::c. Q.;',. 

7 .  Cronhte. E. P., Tullis, J.  L., Tessmer. C, 
and Vllrich. F. IV.. PROC. Soc. EXP. BIOL. CYD MED., 

d .  Jacobson. L. 0.. Stearner. P.. and Simmons, E., 

9. Carter. E. R., Busch. E. .  and Strang. V., /. 

- ,  
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19,;O. ~ 7 . ; .  4l.h 
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TABLE 11. Statistical Cornpariaon of the Sun-iral of Mice Iiijccterl n-it11 1'32 ( >  pc 'g 
M:iintainetl o n  3 luIf;tsuiidine-contnininp Diet. 

31111 

pantothenate 2 rng. inositol 2 mg).  In addi- 
tion. some groups received also, as **supple- 
ments" to each 100 o of the diet: folic acid 
alone (F.4 1.5 mg). or vit B,, alone 
( R:, = 0.45 pg), or both folic acid and B,,  
I El - B,,: 1 . 5  mo and 0.45 pg. respectively). 
or a mistyre ( F.4,B,2.K.Bio) oi folic acid 
( 1 . 5  r n q i .  \ i t  B I 2  (0.45 p g ) .  Z.methyl-1.4- 
naphthoquinone Jlenadime. 1.5 pg). and 
biotin ( I . ?  ,,L' I .  Threc gruui).. oi  n ni i i r .  each 
were m.iintsinerl ior the whole period oi the 
experiments on the sul fasuxidine-containing 
diet wi thout  supplement: and were not in- 
jected with the isotope. A11 other animals 
were maintained on the diets. unsupplemented 
or supplemented. for 10 days before the intro- 
duction of Pa2, and for 56 more days there- 
after. Each of these mice receii.ed a sinzle 
injection oi P2 ( 5  pclg) : from our previous 
data this dose was estimated to be slizhtly 
belmv the LD-,,, (a t  the 2lst day and ior a 
low-protein, low-fat diet) ( 1 ) ,  I n  the experi- 
ments of Series IF', one animal in each group 
was sacrificed by decapitation immediately 

before and at  regular intervals after the intro- 
duction of Pz2, 50 that blood could be obtained 
ior determinations oi  the hemoglobin content. 
red blood cell and white blood cell counts. 
and hematocrit. 

I n  the esperiments oi' Series I 
and 11 the diets did not contain sulia5vJridine. 
and therefore notable amounts oi vitamins 
were probably still available to the animals 
through synthesis in the intestine. Supple- 
mentation oi such diet.< with folic acid. or 
folic acid and vit B12,  did not appear to cause 
any significant effect on the survival of mice 
injected with a dose of P32 in the higher range 
of the LD;,, ( a t  the Zlst day) ( 1 ) .  Data of 
the esperiments oi these series (and o i  Series 
IV also) are omitted for brevity. Only the 
data on the survival of mice on :he diets 
containing sulfasuxidine and the results of a 
statistical treatment of these data are recorded 
in Tables I and 11, respectively. .i few oi 

Resulfs .  

-~ ______. 

10. Fisher. R. .i.. Sfafisficd Y c f h o d s  for Research 
R . o r b c r , ,  London, 1936. 6th Edition 



the mice not injected w i t h  PJ2 died after sev- 
eral w w k s  on t h  h i v  pro!cin d i r t  x i t h  d d e d  
-~tli,i-u\iiliti~~ I I n  tht. (1int.r ii: thr 
: r l l ~ ~ p .  l i ? l L e  i ; l j t -c :~~, l  \vith 5 .,,- 2 1 , i  I',:, 
the I ,  obi 5 1 1 : \ i \ o r c  :*t the 2 I j t  da!. ani1 the 
tinit. o i  ' 3 '  I G j c ~ . ~ ~ h c  werr thr -ame .I:. i ~ r  
zrr3tt 'r th.in the \ d u e s  previously observed 
in mice injected with a smaller dose oi Pn' 
(4 pc g )  and maintained on a diet without 
added sulfasuxidine (Diet 3 I ,  which differed 
from Diet 34 only i n  a higher fat content) ( 1  ) .  
It seems therefore that the inclusion of sulfa- 
susidine in the diet did not enhance the sus- 
ceptibility of the animals to the injurious 
action of the isotope.' Supplernentntion of 
the sulfasuxidine-containing diet with folic 
acid alone increased the % of survivors a t  
the 56th day, but the increase was not sta- 
tistically significant ( P > O . O j ) .  C'it BIZ 
seemed more effective, however only the in- 
crease in the % of survivors was significant. 
On the other hand, the combined adrninistra- 
tion of folic acid and vit B 1 2  offered a 
marked protection witb a high degree of sig- 
nificance for both c( of survivors and survival 
time. The iurthzr addition oi menadione and 
biotin did not enhance the beneficial action 
oi the mirture oi  folic acid and vit BIZ.  .\I- 
together our results suggest that none of the 
iitamins tested niodiiy appreciably the dam- 
-~ ~ - _ ~ _  - . .. -. .~ - - 

+ Se\eral recent reports suece;t thd! antittiotics 
?.>:I> even be benencial in the  treatment oi radistinr. 
iniu:\ ! ) \  prr l  r . n : i r L  ZencrJ! 81r 10c;il ir~d inircrinn ... 
For example. strepturn! cin 3nd penicillin effecti\el; 
: d u c e d  the  morr;ilit! g>r prolonged the  survival oi  
-:it. i n 8 u t v J  , , \ i th P.::, 11 1 

1 1  K u l r t ; L \ .  5. ond Chri-t :c .l H . PRO- Sm-. 
t \ \ r  Blur \ \ I !  1 1 :  1 % .  I J ~ G .  x - 7 5 .  j63 .  

azc  caused ti!. the introduction of Pa?. but 
th:it 311 .iiicxtlu;ite supply oi both vit B!: and 
LiIic . t z i i i  ?:.I\- L A  ~ : i  i n i p o r t , i n t  1 .1 ,  * ' J L  I'<I: 

: h r  re(.o\c->. o i  thr i i . im~i: tvl  + i - - * i r z  

I 'hr hr?i3tolo._riznl chanypi. f i ) l l o ~ ~  ' 2 2  the 
in t rn i i ; i i - t i I~ :~  of P',: in r n i s p  on the :a!fx;iisi- 
dine-contJinin: diet showed approximately 
t h z  same general behavior in  all Froups of 
Series I[-. ;\iter an initial fall, the values 
rose proyessively and often declined again 
at  the longest intervals. However. between 
the 12th and the 36th day, that is, during 
the recovery period after the initial fall, the 
5. hemoglobin and the red and white cell 
counts in the blood of mice on the diet supple- 
mented with both folic acid and vit BI: were 
all higher than in the other groups. Because 
of the limited number of determinations, the 
differences observed can only be taken as a 
suggestive indication for a relationship be- 
tween the improved hematological picture and 
the prolonged survival of mice receiving the 
mixture of tbe two vitamins. 

Summary. The addition of generous 
amounts o i  folic acid, or folic acid and vit 
B12. to experimental diets had no significant 
etiect on the survival of mice injected with a 
dose of Ps2 in the higher range of the LDsn 
(2l . t  day ) .  On the other hand. when 3111- 

iasuxidine was added to the diet and the mice 
were in]ected with a dose of PZ2 slightly be- 
low the LD,, .  I 2Ist day ) .  the adrninistrxtion 
of vit B l r  and folic x i d  increased si%niticantly 
the time oi  SOc; deaths. the average time of 
survival and the 4 of survivors (a t  both the 
? l . t  n n ~ !  36th &I!.). 

Rccci\ed F e b r u r !  :r,. N T l .  P.3.E.B.M..  1451. \-;o. 
_ _  ~ ~~ .~ 
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Relation of Uptake of Radiophosphorus into Nucleic Acids 
to Age of Developing Chick Embryos* 

KINGSLEV M. ST EVENS^ 
(Department of I n f e n d  Medicine of the Bowman Gray School of Medicine, Wake Foreat Cdlqe,  

Winaton-Salem. North Carolina) 

While much work has been done on the turn- were made by the method of Allen (2) and DN.4 
over rates of nucleic acids in young and a d d t  ani- determinations by the method of Stumpf (9). 
mals, especially the rat (j), little is to be found on F h e n  a value of DS.4 phosphorus of 9.1 per cent 
their turnover in embryonic tissue. Since the rela- was assumed, the DS-4 values as determined by 
tive rate of growth of tissue is much greater during the two methods checked within 10 per cent. DSA 
embryonic development than during adult life, it analyses were made on the PNA to detect possible 
was felt that  a study of the changes in turnover contamination. Only one experiment showed con- 
rates of desoxyribonucleic acid (D1VA) and pen- tamination of over 6 per cent for which appropriate 
tosenucleic acid (PSA) in relation to age would be corrections were made. Counts were made on the 
of interest. When mature aninials are used, sepa- entire dried sample brought to constant mass with 
rate organ analyses can be made, but such analyses sodium chloride. Over 10,000 counts in duplicate 
are not generally feasihle on rm1)ryonic materi;il. were taken i n  a l l  cii.~t~.<. 

IVith [lie use of radiopho.;phoru.-,‘ we h:ivc t l r n i -  s i n c ~  the itdniinistered Sa?HPI2O4 equilibrated 
onstrated high turnover rates with large tiif- with the total inorganic P of the egg, it was neces- 
ferences in these rate> at diffcrcnt ages. sarv to multiply t i l e  **raw‘* specific activity values 

by the quantity of inorganic P per egg. These data 
JI.ITERI.ILS .ISD METHODS fcjr t>:!z< of v;rryin!z : i c ( b >  n-ere secureti fr( ni Kugler 

Fertile chicken eggs were incu1)ated for from 9 (61. The term “relative -jwcific activity” as used 
to 16 days a t  38” ( - .  ln cscli expc’rimrnt from four here refer.; to the product of count. I i i i : . . : L t .  niilli- 
to eleven eggs were used. t t i t .  !ar,aer numlwr l b e i i i g  gram nuclt,ic acicl I’ x the  niilligrariis of inorganic 
usecl f o r  tlir y r , i i n ~ ~ r  emhn-o.*. Fivta-tc~.tli- n i l .  of P per egg. Since t h t .  .iinir tluaritity of Y:: n-as in- 
a solution coiitainiiig .i + c .  of cirrricr-free jcctrtl in a l l  experiments, this tern1 is proportional, 
Sn2HPW4, 2.5 units of penicillin, and 250 fig. of though not equal. to the more conventional defini- 
btreptomycin wa. i i l j r t , t t . t l  in to  tlir yolk s ic  of t i o r i  ( , f  “ r t ~ l ; i t i ~ c ~  qwcific activity “ 
each egg. .4fter 6 hours’ furt1it.r incut)atiori at :3$, 
the embryos were dissected free, observed for 
vLibility, pooled, n-eigliecl, and i)lendeti.Thc. nucleic 
acids were then extracted by the method of Ham- 
marsten (4), with the modScation that thr, PS.4 
was precipitated hy the  iicutr;iliz:itioii of the ;irid 
lanthanum after the DS-4 m-as removed. dlthough 
a great deal of PS.4 is lost by this technic, the 
loss does not alter the speclfic activity. Phosphorus 
determinations on aliquots of the DNA and PN-4 

RESLLTS 
The result.- arc. shun-n in (’hart I .  
The “relative speci6c activities” of both PN.\ 

and DS.\ are seen to rise rapidly from the ninth 
day, reach a peak on  the thirteenth day, and then 
drop precipitously. The DXA remains low through 
the sixteenth day, while the PS.k hegins to rise 
moderately. The ratio of PS.\, DS.1 “relative 
specific activities” remains essentially constant 
until the fourteenth day, and then rises. 

Supported, in part, by a contract between the Atomic 
Energy Cornmission and the Bowman-Gray school of medicine. 

t -4tomic Energy Commission postdoctoral fellow in the 
Medical Sciences, 1 9 ~ + ~ .  Present address: Surgical Re- 
search Unit, Brooke .\my Hospital. Fort Sam Houston, 
Texas. 

beled purines give similar nucleic acid turnover rates ( l j .  

DISCUSSION 
Sovikoff and Potter (8) studied the changes in 

Ps.4 and DS.4 concentrations in the develop- 
ing chick embryo. Their data are shown in Chart e,  

It has been demcmstrated that inorpnic Pa*- and (“‘-la- along with data from Seedham (71, showing 
in concentrations. 

Received for publication October 6, 1951. I n  our stud?; only 9-16-day embryos were in- 
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Days ef Incubotion 

CHART l.-Changes iu PA-.\ and DSA relative specific ac- 
tivities (counts 'miq 'mg nucleic acid P X m g  inorganic P 'egg' 
n-ith increasing agr S u  values acre ubtairied fur t1.e tenth day. 
Days 9 through IS represent single experiments. Day 14, 
thrre experiments, standard deviation PS.\. 24.YK): DS.\, 
I\.000. Day 1.5. four experiments. s .d.  PSA. 19,tJ~q~. I)\-.\, 
I ~ , ~ I ) o .  I ) a .  Ifi. !wo eqwrirnPiit.i, i . d  P\.i,  1230. DSil ,  
1.520. 

presents the pattern of change in turnover rates. 
Hence, not only do the cnnceritr;ttioris \ l i l t  <iLo t h e  
turno\-er rate. i i i c r t ~ : ~ ~  greatly about the tliir- 
teenth day. Since it is difficult to determine accu- 
rately just hon- long a n  egg has heen incubating, 
the  dilierence of 1 day in the peak is probably not 
significant. If both the turnover rates and the 
arnounts of nucleic acid.: are importiirit factors in 
the rate of protein synthesis, then around the 
thirteenth or fourteenth day the product of the 
two is at a level several times higher than at earlier 
or later periods between 9 and 16 days. 

.\ rough estimation of the absolute turnover 
rates can be calculated.? For the peak value of the 

* Method of calculation: 6 N. P" injected which produce 
11x 106disintegrations per minute. The counter efficiency for 
Pa was 9.9 per cent. Hence, 5 pc. would produce IO.gx106 
counts per minute. There are 17.P mg. of inorganic P in a 
lS-day egg. This n-ill give a specific activity of 6.5X 1O'cnunts 
min,'mg P. The P5.k-P specific activity was OS.6X 103counts, 
min/mg PS.1-P. Hence, the turnover rate would be 37 per 
cent for 6 hours. or 148 per cent per day. 

. .  
~ ~ o r i t r : t ~ t ~  \trorizly nitlt t 1 1 t t  r;itt. for , ~ , I i i l !  : i i ! i n  * . - .  
- i n , c ~  t l i c .  liiglic..t niic.lt~ic ;tci,l tiir!!il\.t ,r r;rtt.- i n  
rxhhits. f o i i i i d  i n  horic niarralw, n - c s r c '  or;Iy 1:1 p e r  
cent for 1'S.I ; i r i ( l  i pvr ctbrit for 1)S.i ptlr II.:::.~ 
Evtm t l iv  lowest rate.- in the e m h r y ,  found on the 
fourteenth day, are 68 per cent and 20 per cent per  
day for PS+\ and DS.\, respectively. 

.\fter the thirteenth day the  DS-\ activity 
drops and then remains constant, while the PX-1 
activity drops but quickly begins rising. This may 
reflect a continued high rate of cytoplasmic pro- 
tein synthesis in contrast to a relative decrease in 
cell division. 

Since these studies were made on whole em- 
bryos, the particular organs responsible for the 
increase remain unknown. Davidson and Leslie 
13) could demonstrate no marked increase in the 
amounts of nucleic acids in the heart or liver of 
chick embryos in the twelfth- to sixteenth-day 
period. However, in adult animals, the nucleic acid 
turnover rates are much higher in lymphoid tissue, 
spleen, bone marrow, and intestinal mucosa (5j.a 
Study of these tissues in embryos would be prefer- 

' 1 2 ,  5 7 9 II a 6 I7 1 
D A I S  O f  INCUUmW 

( ' E I ~ R T  %--Changes in PS.t arid DT.4 concentrations u .:h 
age, from Sovikoff and Potter (8). Top curve: changes in 

ro$n concentration, from data of Xeedham (7). Dry weight 

able if suaticient quantities of tissues could be 
secured. 

It is clear that, about the thirteenth or four- 
teenth day, the chick embryo undergoes drastic 
changes in its nucleic acid metabolism. Further 
study of this period may reveal important informa- 
tion concerning normal growth. 

Lla. 

a K. M. Stevens, unpublished data 

1 1  1 2 4 2 8  
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1. The  uptake of radiophosphorus into desoq-  1.1 ~ Q N  

I 1’S.i 1 in 9-1G-(liiy chick w i h F o s  has t w t - r l  dc- 
t errriincd. 

2 .  Tht. “rvlativt. specific activitic,s“ of t ) o t h  
DS.1 and 13.1 rise rapidly to a peak on the  thir-  
teenth day, then fall abruptly toabout 20 per cent 
of this value. The D S - ~  the., con- 
tinues constanty 
again. 
3. The turnover rates of both nucleic acids, but 

especially DK.4, appear to be much higher in em- 
bryos than in adult tissues. 
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In certain diseases. the administration oi 
cortisone may relieve many oi the symptoms 
and suppress the signs oi illness, In spite 
oi this apparent beneficial effect. cortisone 
therapy may be harmful in diseases 5uch as 
pneumonia or tuberculosis. since it often ac- 
celerates the spread of the iniection( 1.2 ) .  I t  
has been su,egested. however. tha t  in the 
therapy of Rock!- Mountain spotted fever and 
typhoid fever. this hormone may be a i.aluable 
adjunct to chloramphenicol 3.4 ) .  Because of 
the intracellular position oi rickettsiae as op- 
;wwl to the extracellular !(,cation oi most 
bacteria. one might espect a different re- 
:portae to  cortisone in animals or subject.; in- 
f c c t t - ' ;  \ \ i t h  t h y  i o r r x r r  i i i i c :  or::iniwi<. T h v  
hormone mivht alter the rare oi spread irom 
* h r  site ( i i  inocul:itit)n the r::-- o i  Lirowh ,i\-iih- 
in cells. o r  the respunse oi the  host cells. 

The present stiiciy \\:is . :nclrr t , ikvn in an 
rfiurt tlJ dvtrrniiiir t h e  viiect; I)i IWI different 
L-:ice schetlulr- t l i  cl,rti-oi:-- .il t.t.ite -jdniini-- 

.:*i.rr. 
lrriL,L, - !  1, I -  t t ' i  i 

.\Ivt( r i . ; !  ,:MI / n t , t h , i , / . s .  .I ; ',tdl I,: 'J 1 : i i i i i ~ ~ i  

.iic. w r e  ii-rtl T'w H i t t r -  ROI I I  - t r ; i i n  ' i i  

I< r;, k .  !! i i  '.\,;. ,#~:..,.,i .r. ' ,  I,! 1t.ri. 

zterile. citratrrl h l c i i d  ohtzinecl 1)). c.idi:ic. 

;juncture ur a splenic emulsion in sterile 
;,h!.siologic saline solution was used as 1x3- 
_ _ _  .___ __ ~~ 

' Thi- :s,,Nrk ' , r ~ l .  F K -  

oi .+rnrrican Heart . h n .  sponjared by the 20-30 
In t e rna t inn . J !  Rhcumxtic Fever Fnundntion. iVork 
.upported in part b>- V 3 .\ium,c Energy Cornrnb- 
lion under contract with Boaman Gray School of 
Medicine and by :rant-in-aid irrJnn American Heart 
k n .  The  R i t t r r  Root strain of R. f i r b f f i J i i  and 
the spotted iever antieen were supplied ,by Dr. 
Hrrald R .  COT.  Lederle Laboratories. Pearl River, 
S .  Y. Cortisone acetate iurnshcd by Dr. Elmer 
.Upert, Clinical Research, 3lerck 8. Co.. Rahwa?, 
X. J 

sa;e material. The animals irom which pas- 
sage material was obtained were sacrificed on 
either the fourth or fifth day of fever. Daily 
determinations oi the body weight and the 
rectal temperature were made on all animals. 
Complement fixation tests were performed by 
a s tandard method(;). The  significance of 
the difference in the mortality rate between 
the test and  control groups was tested by the 
chi-square method (6 ) .  

E x ) .  1 was de- 
signed to  determine whether the daily ad-  
ministration oi a dose oi cortisone acetate 
comparable to a clinically therapeutic dose in 
human h e i n s  w-ulrl induer,ce the cogirse of 
:he iniection. Fit.r sets oi observations were 
niade upon 31  male animals. Each set oi 
.inin~.iIs w s  .riven a d inerent  preparation oi 
rickettsiae. In  each set. the  animals were di- 
vitieii into trst 3n t l  i o n t r o l  zroupc r t !  i l  m -  
piirable bod>- weight. .\I1 animals in the 2 
: r ~ ~ i : ~ ~ s  :\-ere in~-~c~:!Li*rc! xs-ith the same l d u m e  

material sontciiiiin: t h r  :ickrtt-'.::, Start- 
il:< ~ t i i  tht. <i:i> , i  i n i e c t i o n  r l c i :  L ~ : , : - . . !  : i ;  

t h r  :. .i! yrc i / rp  \vas Ziven dad!. subcutaneous 
injections oi 1 ni: t-)i cortiwne acetate I ;I 

iiI~>t. 'i\ is c.,nii)<ir ':,) 1112 ;or a 
T h c  ( - , i / / : :  8: : r o i r r  

was not given cortiHne. .\I1 oberi .s t ions 
w r e  iuntinued iur 1; dayl after inicctiun. 
Exp. 2 .  performed several months after com- 
plrtion of ESP. 1. was desimed to determine 
u hcrhrr the Lid:iiini_.tration u i  a I q e  dose 
of cortisone acetate for 5 consecutive days a t  
the peak o i  the c!inical illne-s would alter the 
mortality rate or the degree of fever. Forty 
guinea pigs were divided equally into 2 sets. 
which were studied one month apart. The 20 
guinea pigs in each set were observed simul- 
taneously and were given aliquots of a single 
inoculum oi  rickettsiae. Ten animals in each 
set were not given cortisone: the remaining 
10 received 5 daily intramuscular injections oi 

Plan 01 the Experiment.  

- ., 
. i i z  n u n )  itJr i :  lid;% - .  
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cortisone ace.tate. 2 5  mp. starting on the morn- 
ing of the fourth d a y  oi iniectiun. 

Rcszrlts. E s t .  1. Sixty-nine per cent of the 
control animals infected Kith spotted iever 
and 5 0 5  oi the test animals also given corti- 
sone acetate died: the difierence in the overall 
iatality rate was not siyniticant. However. 
whrn rhe 3 ';et; oi : i r , i~ . : l .  l-vyry L i r l ) i t r , i r i l J .  
L i l . ,  :ilril i n t i i  .: :roul)>. tlqrzn~lin: upun t h y  
se\erit!- oi the iniection. there was a sugves- 
i i t ~ n  th,it the a r i m i n i ~ t r ~ t ; ~ ~ n  IJi  cortisone act'- 
ta te  did have a beneficial efiect (Table  I ) .  
. i l l  ( t i  ~ h r .  .cix anin1;tl.L wit:? n i i l l l  ' iniection- 
survi1wi Sone  develiq)rd ievrr rectal tem- 
perature oi 104 F or vreater I .  C'omplenient- 
fixin? \ i i t i \ nw{ \ ;  1,) ...Itittr,i! fy>>-: I!-,::-,.:-~ a.i. 

r : i t , .  I l \ , ' l  ! I I I C (  

~ ~ _ _ _ ~ _  .. ~~~~~ ~ 

t ' , i i . ,  incrt..i.;t.tl i:; \ i : , , . t ~ , ,  u 1 i o i ?  -cri,ii  ; rL1 . -  

..<!:r .I: :l.i!iit..i ;ji:- -4:: . i t  I ~ I ; C  $bi thy l o  
animnli with iniectinnc c l : i~~i t i rd  n i  "severe" 
~ U C C U I I I ~ C ~ .  There n d L  111) $;niiicant dii irr-  
ence between the test and control yroups a c  
to  the duration or height oi iever or the d a y  
u i  cirath. I n  the 2 Y  aninul-  ild..>il;t.d d= ha\.- 
ino -moderately severe" infections. 43% of 
tho-e Zii-en ic~rtisont' :icrt.i:y :in11 7 ;(; oi the 
control guinea pigs succumbed. T h e  difference 
in the mortality rates in the two groups was 
statisticall\- sieniticant ( I '  = 0.01 to 0.02 ) .  

The mean duration oi iever in the test proup 
was 5 . 5  days. as compared N-ith a mean oi 
4.1 days in the control group. In  the test 
group. the average d a y  of death was 11 .j days 

a i t r r  i n o ~ ~ ~ l ~ ~ t i ~ i ~ i .  i n  the control i r o u ; ) .  1,: 1 
ii.,!. 1:i : t ~ i i t ~ ~ . i l  !\I,, I h , i n ~ ' r <  11.. : '  u t . i ? h :  

per cent IJi i h , .  : ~ . I I ~ ; I I s  11; 

t , . ic i i  ZroL:!)  ~ l i e ~ i  ' l i i r i n :  t h r  lwrio~! 8 . .  t l l , .c>r\x- 

ticin. t ) n l >  n ( r t '  thtx l o  dr:iths .r. t h r  test  
croup c u u r r e d  while the animals n-ere re- 
cei\.inz cortisune acetate. wheresc i 4  deaths 
occurred durinc the same period in the control 
group (Table 11). Thus .  most oi the iatali- 
ties in the test y o u p  occurred after cortisone 
was discontinued. T h e  mortality rate in 
the test group during the first 8 days of in- 
fection was significantly lower than that  in 
the control ( P  = less than 0.01 1. The mean 
day  oi death in the infected animals not given 
cortisone acetate was 8.1 days:  that in the 
test group which received the hormone was 
9.9 days. A striking difference was noted 
clinically in the physical appearance of the 
test and control animals within 48 hours after 
the institution of cortisone therap!. in the test 
group. Those given the drug were much live- 
lier and showed l r s q  ruftlinrr o i  t h e  coat than 
t h o x  not r m 3 \ - i n z  cortisonr. 

The  mean dad!- decrease in bod!. weight 
in t h r  -7 ~ r o i i j l -  \vas prx t ica l ly  the s i x e  during 
the nrst 8 days. An abrupt  fall in the mean 
dail! rrctal temperaturr occurred j: the con- 
trol group betu.et'n the sixth a n d  $ r \ e n t h  days 
IJi irftsct!on 2 n d  all e.;cci)t : oi t k r  .inini,il- 

~ v e r e  clr.ili ! )>  :be ninth cia&-. I n  :5- ~ r o t i ; >  
:I.. ~ ' ! i  I . I I ! - I ' - ~ ) : - . ~  acet.itc. t h r  hiz!.--t medi. 

temperature ,I! 1 ~ 2 - i 7  F \vas I I ) U F ' *  1J11 t h y  
fourth da!. I)i :;;I 

i n  iri t i i , n .  

Cnrcwcnt .-\lthour.h the dail!- tr'.niniztra- 
t i c ~ n  oi 1 ni: ui cortisone acetdte a;li nut sie- 
nificantl!. alter the overall mortalit?. rate in 
zuinea pic. inirct.ed with R .  r i ~ - , k c t : ~ ! ~ ; + ~ ,  analy- 
sis u i  t hc  rc.>uIt- dcccding  to  the werit!- oi 
the disease sugnested tha t  the hormone may 
I Y  oi value ii the iniection is of moderate 
severity. T h e  justification for such a n  arbi- 
t rary classification lies in the  fact that the 
etiicacb- of a therapeutic agent which does 
not directly inhibit the growth of an infecting 
organism may not be apparent, either in the 
presence oi  a minimal infection without syste- 
mic reactions or in the presence oi an over- 

j. II.II~.II~~~I~'I! r.ic 7 * i ? i , r  

. .  

. ( I  - : . . i i i . i L i I l ~ .  i i n t i l  th r  thirtr 



w h e l n i i n ~  intection. In  the Ilresence of a 
nioderatel\. severe infection. when there is 
sufficient time ior the bod\-'s deiense mechan- 
isnis to  be mobilized. a n y  beneficial effect 
which the dru: possesses may become evident. 
I t  has heen observed tha t  in Tuinea pios with 
fatal iniections oi R .  rii-kt,ttsii. the tempera- 
ture  drops rather precipitously to  subnormal 
values about  12 hours prior to death.  T h e  
lonzer mean duration of iever in the croup 
Civen ciirtisone a c e t a ~ e  And classified as hay- 
inz ixoder;itrl!- severe iniestions has there- 
fore been attributed to a reduction in toxemia 
rewltinn from the administration n i  cnrtisone. 
.r!ir ;t~ii:t,r ~ i y r i ~ ~ ( i  I I ~  -:I:\ , % \  !I i!.. r h c  ~~ l~ r i ! . i i i : r -  
t reatul  animals is- 31.;~ conipstihlz with this 
in I r rj 1 r i .t : I  t i t  i n  

The  obw-vation? in I-:zp. 1 apnear t o  con- 
firi;., r h r  inl;)ryGGii)n t i . i t  g : ~ ~ - t ! - i i : : t ~  . I (  t , r i t : '  h.1- 
a !)entAfIci,il t.iir< t 1111 t nr t.ocr:e 1,i n m i k r . i t r l > .  

\-I\ rit.;ith; occ:.::*~.,! j .  ' . 

1 2 , '  ! , I  ii:!r! ! ! , ~ ; i  . i t  xb , !ch  t i m e  t i> ,< ,  
~ i i ~ i ~ l i n i ~ t ~ . ~ t i i i ~ l  ' I , . - (  . , ) <  t.<trti+)ntl : ~ c P -  

r:!!r ..v<i. tw: : n  in the te r m i >  1) t : r i nZ  t!w 
~,y:-;,~,! I I I  l!:li: tr,r::I:8;. ' 

thsn that in the contrnl nrnup. Tn addition. 
t tit .  .I i i i  ic :i 1 cii)prj r.iiiL r i I i e h ~ \  io: &)I '  the 
treated animals was less in keepinn with a 
sc\.rre illness. FollawinLc ciixontinuation oi  

goup  was areater than that  in the control 

identical. I t  appears. thereiore. that  the 
beneficial effects of cortisone acetate were 
transitnry. 

I t  is not pusaible iron1 the pre:eiit stud>- tu 
determine the exact mechanism of the pro- 
tective effect apparentl). afiorded by rcirtisi)ne 
acetate in quinea p i s  iniected tvith R .  rick- 

.,-.,,.re <.i>?. , \ ;  K , a k y  \ I < \ ! ! ? :  

. .  

1 .  < I :  , ! t ' . i l i j .  . > .  

_I I l l j l  \!,,. .i:!-iLl..: 

. .  . 
it-brti..ont.. tht. R i l i l l \ J r l ~  t i :  I!t- . i i i i-  i i :  ihr tt2-t 

:rllu!> : I )  t h a t  the  o \ - f rL i l l  : X ~ ) F I  ili!!.. '.it? ~ V A :  

pttsi i .  There is no evidence to suggest that  
it m a y  be due to a suppression of the orowth 
oi rickettsiae in the infected animals, a n d  
it has been previously observed that cortisone 
acetate does not affect the rate o i  growth of 
R .  ric-ktTtfsii in the yolk sac of embryonated 
chick ecu_;( 7 I .  

Szo)iitzur!. 1. T h e  effect of 2 different dosaee 
schedules oi cortisone acetate on guinea pigs 
infected with Rocky I lountain spotted fever 
oi varyin? decrees of severity has been investi- 
gated. T h e  o\.erall niort.ilit>. rate in -75 
animals given daily intramuscular injections 
oi 1 nii. n i  t he  dru: GtJrtinz nn the &!- each 

r , ~ o i i e , i l  i l ; j t A c , I i t ) I i .  , i i i  in- 
oculum oi rickettsijz. did not diiier iicniti- 
c. : int l> i r ' t n i  1:ir ;i.rirt.ilit!. i . i t t '  in  ir:frt:teii 
Lcuinea pirs which received no treatment. The 

. t i  . ,J c \.A r irr I c.1 )n: i 1 i cr,t - 
r \vas t:iken i r i t t ~  , r , ,nzicl-  

yr . i t io ; :  i *  i ; i i w . i r d  th:it I ~ ~ : : ~ - I ~ ! I c ~  ~ c t . .  i . , .  ' ) ,  . .  
, u-r- ,.(I[' 

of infection) the overall mortality rate was 
identical ii-ith that in 20 ini 

administration oi this relatively huge dose 
11; #:I Ir 1 i .I ):it' ;iirt . I :  c .  hi I \ \  r1.t.r t hr i.1 t .XI i t !. 
rate was signiticantl!. lower than that in the 
untreated an imals  

~ i \ . t . i i  i j j t .  I I , , ~ . : : ' ,  !;r: I Io 
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b.  Snedecor, G .  \\.. 19-16, Statistical \lethod;. 



b eight ikgl  
Plasma volume (ml kg 
Hematocrit * to1  9' 
Total blood volume lml ky 
Thiocyanate space  (ml kyi  
RAdloeodium warr irnl  ky 
*rum sodium imeg LI 
*:urn p t a w u m  rncq I 
Total serum protein ym L: -- _ _  _- -- 
N'eiuht (ku) 
Exchangrdblc p+iawurn 

imeq ! 
(mea L) 

1M.i  
8 1 . 5  

i?n I 
, O . O  

2.18 ' )  

103 
74 , 

3 514  
46 i* 
38 5 
7 5 . 8  

241.4. 
2% .8 
151.4 

4 . 5 9  
6 .57  

2 . M Y  

- 

I statistically qignltirant differen\.e al ien (.urnpard w i t h  thr tnt'dn baqelinc value: P =  CO.01 

C ( l \ l \ f b : S T  

I 'he ph? siologic c,hanges observed i n  
the r'ibbits 'ire t.onip,ir,ilile to those 
frriind i n  '1  11 p i ~ . . ~ l  i i i i l c i  s' ,:w I 'f Rr'lck-l 

hlountain spotted iever in a human 
being (see (-:ice i n , ~ ~ 1 1 i r 1 i . h  'IS n o  
evidence oi peripheral circulatory coi- 
lapse or of edema was noted. and n o  
significant changes in the c ' c~n~. r~~t ra t ion  
of serum protein occurred. IYhile the 
plasma volume was increased, the 
hematocrit was decreased, so that \.er>- 
little change occurred in the total blood 
volume. 
The thiocyanate space was increased 





Adrenal ;A, 0 10 
B. 0 13 

Spleen 

Liver 

.A. 11.4s 
B. I 1: 

.A. 4 60 
B. 15 5 5  

.A. \ l ean  value- exp:eszd as percent id iut.i! b i d y  we,<!,: 
at the  t ime 01 sacrihcc. 

B. Mean  absolute  values in grams at  the time $of sacrifice 

Rocky Mounluin spotted fc r r  und i n  noninfected anrmals. 
~ ~- __ ~- -- 

~ 

T,,r.4 K A j ,  - , . d . ~ n .  z ; . ~  c -  . i  . J W ~ ?  ,:gai;< 
(percent oi weight) radio- Serum Serum 

sodium sodium wtass ium 

5 38 16 56 25 30 ??  03 1: 02 43.W C;rouIi I  1 6  animals in- 425 I) 13-1 0 

Group  2 (6 normal  con- 4 5 3 . 0  149.0 6 05 14 .33  26.08 16.94 13 I1 32.98 
lected with R .  r i h i l s i i  

trol animalr) 

d -25.0 - 1 5 . 0  -0.67 r 2 . 2 3  -0 i8 - 5  09 - 3  SR -10.42 
5 
I 0 . 67  2 61 Statistical analysis .'d 34 .3  2.97 0.58 0 01 

0 :1  5 05' 1 I O  2 4 0  0 1 1  
~~ -~ - ___-~_ 

Statistically signihcsnt dfierence P -  < O . O l .  
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Several re r ia r  of experimsatr have h e n  rl, alas am various agents uUah a t  
tite r t w i a l  frm the 

SP. mophosphate,  Dihaal.st8chy- 
be expectad ta increase the m o b i l i z a t i o n  of the nlimc 
boner by a direct, or indirect protectira rchrni 
r t e r o ~  and V.NCP(, -re teat& lonrer in none of thore . g l c i r a t r  yu any 
d e f i n i t e  beneficial effect obrrrved in rerpct  t o  the rmri-1 of the rice injcctea 
w i t h  the isotope. Likewise erp'loratory experiments on the effects of rewcted 

to M t  rad fdd rhar hr0880 h th, n # i D W  ef 
ad :ult 2ag preriow treatmeat with a sablrthd. dose of P32a 

- .  . , e,' 4 4  - .. .-. . 
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I;. ExPe f k e n t 8  w i t h  AT-10 and h th  b D h  0 8 ~ h . t . .  Dihydratrchpktol (AT-10) 
partly sinnilater the action of parathpoid  homono, but it  h r  a wch longer 
last ing effect. 
blood by increasing phosphate excretion through the kidneys. The p o s 8 i b i l f V  
vas tasted that ouch 8 mech;Lnisn may be used in order to &ram@ tho 
robflitation OLt th ndforctire phwphte initirllr deporited in the )OW#* 
However, in eur axprrimmtr treatment vitn AT40 inemuad (instead of decrru i~~g)  
the  mortPUty of the mice b3.ct.d with tho ?a, - a t 4  tht the sub8- 

$2 in the arm ru quite  f r n q d l ~  and PO c l u r  ur-m s~a'tl k bt.0t.d 
in this r u p e c t ' t m m s n  the mice treat& vith A T 4 0  d tlie PatnrteU controb. 

thir drug is believed t o  lover the inorganic phoaphrte in 

the &MI which w u r d  wa8 d e f i a A w  toxic. bbreovu tho olhinatiom ~2 

P. Action of Chrl.thg b,g a t s t  Terrene was h j e c t e d  b i l y  ia mice rwwiving ~32. 
In t5:a various sariea of experiments the number a d  t h e  t imi4 of the injections 
vas varied. 
with Verscnt, but there was a great  o r r i r b i l i v  in the data and t h e  mean 
differences b e m e n  the experiuntal and the control ~ O U F S  in the complete rerirt 
were n o t  statisti-3117 significant. 
detec ted  in the rlirninntion cf ~ 3 2  in t \ c  urine of rairaals receiriw or not 
rece iv i rg  t h e  chelating agent. 

Tho m o r t a U e  vat - f#%aaw h certain of t b  ~ r g r  t r r a t d  

ULwise no significant differrncas vert 

0. E f f e c t s  of Repeated Expcsuro t o  I n t e r n a l  3adiatic.n.  
menta mice (33 rrnd %, respectively) vere injected vith sublethal dose of P32 
(3 ,  and 1.5 p c ,  rcspsctivtly). 
v a s  done after M.rrrl uwka (3, d 4, nqectfrely). &-- .tr, e af 
u p e t h n t s  55% and 51% of the mice vare tmriring after 42 days. The average 
survival  tiTe vas 34.6 . l a p  ic the f i r s t  series and 33 days  in t he  aecond. These 

In twa seritf cf  expert- 

A second injection of ~ 3 3  in the miAlettm1 range 

firnil 8 k d  k o(IIpv.d 8 6s 8 w i d  at 4- w.dL QI 
s u w i v a l  t ine  of 32.5 days in t h e  72 control lcice wGch r e c e i i e d  the higher dose- 

, .  A ..,$ ..*' , J b-c-t &' & ; '%' '+ \- & @' 
of t 3 2  w e  

+ .  



of Invest igat ions ,  tho8e c o n c w n h g  the ac t ion  of Scontainin. rubst.nces look 
promising and v f f l  be continued act iraly d u r i n g  the next few ronthr. 

In t h o  period covered by the p r u e n t  report the fol lovhg corplr te  p8per h.8 
been publhhed: "A PrOtUCtiV8 %lo of )Fidorirr 4 - t  the T d c  ltffectr Of f12, 
by C. &tu, U. 1. Comatrsr md G. To W r e l l ,  Jr., k. Soc. hrp. Bioi. .ad 
- 0  a 496.497 ( k c h  1952). 

.i . - .  



t h ot&r oqmrimatr, the effects of various agents which might be expected t o  
enhance the a o b i l i u t i o n  of the isotop., inittally &posit& i. the b-8, 
yIFe tat&, 
inactive pnopho8pbrte, af #f 8 c h e h t w  c 
protection a-t the injurious action of ?3 
110 irproremnt was obaemed in tho r ~ r r i v d  of the a n i n h  vhich h.d received 
a rsa l l  dose of P32, 3 or 4 weeks before th. lathl dose of the radioisotope. 

tlovorcr, after introduction of dihydrotachptcrol (AT-U), of 
(wemaw), BO rigdfiunt 

Likevise, could be detested. 

c a m i l l 0  Artom, H. E. 1 



Summary of the work from W c h  16, 1952 through k r c h  15, 1953 on tho project 
d e s c r i b d  below 

TOXICITY O? ?32 AS RKLATXD t0 DIP;? 

I(. 8 Cmthmeosl Of v6oUr tb, )nwth Of p U t 0 - C  d 
(PA) toward the effects of interrul radiation by P3* ha8 baoa inrost iyted.  
d c e  were placed on a synthetic dirt Containin# 8dfUuxidha ud 8uppleumt.d 
with  a l l  l c b m  vitamin8 except ?A. Tho I r f a  -re t ba  i.Jmtd r i t h  I, dorm 
of radioactive phosphate in the midlethal m e .  
percent of rvrrivd.8 and in the average t fnw of r m i r a l  #a obmrved, vhsn 
calcium pantothenate y.8 added to  the deficient d i e t .  

A marlrod incruare in toe 

In other experiments, the e f f e c t 8  of various aaents which might be cxpectod t o  
enhance the r n o b i l i u t i o n  of the isotope, i n i t i a l l y  dtporited in the bowr, 
were tested. 
inactive pyrOphO8phte, or ai a Ctuhting c 

no improvement y.8 observed in tho 8 ~ r V i V d  of  the anirrlr which bad received 
8 rd .1  done of ?32, 3 or 4 week8 b e f a n  the l e t h l  do80 of the radioisotope. 

Hcwever, after introduction of dihydrotachptarol (AT-IO), of 
ound (vorieno), no iipifieant 

protection againat the injuriow action of r3 "fl could be dotected. Lik&8@, 
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X Protective Role of Pyridoxin Against the Toxic Effects of P3'.* (19-422) 

I n  a continuation o i  our  s tud>-  on the efiiects of internal radiation bv P':- ~5 related 
to various dietary factors(Ij), the role of 

c, DOH.N, This nas performed under a con- pyridoxin has now been investigated. Mter 
+Technical assistnna was given by J.  Gilts and 

tract between V. S. Atomic E n e r y  Commission and __ 
the Bowman Gray W o o l  of Medicine. The Ps2 was presented before the Southeastern Section of the 
was obtained from the Oak Ridge National Labora- SOC. Em. BIOL. AXI Mm., Atlanta, Ga.. Jan., 1952. 
tories. Desoxyp!-ridosin was graciously supplied by t Present address, Department of Biochemistry, 
Merck and Co., Rahway, X. J .  A preliminary report L-niversity of X. Dakota, Grand Forks. S. D. 



I'HI ITE<.TICiS B Y  ['YRIDOXIS .\GAIXST p':2 

ahole body irradiation of mice rvith mid- T.\EI.I.: I. s u r \ i v : l !  of Mice III,jeC:ed a i t h  P' 
, I ;  yx '  g ,  :i1,,1 \ I : i in rn incd  on :L Lcjx Protein Diet lethal doze.;. oi X-ray=. la rne  3mrj~nt.; of pyri- 

t h e  present experiment> w-hen pyridoxin ~va.;. , 8 f  ~ l ~ ~ < . ~ .  111 # l i t  1 i i i i0 . t  < >  

added to a pyridoxin dericient diet with a low ;~~;- - 24  Ii 1 2  2 2.8 
protein content, no change in the survival of I, t 

III,': 34 ) . +  

doxin prolon'lrd the s i i n i v d .  bi;t iiiil not 
iiiiprove the anemia and leukupcnid(3 ) .  In l , r , , l l l , *  ~ ~ ~ l . i , l ~ , x l l l  s,,, , , f  

1 .i ti; 30 2 2.5 
11111 12 - 12 mice injected with P3? was detectable. On the %.: d : t 1.' 1uu I" 

other hand, a marked degree of protection by 

ficiency was made more severe by the admin- g " : ' u ~ ~ j u e s  preceded e are stand. errOTB of 
istration of a pyridoxin analog (desoxypyri- 

crease the requirements for pyricbsin (high 
protein diets(5) with added cystine or meth- 
ionine( b ) ) . 

the vitamin became apparent when the de- * Tiunt. rlf 507' d1'3ths W39 > 4 2  d:a!.3 fo r  all 4 

tlir ~ne:ins. 

TABLE IT. Snrrival of 

doxin) ( 4 ) ,  or by diets which presumably in- : Coutrol g r o u P  not injected n i tb  pa. 

r i t h  
(: p r ,  ci ann 3Iaintained on a LOW Protein Diet 

I 1)iet 34) with Added Desox?-pCridoxin. - = -- 
>; 'i 

- -=I 
I - Expcrimcntal. Two basal diets were em- LI - - E -  

.r= = 5 9.2  : >  .- 
A .  

3 1  
.- - ployed, one with a 5% casein content (Diet - - -  - j  'y 1% 34( l ) ) ,  tbe other with a higher protein level . 

i- -.? =.= . - c  ;*I. h 5 %  = -  ?az2 
.- .- 

(Diet 41. containing: Casein 30 p.p. 100, ;.E - ?-I .- 7. L E <  I., <;- 

destrin 29.5, sucrose 29.5, Crisco 4. cod liver - 4 t i  13 15 1G e 1.4 :I 

c: - 39 >42 5;  3 8 2 1 . 5  
(1: i 1 3  >1" IW 12 

oil 1, Ruffes 2 ,  salt mixture (U.S.P. S o .  2 )  4 ) .  b + 16 >.I.' ;I 3421.9 
-1 mixture of B vitamins(2) from which pyri- 

the diets. Six series of esprrimenti were made I '  - 2; > 4 ~  -!I 30 f 1.5 
/ ' _  - 21; 4 1  9.; 36 2 1.5 on a total of j j S  male albino mice. placed un- 

1,; .'.> _ _  .'.,+Z.i -- - der exprriniental conditions Mhich h;l\.c been 
1, + 1s >-I2 76 3 6 2 2 . 2  

dmin  had been omitted. xas  incorporated in ~, ~ - : I /  1 4  - "I 2 0 5 2  

- 1\ \ . I '  

described( 1 . 2  ) .  In each series of experiments < .  - :4 > 4 2  92 3921.4 
the animals were distributed in 1 zroups: 'I. - 
0. h. c. and d. .\I1 1 goups  received the same 
diet and the same supplemen:.. escept that 
pyridoxin HCl ( , I  mg 100 g oi diet ?iiile+- , 

otherwise indicated) was  added  to the diet oi 

.4: 18',8 4: 1 . I  i _  , .  

y 7 ; T q  dit. 
(i . by\ .pvria  

. \ . l : L l L 3  

: ,: ,.,, I F r , , l  g,.c,ul,. 
1 1 , .  111.. 

in,,. ,,.ith p- 
croups 0 and d only. -\iter 3 tu 10 days on t ) ,  -(tsyp?-ridc>xin 1.5 mg/lOU g die:, t r r  9 d 3 ~ 3 .  

" 
esperimental diet. the mice of croups Q , J 

nnd h were injrcted intrs!,criti-inclllly with a 
2ulution oi radiuactive SalHP"04 ( 5  or 
pc o )  and kept under c l b w v a t i ~ - ~ n  fnr  42 more 
days. Croups i and d were used as controls 
and observed for the same length oi time. 
The criteria previoucly u.;ed as an indication 
oi the toxic effects oi the isotope( 1,2 j were 
applied also to the results of the present ex- 
periments, except that in computing rhe aver- 

was ascribed to the mice still alive at the end 
oi the esperiment. 

I n  the esperiments of Series I 
(Table I)  supplementation of the low protein 
diet with pyridoxin did not alter the survival 

oi the mice injected with p;:. The controls 
maintained on the pyridoxin-densient diet and 
not injected with the isotope grew fairly d l  
and did not show skin lesions, thus confirming 

indications( that. unlike the rat, 
the mouse on a loqr proa~et 
does not develop symptoms of pyri- 
dogin dehciency. In the experiments of 

low protein diet contained desox~ppvridosin, 
survival figures were higher in the groups in- 
jected with P32 and receiving pyridoxin, b 
addition to the anti-vitamin. Similar differ- 
ences between the groups receiving or not re- 

age length of survival, a survival of 42 days Series 11, 111 a d  N (Table 11) in whj& &e 

Results. 



- \';Ilues preceded by 2 are  the  stand. errors of 

t C ~ k i i t r ~ ~ l  groups not in j .  with P3'. 
: Cyst ine i .3  g i l 0 0  g d i e t )  fi lr  5 2  days. 
$ Methionine ( 3  g/100 g d i r t )  for 4; da!-s. 

:he n 1 ~ ' : l U s .  

TABLE I\-. Stat is t ical  hpprnisnl of the Protec- 
t i o n  t,? I 'yr idoxin .4p:linst P" T<jxii.!ty. 

:3orJc casein 

pyridoxin ino ncids 
~ -~ ___~.  ~. ~ ~. 

\-. . , t ! I t : ,  , I 1  I. \ V i T ) l  1'- 1.; 1 e! 

\ - , . . , f < , i ! -  ' Cl , , '  4 1  24  
. .  , .  I. 

21.7 Ilay i P' < .01 < . U l  

I l ; K L . \ ' , t < ' l ,  I I = ! . i . . *  I"-.:'>. - 
:I41 !;;..,.<I 
111 c': I I,. 

\ 2 ,:- , . r' 
t ' /  1 ' ._  . , I  ' , . 

, q  ( P' < .!'I .., - 
~ ~~. _ _ _  _ _ ~  ~ _ _  

. !  

ceivinz pJ-ridoxin are apparent (Table 111) 
in the experiments with a high protein diet 
supplemented with cystine (Series V ) ,  or 
methionine (Series V I ) .  In  the pyridoxin de- 
dencient groups oi all 5 Series ox esprrimrnts 
acrodynia appeared early and often pro- 
gressed to the almost complete 105s oi hair .  
Growth of these mice was also definitely im- 
paired. For a statistical evaluation, the re- 
sults of the experiments of Series 11-IV. or 
Series V and VI, respectively, have been 
grouped together. The  average values from 
the groups a and b were then adjusted on the 

basis of the data from the corresponding con- 
trols uhich did not receive the isotope (groups 
i ~ n i f  ri I .  Thr +icni~icanie oi t h e  diiierences 
' w t \ w r n  these ad iu t ed  n ~ r ~ n n . ;  XIS t h e n  esti- 
mated. u i i n z  the Chi2 niethod ior the number 
oi su r \ ivo r s  a t  the Zlst day and the t test of 
significance ior the averace lensth oi survival 
(Table 11-1. 

Discussion. I t  is apparent that the admin- 
istration of pyridoxin to mice which are actu- 
ally deficient in pyridoxin exerts a significant 
protection against the injurious effect of P82. 
This protection is of about the same degree 
as that observed previously with the combined 
administration of vitamin B1? and folic acid 
to mice! placed on sulfasuxidine-containing 
diets and injected with P3? ( 2 ) .  It is possible 
that both groups of findings may be due pri- 
marily to a beneficial effect on the recovery of 
the bone marrow. although evidence for a spe- 
cific role o i  p!-ridosin in erythropoiesis is 
somewhat equivocal and restricted to certain 
animal species (see. for instance(8)). On the 
other hand. atrophy of the thgnus  and 1 ~ -  
phoic! tissue accompanied b!. changes in the 
white blood cells is a striking and constant 
tinding in  acute pyridosin deiiciencyf 9 ) .  I t  
is tempting to compare our present observa- 
tions with others( 101. suypestinz that the in- 
tegrity o i  large sections of the lymphatic s?+ 
tem (as by lead-shielding the spleen during 
exposure to S radia:ion) increases the sur -  
%:i\.?! ' j :  132 3~.irn31< .i?d hasten; reienera- 
:ivn oi hemopoietic tissues. 

. \[ice placed on pyridt-).;in-iree 
clirts were injected n i t h  a sinzlr ~ u . - c  oi radio- 
3ctiI.c ;-it,i-phate I .;-b U S  ? ) ,  I n  the anirn;ll_; 
rnsintainrd n n  3 low protein diet (in which 
symptoms oi vitamin denciency did not ap- 
pear). the administration of pyridoxin did not 
affect the survival. On the contrary a marked 
protection by pFridosin against the injurious 
effects of Ps2 was observed in e.xperiments in 
which the vitamin deficiency had been nude 
more severe by adding a pyridoxin analog 
(desosypyridaxin) to the low protein diet. or 
by increasing the requirements for the vitamin 
(high protein diets with added cystine or 
methionine). I n  these experiments the differ- 
ences between the groups receiving and those 

. .  



not receiving pyridoxin were larger than the 
differences which might result from a simple 
additive eiiect o i  the i n t e r u l  r.iJiLitilin .inti 
vitamin deficiency. 
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s remrt on t h e  research 3rnject  

.ed by t h e  Atomic Ehergy Commission, 3 i v i s i o n  of  3 i c l 3 c ~ r  qnd Fed ic ine ,  
o n t r a c t  No. A'-(40-1)128~, ' i t l e  11, \*:i-x the i30iman ?ray School of 
e of Lake F o r e s t  "Jo11e;e. 

l e a d e r :  3r. Carni l lo  Artom 

e p r e s e n t  r a ? o r t  covers t h e  work done from ?!arch 16, 1952 through 
J,11953. This xork  i s  a d i r e c t  c o n t i n u a t i o n  of  t h a t  p rev ious ly  done 
3 a i d  of t h e  Atomic & e r a  Commission and summarized i n  my progress  
of March 16, 1952. In  a d d i t i o n  t o  t h e  w r i t e r ,  t h e  fo l lowing  i n v e s t i g a t o r s  
pated i n  the research  work fa r  v a r i o u s  per iods o f  t i m e :  
o f l m d ,  ?h. D., and F. Crowder, 1.. S o , ,  Tec:xical a s s i s t a n c e  was 
y H, Pollard, B, A., B. Blue, B. A., and J. Girard. 

l e s e  Khib the r e s u l t s  are  not conclus ive ,  it i s  felt t ha t  t h e  data 
1 give usef.11 i n d i c a t i o n s  f o r  t h e  f u t u r e  develo?ment o f  t h e s e  inves t i za t ioEs  
was nDt : o s s i c l e  70 obta in  c i  p r e 2 a r e t i o n  ~ f '  l a b e l e d  ethanolamine 

c of tir.e did not permit t o  s t u d y  t h e  synthesis o f  t h i s  compound i n  

v 

.. 

J r a t o r y .  
m l e d  g l y c i n e ,  some i nd ica t ions  m r e  obtained concernin-  t he  
- a t i o n  o f  etr.a..-olanine i n t o  ; r t c s p o l i p i d e s  . 

Only i n  a few exser iments  i n  wkich l i v e r  , r e?a ra t ions  were incubated 

d e t a i l s  on each group of i n v e s t i g a t i o n  a re  ziven belm.  

3 of c h o l i n e  in  the oxida t ion  o f  fa t+ ; ;  ac ids  i r ?  t?:e i s o l a t s d  l i v e r .  

i n d i c a t e d  i n  :he ?reposed > l a n  :f izTJestl .-azion, t'r.e a c t i o n  o f  c'r.elize 
;a preouroors in preventing and o w i n g  fatty Ilirsra ( l ipotropie aeMon) 



-2 - 
d a t i o n  of t h e  f a t t y  ac ids  i n  t.he l i v e r  itself, 
n each  ex9erimenr 
. :9 l i v e r  i:): 2 to -- ~ 2 ~ -  yL' ,  xa in ta ined  52: -  5 - 2  s r . e  ler,,=Jtli ,J: ~ 2 - z  e s  
;.Et ciieis,  siic.5 1 s :  iz,- a loti _rr:,tein, c. ~ l i ! . s - ~ e : ~ c ~ e : ; ;  i i e z ;  s r  

.ed v e x t a b l e  - and miIm:?l a r i c i n  - ( s tqck  d i e t ) ,  In x o s t  s x p r i n e z t a  
' t r - e  arimE).ls was also iL jec t ed  vyi:h ;.reline S l p - 2 r t l ; j  r,cfore dezth. 
ices a n d  nomogenates were then incubated w i t h  s t e a r i c  o r  ?a lmi t i c  
a b e l e d  w i t h  C14, t h e  C1"OZ produced dur ing  t h e  incubat ion  wes c o l l e c t e d  
;s r a d i o a c t i v i t y  was determined, 
-n a f i r s t  group of experiments, t h e  r e s * d t s  shuwed t h a t  s l i c e s  o f  t h e  

s l i c e s  o r  h o m o p ~ a t e s  m r e  ? r e a p r e d  sic. . ; l taneously 

' )  . ,, . . 

low L , r c t e i f i  i i e t ,  s-i;:.lezer,T,eci i x -  crLol ine ;  o r  ( c ) -  an .,dsr,..:ete i i e t  

of r a t s  on t h e  lovr p ro te in ,  c h o l i n e - d e f i c i e n t  d i e t  produced much less 
from added s t e a r a t e  t?zn s l i c e s  o f  r a t s  on t h e  s t o c k  d i e t .  
h i g h e r  v a l u e s  of  Lsoto?ic CO, were obta ined  w i t h  the  l i v e r s  of  r az s ,  
he low p r o t e i n  d i e t  was suaple_mented w i t h  cho l ine .  h e n  more marked 
ses i n  the fo rma t ion  of  C 1 4 0 2  were ob ta ined  with the l i v e r  of  chol ine-  
sEt rats which had been i n j e c t e d  with a l a r g e  dose of cnol ine s h o r t l y  

.ed after s h o r t  ( 9  days) - as we11 as a f t e r  prolonged periods (up t o  6 months) 

sd f r o m  r a t s  r e c e i v i n g  o r  not Seceiving cnol ine  were ?.Lite s i z n i f i c m l ,  
2 c t i v e  ci' -,.le y.etno,i - x e d  f o r  ex2ress ing  t h e  resiALzs ( ? 2 y  3ne -:? c? t l s s . - i e ,  
3 2:- \. of I:, i n  t h e  ~ k - 9 1 . 0  l i v e r  o n  2. ICIG~F, r a t ) .  
=: a second se r i e s  SZ exceriz-er ts ,  s i m i l a r  res.-n1;s -:.-ere c o t a i r i s 2  S L  L - -  .;sin,- 

On the o t h e r  

de;..tl-, 

137;- Z r o t e i n  j i e t .  -2 ~ 1 1  expe r ixen t s ,  d i f f e r e n c e s  betv:*?en t h e  vEl'ies 

3 s  e f f e c t s  of  ciioline, i n j a c t e d  o r  ad2ed t o  t h e  d i e t ,  were 

. .  

\ --e&-? - - d v d J  =f The l i v e r  : , i x s ~ $ z d  .:f s l l ; s s  ;, c? find.iF.-= -:-hick i,-,dicatez -:+-?I 11 ,3- 

.> d~ " ai1':'erences i n  -,he -zr=ciJ;;tion o i  1 ~ 1 ~ 0 ~  C P J K O ~  se ~ . s c r ~ 5 9 c i  t3 :::':~~reyLs~s 

T, 2- t:-Li rd s e ~ j : ? ~  r ? Px?e r i ?en t s  x l m i t p . t e - 1 -  -. ,1 .- _ V L  - _  L e ,  

. .  - - - -  

- 
:- ATl r  L 

2 ay;:Acz;ilit;: o f  c e l l  zxn'urrncs. 14 
y $ l s  7's"' c - - m 

~ ~ j - i z l l ; .  i , 2 ; . ~ ~ - ~ i c ;  1 e l ' i e c ~ s  yrere :2'z-- i  VS-L_"L.)  1-n- - 7  - -.- -.-o.;. -r. 11: 
rats were -Jsed, and i n  mese  mlimals a?;xrez:ly ni .-ner a o j e s  GI' cncl ine  
e q u i r e d  i n  o r i e r  GG e n i r m c e  fa-cq- a c i d  oxida,io:~-. 
he l ack  o f  xt i l lverse  2 a r d l e l i s m  between 'he r a t e  o f  Droductior, o f  
'=.E< t :--e z::oi_lnt of li-,-er r ' z t  e,ycl.L;gs L,)-s >oeci~ilit- z--: :::e rnsy.'_ts 
erely due t o  i s o t o p l c  d i l u t i o n  o f  the added fatty acid,  
is 2oi:it -:;as o b t a i m u  in an ~ d i t i 3 r i 2 . 1  s e r i e s  of e q e r i T e s t s  Y - ~ z - ~  rrzsk32 
les o r  mi tochondr ia ,  prepared form t h e  l iver  of chol ine  d e f i c i e n t  rats, 
ing, o r  n o t  rece iv ing  chol ine r e s ? e c t i v s l y .  
parations f r o n  tl?5 l a t t e r  a n b - d s ,  a l though t h e  previous washing o t  t h e  
les r e s u l t e d  i n  the  almrjst complete e l i m i n a t i o n  o f  t he  excess f a t  acc-mulated 

y ; y L  resI:.lts 01 3 x e r  experins::s; it a? -.e?-rs T ~ Y P . ~  t k 9  rociuc',ior_ s f  

s t r r t i o r ; ,  res?ecti-Jel;,  - ir, f r e  sxr-9 xLw-z-sr P.S i r s  rod;xtl;n c r "  
- *  -- -i+r,:; .?cl3ition 9,t" sksl ice  fo l i v e r  s l i c e s  ZT k o ~ c ; ~ ~ ~ ~ t e s  - d i d  205 nr?r;-rc~ 
acid oxidct ion,  

s compound, o r  con?ounds, should be the aio o f  future  investlgatiors. 

- f' :.z ex?erkAen%s 

, .  , . .  . -  

Yore d i r e c t  . .  evidence - .  

':.iuck: l e s s  C1402 was prod-2.ced 

iT) 

23 
tissue. 

1 -  

t o D i c  - a c e t o a c e t a t e  VTZS a f f e c t e d  by cho l ine  d e f i c i e  CY, O r  chol ine e-.! P ,G2 , - . ,  

c 

.-- This f i n d i n g  s t r o n g l y  s u z z e s t s  %hat  the ac t ive  S ' i b S t m I C e  

choline, but some o the r  ccmpouna formed i n  v ivo  f rom choline, I d e n t i f i c a t i o n  

temedia te  Stages of % o s p h o l r F i 6  in th Tsolzif%d Liver 



lic Pathways of the  Metabolisrn o f  Choline i n  the Isolated Liver. 

IUS experiments wi th  methyl-labeled chol ine indicated t h a t  t he  f o l l m i n g  
ir3 among the  probable  metabolic products i n  l i v e r  s l i c e s  and homogenates: 
zine, trirnethylsmine oxiae, be5aine aldehyde, betaine,  a d ,  i n  addi t ion,  
Lrge amounts of an ~lllknmrn compound, o r  compounds, from which choliae 
3rated by a k e l z t i v e l y  s t rong hydrolysis ,  Attempts to separ..te these 
3y va r ious  m a n s  have been thus far only p a r t l y  s u c c e s ~ f u l .  We are  
a y s t e x e t i c a l l y  p a p r  chromztograpny and o t h e r  adsar?t ion and p a r t i t i o n  
an effort to i d e n t i f y  the k k n o w n  compounds, and to estimate t h e  r e l a t i v e  
-f c-ese i c i l v i d u a l  I - ~ ' ; E  .-olis ?P.s~:~::-s ~n_c?r  v s r i ? L  expri-3:-2?1 coxi;Loxz , . .  

-,- ._I C W  



3oration of Dimethylethanolamine i n t o  Phospholipides of  I so la ted  
- Tissue" 

Croyder and C. Artom, Federation Proc., ii, -- 1 9 9  (?arch 1952)  

laehyde-9ruvate Condensing Ehzymek" 
C. LEitchell and C. Artom, Fsderation Proc., 11, 2 6 1  (March 1952) 
C o n m m .  2nd Intern. Congr. Biochem., F-38 (&:is, July 1952)  

.onal reports on t h e  subject mentioned under 6 )  are also on the programs 
;in;s of tlie FederaZion 2f t n e  Aierican SOC. f o r  ExFer. Biology 
a r i l  1953) and o f  t k e  19tn Intern. Congress of physiology 

ts. c d  
C. Artom, Me D e  



s o r e d  by The Atoxic hbersy Com.issior1 Lacier a i r e c t  c D r , t r a c t  AT-(4C-1)-235, 
-e II, w i x  u l e  ilovnxm I r a v  a c h a o l  c f  ... edicir-e .  

: c i p d  inves t iga tor :  Dr. Camillo Artom 

w* u b a- 



Incorporation of labeled dimethylethanolamine 
in phospholipides of isolated liver tissue. 

D e p t .  of Biochemistry, Bouman Gray School of 
M e d i c i n e ,  Win ston-Salem. .V .C. 
Slices or homogenates of r a t  liver were iocu- 

bated with C"-methyl labeled dimethylethanol- 
amine (DXIE), Considerable am0unt.s of the com- 
pound were incorporated directly into the 
phospholipides without previous methylation to  
choline. This finding parallels those of previous 
experiments in vivo (Federation Proc. 8: 180,1949). 
In  oxygen the apparent uptake of D\IE by the 
lipides is greater w i t h  liver slicrs from rs:s on 
methyl-deficient diets t han  from ra ts  on a stock 
diet .  Homogenization reduces but does not sup -  
press t,his uptake. With both slices or homo- 
genstes the amounts  of 1)JIJZ incorporare i in 
the lipides a r e  greater in nitrogen t h s n  i n  ox:. p n .  
T h e  process is markedly ir:!Lik\i:ed by betsine 
a d d d  in ci'lro, less markpclly by methinninc. The 
above findings will be c o r u p n r c ~ l  w i t h  those previ- 
ously reported for the incorporation of la' . ied 
ptiosphatt. i . l .  Bioi.  C . h t  r ~ !  193: 47;;. 1951. s n i l  
I r t 1 ) ~ l d  choline (Fiiir v t f o r 7  I ' - U ~ . .  10: 157, 
into the phospholipides of isolated liver tissues. 
~ . 4 i ~ . i e ~ l  b\- t h e  3Isrkle  Fuuridation and by the 
U.  S. Atomic Energy Commission, Contract So .  
AT-(-IO-l)-?88, Title 11). 

1\.fARIETT.4 C R O W D E R  AND C h M I L L O  ;\RTOM. 



Formaldehyde-pyruvate condensing enzyme. 

Dept. of Biochemistry ,  Bowman Gray School of 
Medicine, Winston-Salem, N .  C .  
T h e  widespread occurrence in animal tissue of a 

formaldehyde-pyruvate condensing enzyme has 
been reported (Federation Proc. 10: 224, 1951). 
We have studied further the properties of this 
enzyme in partially purified preparations (‘large 
granules’ of rat  liver). Our previous data on some 
char,qt’t eristics of the d d i t i o n  product (s) have 
been confirmed and est.ended by the use of Cl*- 
labeled formaldehyde. It appears now that the 
enzyme is different from the diphosphothiamine- 
metal-proteins cxtslyzing the formstion of acyl- 
oins from other aldehydes and pyruvate. $‘ ,-ince 
in  the reaction hetu-een formaldehyde anti pyru- 
v:tte. no CO? is evolved, it scenLs likely tha t  t h e  
initisl product is a four carbon compound from 
which other coxpounds can be formed enzymat- 
ically or non-enzyrn:itically. (.iided by the U. S .  
Atnmic Energy Commision,  Contract S o .  -4T- 
(40-1)-2SS, Title Ilj. 

h1ARGARET c. MITCHELL* AND CAMILL0 A R T O M .  





Reprinted from Phosphorus .Hclabolism. Vol. 11. 
cditcd b\ \\*illi.irn D .  McElrov and Bentlev Glass. 
I-lir J o h n *  ItoiiLins Press, Baltimore, 1952. 

b . 
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BECAUSE OF LIMITATIONS in time and space, only certain aspects of 
our subject will be considered, namely: (a)  the pathways and 
mechanism of phospholipide formation, (b )  the differences in the 
rate of synthesis in various tissues, and (c) the biological purpose of 
phospholipide formation (in other words, the functions which may 
be ascribed to phospholipides in animal tissues). Even within these 
limits, it Kill be possible to discuss only a part of the many recent 
contributions, and I hope to be forgiven if, in making such a neces- 
s u v  selection. the results obtained in our on-n laboratory are given 
special attention. On the other hand, I am confident that ser-era1 of 
the points n-hich I have omitted or mentioned only too briedy, will 
be discussed more adequately bv other participants in this svmposium. , ,  

BUILDING BLOCKS 

The esperimen ts with various labeled compounds introduced into 
intact itnirniils clcJrli- indicate that phosplioiipides are rapi!'v svn- 
thesized f r o m  tlicir constituent parts. but the\- do n o t  exclude the 
possibilit\. of ;f partial svnthesis in certain 1oc;itions. completion of 
the whole molecule occurring in other tissues. Direct evidence for 
the complete svnthesis of phospho!ipides in one site could be 
supplied only - ,  by experiments on isolated tissues. The incorporation 
of P','-ldbclcd phosphate into the lipidcs of liver slices n t s  first 
described by Robinson et al. (121), and similar findings were 
reported bv the same group of workers for several other tissues 
(69,139,81, 126,53). In the experiments of Pihl and Bloch (112) 

. ,  

'Most oi o u r  recent work has been done Xvith the aid of the J.  and M. R. Markle 
Founilntinn .in.! of the L', S .  Atomic EntrFv Cnmmiqrinn Part of this msterial has 
brc-n Frehrnt:,! J I V I  .it J Synipo.;lum {in LiFicic; ( R .  G ~ ~ ~ u l c i  Rr-sc-~irili F1 
Rochester. N. Y., Sept. 1950) and at  the 10th Conference on Liver Injury (Josiah 
h l s q .  Jr.. Fnund.i?ion. S e w  E'nrk. hf3v 195 1) . 

203 



2 04 PHOSPHORC'S A l E l A  BOLISitI 

on liver slices incubated n.ith C"-acetate, a notable proportion of 
the nen-ly formed lonq-chain f a t t y  acids \{.as found to be present 
in the phospholipides. cThe introduction of labeled choline into the 
phospholipides of liver slices and homogenates has recently been 
demonstrated in our laboratory (20). The hypothesis that in these 
experiments the presence of the isotope is due to a physical exchange 
between the labeled compound and the corresponding radical in the 
phospholipide molecule is disproved by the results of control experi- 
ments in which the labeled compound is incubated with boiled 
tissue, or added at the end of the incubation period. Moreover, the 
incorporation. of phosphate into the phospholipides is reduced or 
suppressed by conditions, such as homogenization of the tissue, 
anaerobiosis, or addition of respiratory inhibitors, which do not 
impair the hydrolysis of phospholipides. As pointed out by Chaikoff 
( 5 0 ) ,  this n - o d d  also rule out the possibility that the results can 
be ascribed to the reversibility of hydrolytic reactions, a factor which 
is certainly small from the quantitative viexvpoint but n-hich cannot 
be dismissed a priori, because of the high degree of sensitivitv of 
the isotopic technique. There is, therefore, little doubt that the liver 
and pro!xbly m m y  or all other tissues are capable of carrying out 
the complete si-n thesis of a ph: isphnlipide mi~ieiulc  proi.l.lc,! that 
adequdte amounts of its building stones are supplied by the diet 
or bv svnthesis in the body. 

HigH? uusntwnted fntty ficzd.~, In this respect it seems unlikely that 
a deficiency of phosphate, glycerol, or fatty acids may represent a 
limiting factor in the formation of phospholipides in intact animals. 
The only reservation on this point is suggested by the presence in 
the li\.er phospholipides of relatively large amounts of highly unsatu-  
rated fatty acids with 20 or 22 carbon atoms. These fatty acids are 
apparently not synthesized by the animals and must therefore be 
provided in the diet. The avidity with which such fatty acids, when 
present in the diet, are taken up by the tissue phospholipides, and 
the tenacity with which they are retained when the animals are 
transferred to a diet poor in unsaturated fatty acids, have been 
clearly shown, manv vears ago, by R. G. Sinclair (129). 

. ,  

, ,  
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~ i / ~ . / ~ ; f J ~ . ~ ~ / ~ i ~ ~ ~ .  A s  f o r  ;ii..iiI&iL?iIit\. o f  ihc nitrogenous c.onip)ncnts 
of phospholipidcs, nothing is known  :iboi:: the synthesis of s p h i n p -  
sine. The formation of ethjnolamine from glycine and serine \\.;is 
clearly proved in the earlier experiments of Stetten with N"-labeled 
compounds (133). T h e  more recent evidence indicates that glycine 
is an immediate precursor of serine (Sakami, 1 2 2 ) ,  but that ethano- 
lamine is formed only or chiefly by decarboxylation of serine. In 
some unpublished experiments from our laboratory a-(?*-labeled 
glycine was incubated with liver slices, and the lipides were extracted, 
fractionated, and hydrolyzed. While the isotope was distributed 
widely among the various fractions, including cholesterol and the 
fatty acids of both glycerides and phospholipides, the ethanolamine 
contained as much as 30 per cent of the counts present in the lipide 
extract. In intact animals receiving serine labeled in the p-carbon, 
the ethanolamine isolated from the tissue phospholipides contains 
appreciable amounts of the isatope (Levine and Tarver. 9 9 ) .  On the 
contrary, none was found after glycine labeled in the carboxyl was 
given (Greenberg and Harris, 83) .  Liken-ise in rats injected with 
a-C'-'-glvcine, W'-glycine, or P-C"-serinc. the isotopes n.ere present 
in both the methyl and the cthvlene moieties of choline. After ad- 
ministration of carboxyl -Inbeled c- qlvcine, . chi-)!ine \\.as totallv inactive 
(Arnstein, 4 ) .  

Weissbach (1 54)  has recc-ntlv reported that after administration 
of ethanolamine douhlv labeled n.i:h C: and C" thi-sc 3ioms 3ppe:ir 
in the glycine moiety of hippuric acid and in carbons 4 and 5 of uric 
acid, n-hich are knoLvn to be derived from glycine (Buchanan et al., 
44) .  Since in the earlier experiments of Stetten (133) the nitrogen 
of ethanolamine proved not to be a precursor of the N of glycine, 
it seems logical to postulate a sequence of reactions. starting with 
the formation of glycolaldehyde by oxidative deamination of ethano- 
lamine, Glycolic and glyoxylic acids have been shown to be con- 
verted very rapidly to glycine (Weinhouse and Friedman, 152) .  
These views are illustrated in Fig. 1. 

Cholirze. Current hypotheses regardin? the biochemical relationships 
between ethanolamine, choline, and betaine are summarized in 



Fig. 2.  The present scheme is similJr to the one drai1.n five i a r s  
ago by Jukes, n.ho has also dlscusscd in sonic detail the evidence 
for the various steps included in his scheme (89). I mention here 

coo CHO 
GLYOXYLATE 

COC CH[NH,+I CH,OH 
t 
t 

c o ~ C H z O H  

SERINE GLYCOLATE 

cno C H ~ O H  
GLYCOLALDEHYDE 

NH:-CHt CnZOH 
ETHANOLAMINE 

Bl  OCH E MI CAL RE L AT ION SH I PS BE TWEEN GLYCl NE. 
SERINE AND ETHANOLAMINE 

FIG. 1. 

B I OCH E 'vi I CAL R E  L L?ION SH! PS BET W E E Y 
ETHANOLAMINE. CHOLINE AND BETAINE 

FIG. 2 .  

only the fen. changes which are suggested bv more recent investi- 
ga tions. 

The concept of a pool of labile methyls to which a number of 
different methyl donors may contribute, and for which various methyl 
acceptors n.ould compete, appears now to be questionable. The 
results of Cantoni (48) and Vignos and Cantoni (148) strongly 
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SU,, (.(Test J transfer of methyl from a given activated donor to a given 
acceptor, each reaction being catalyzed by a specific enzyme, or 
enzyme system. As for the stepwise methylation of ethanolamine to 
choline, it should be pointed out that evidence for such a process 
is still quite indirect and perhaps susceptible of somewhat different 
interpretations. If the scheme of Fig. 2 is accepted provisionally, 
the data of Noland and Baumann (108) on the choline requirements 
of roaches may be of interest. These insects fail to grow or survive 
on a diet without choline. Choline may be substituted by betaine, 
but not by ethanolamine, methionine, or dimethyl ethanolamine 
(DME). However, the last two compounds given together are 
partially effective. I t  would appear, therefore, that at least in these 
insects the transfer of methyl groups to ethanolamine and methyl 
ethanolamine may occur from betaine but not from methionine. It 
may be noted in this respect that previous results on the synthesis 
of choline by liver tissue incubated with ethanolamine and methio- 
nine (Steensholt, 132; Barrenscheen et al., 37) have been ques- 
tioned recently (LTeitch and Zxeig, 1 4 5 ) .  

For some time dimethyl ethanolamine was regarded both as a 
precursor of choline and as a product of its demethylation. In  the 
present diagram instend: dimethyl glycine is indicated as the product 
of the demethylation of betaine, and as an initial step in the con- 
version of be t ine  to glycine. Evidence for thc latter process has 
been L- given bv Stetten in rats fed betaine labeled with N15 (153 ) .  

The concept that betaine rather than choline acts as a direct methyl 
donor was first suggested by Dubnoff (62), who showed that no 
methionine \vas formed from choline and homocysteine, incubated 
niith the liver of rabbit, guinea pis. or chick, which contains little 
or no choline dehydrogenase. More direct evidence was supplied by 
Muntz (107) in experiments on rat liver homogenates incubated 
with homocysteine and N"-labeled choline. A high concentration 
of N15 was present in the dimethyl glycine fraction, whereas none 
was found in the dimethyl ethanolamine. W e  have also failed to 
detect any activity in this compound after incubation of liver slices 
with C"-methyl labeled choline in the presence of DME as a carrier 
(Artom and Crowder, 18). 



D/n~t I / ) ) /  I ;/?.[i;,,!.,)/!i~)~ . Thc reslllts o f  S O ~ T I C  ~t o u r  experiments 
on intact rdts may bc comiclcrecf in line u . i t h  the interpretation 
mentioned above (Artom and Crolvder, 1 7 ) .  After the administra- 
tion of a large dose of DhlE, notable amounts of the compound 
were present in the lipides as well as in the aqueous extracts of 
liver and muscle. This was taken as an indication that the disposal 
of DhlE in vivo is sufficiently slow to allow its detection, if at any 
one time large quantities were produced in the tissues. O n  the other 
hand, after similar doses of choline were given, neither free nor 
combined DhlE could be detected in the tissues (Table 1). 

TABLE 1 

E X T R A C T S  OF R A T  L I V E R *  

D M E  IN AQUEOUS AND L I P I D E  - 

Substonces 
Administered 
(1-2 m M )  

Hours Af te r  
Admin is tered  

ME (micro M) in Liver 

Aqueous 
ex t rac t  

0 
47 

35 
I10 

2 5  
0 
0 
0 

.ipide 
ixtract  

0 

20  
70 
29 
90 
0 
0 
0 

x p 3 t s  on cho l ine -def ic ient  diets 
st 3y in t roper i toneo l  injection 

Attempts to demonstrate the presence of DME in the hydrolyzate 
of the phospholipides from the tissues of rats under various dietary 
conditions were unsuccessful, a result indicating that DME is not a 
qu ,.in t i tat iv t: 1 y irn p c)  r t a 11 t con s t i tu  en t o f p ho s pli o 1 i p i d e s , e v en v- h en 
the dietary supply of methyl donors is restricted. Levine and Chargaff 
also failed to detect DhIE in their analyses of the nitrogenous 
components of phospholipides by paper chromatography (78). 

DME added to liver slices causes increases in the oxygen consump- 
tion which are smaller than those found after the addition of choline. 
No increases occur n h e n  DME is added to liver homogenates 
which still oxidize added choline very actively (Table 2 ) .  Part of 



the DAIL AJL!C.J t i )  !i\.t.r Iioniogcii,itt.. dic.ippt'.irs i n  OSI . C  :en but not 
in nitrc)Scn ( . i r r t o m  ;11ici Croii.Jcr, I O )  . In ;iiiolhcr jerics of esperi- 
ments (CrwiJer .md Artom. i o ) .  i i i  \i hich liver slices \\-ere incu- 
bated with DAlE labeled \\.it11 C!' in the methyls, only minimal 
amounts of the isotope \vue  found in ;1 fraction n.hich should include 
dimethyl glycine. At  the end o f  the incubation most of the C" was 
still present as DhfE, nhereas after incubation Lvitli either methyl- 
or ethvlene-labeled choline only a small fraction of the isotope is 
recovered as u n c h a n p l  choline. These data suggest that in the 

TABLE 2 

BY L IVER TISSUE" 

EFFECT OF D M E  OR C H O L I N E  O N  0, CONSUMPTION 

D M E  I C h o l i n e  1 

S l i c e s  5 2  ! 19 
Sl ices + L - M e t h i o n i n e  155 I 312 

isolated 1iL.t.r 110 oxidation of DALE to dinicrlii I ~ ~ ~ ~ ~ c i i i c  b y  reactions 
similar to rlie uxid;ltiun of choline to bc-tainr Acichydc and betaine 
occurs. or chat 1; represents only .i n i c tho l i c~ l lv  unimportant 

It secmc rc.-.~,~n.ihl c' t o  assume t h a t  under  plivsinlo$csl conditions 
DME is formed in the tissues but that this compound IS methylated 
to choline 3s rapidlv as it is formed. Direct incorporation into the 
phosphollpldes \iouid occur only if  arid n h e n  the amounts of DhIE 
present esceed the ability of the tissue to convert i t  to choline. 

p h i  a}. 

I x-i P li SI 1: D I .IT I: s 
. .  

Preserzie ZII ~:i.rnc i. Consideration of the structural formulas of the 
phospho1ipidt.s su ?pests a number of possible intermediates, many 



of \i.hish hcl\.c been Lictu:illi. isol.ircCl t rr i n 1  . in In i~ i l  tissues. Glycerol 
phc>sphatc is probablv present in .ill t 1 ihuc .s .  .iltlmugh the fraction 
generallv indicated as ' *  glycerol phosphate ' '  probablv includes 
several different compounds.' phosphoryl ethanolamine, found first 
by Outhausen in tumors ( 1  IO) and later by Colowick and Cori in 
pig and rabbit intestine ( 3 4 ) ,  has been shon-n now to be present 
in most tissues of rats and in several human tumors (Awapara et al., 
34) .  Similar findings were also reported recently in rat brain 
(Ansell and DaLvson. 3 )  and in pig liver (Campbell and Work,  47).  

Phosphoryl choline, first isolated in small amounts from the liver 
(Inukai and Nakahara,  8 5 ) ,  is apparently present in large amounts 
in seminal fluid (Lundquist. 101). Lignocervl sphingosine (Frankel 
and Bielschowsky, 76: Tropp and Widersheim. 144) and sphingo- 
sine choline phosphate (Booth, 43; King and Small, 93) were 
character ired in  severdl tissues. GIi,it-rvl phosphoryl ethanolamine 
\vas recentlv isolated in manv tissues by Campbell and Work  (47) 
and by Walker (130). Paper chromatography has often been used 
b y  thc rccenr ii-orkcrs. and i t  niiii- hc cspeited t1i;it a Lvider appli- 
cation of this methnd \vi11 shoii. tl i , ir  these and other intermediates 
are constmtli. presenc iii ;;!I [issues. I should like to mention. how- 
ever, that according tc? Car::pbell and \Si'orli ( - 1 -  ) glycervl phosphoryl 
c.thanol.ir>?ini- runs together u.i th citrulline in tn.0-dimensional chro- 
ni:itoSr:inis \i i t l i  thc  s o l i ~ ~ i i t ~  moct iomnionl i .  used. and iould be 
separated only , .  bv treatment \\,it11 additional reagents. The  chromato- 
graphic similarity bct\veen t\vo substances kvith such different struc- 
tures su<!yests a note of caution against too ready an acceptance of 
c h r om ~1 tug r a p 11 i c ev id m c  e in the id t' n t i 6 c a ti  o 11 o f 11 n kilo u.1~ subs t d nce s . 

H)dj.ulJ!iL- L;:) i i2t . j .  Obviously the presence in the tissues of such 
intermediates as the above can be ascribed to hydrolytic as well as 
to s).nthetic processes. Indeed. evidence for the existence in many 
biological materials of a variety of enzymes which may split the 
phospholipide molecule in various ways has increased rapidly. A 
schematic representation of the action of these enzymes is outlined 
in Table 3. Except for the substitution of the more general term 
of '' phospholipases f o r  ' ' lecithinase." I 1iar-e retained the no- .. 

. 



menclattire of ContiirJi .ind Erioli. \\ 110 pos;ttilcited the esistence of 
spcc-Ihi cnzj-rnes acting on each of the four ester linkages in the 
lecithins ( 7 7 )  . Since the literature o n  this subject is adequately 
covered in recent rev1en.s (Zeller, 156; Wiittcoff, 1 5 5 ) ,  onlv a few 
of the latest developments \vi11 be mentioned here. 

Phospholipase A \vas first'described in cobra venom, but it is now 
known to be present in the gastrointestinal tract and in most animal 
tissues together with phospholipase B. Separation from the latter 
is easily attained beiiiuse of its high stability against inactivating 
agents, such as hecit and organic solvents. The recent data of 

TABLE 3 

ENZYMATIC HYDROLYSIS OF L E C I T H I N S  

m\ F A T T '  2 :  3 
C * C - , " r E  - P H C S F H A T E  - ;,YCEFOL 

H m h ~ r r  ( 5  i )  OII the phospholipdsc A of pancrearlc extracts sugges: 
the f o r m . i t l o n  o f  .in enq-me-substratr.1bsrrdte complex soluble in ethyl ether, 
where the reaction proceeds unimpaired. In agreement with the 
findlnss o f  thc c.,irlicr Y, 01 lic-rs, onl\. unsJturated fauy mds seem to 
be released. Honever,  several years ago Kin9 (92) showed that 
totally , I  hi drdgcnated lecithin is digested by extracts of intestinal 
mucosa as fast as the natural lecithin. I'ery recentlv, Zeller (157) 
has reported thc r e d y  formation of lysolecithin bY the action of 
snake venoms on synthetic L-a-dimyristoyl lecithin, and has postu- 
lated that the decisive factor is the position a or /3 of the linkage 
beween qlycerol and fiittv acid, n point nhich of coiirse implies 
that in the natural lecithins the unsaturated acid is located pre- 
ferentially i n  o n e  ,If these t u o  positions. A fairly pure prepara- 

C .  



t ion of n pliospliol i p s e  E, very active on I'.;,,t7hospholipicles. but 
not o n  intact pho,pholipiclcs. \\.as described b\. Fairbairn in extracts 
of Peizil-illizivr ~ f ) [ ~ ~ + i i r ~  (67) . Splitting of both fatty acids b y  the 
combined action of phospholipases A and B with formation of 
glyceryl phosphoryl choline and glyceryl phosphoryl ethanolamine is 
possibly the major pathway for the breakdown of lecithins and 
cephalins in tissues, if the same pattern is followed in vivo as in 
autolyzing tissues (Artom, 2 ;  Schmidt et al., 1 2 5 ) .  In these, 
liberation of  choline is some\vhat slower, and it remains uncertain 
whether the actual substrate for such a reaction is glyceryl phosphoryl 
choline, or the intact phospholipide molecule (Fairbairn, 66). 

Unequivocal evidence for the existence of a true phospholipase C 
that forms phosphatidic acids has been obtained only in plant tissues 
(Hanahan and Chaikoff, 85 ) .  Likewise, a phospholipase D was 
demonstr;rted v,ith certaintv only in  the toxin ehboratej. b y  C/Gj/\.i- 
dim12 ii,e/(.hii (hlacfarlme'and Knight. 103). by CloJtridijim cede- 
~ir,rt ieic~ (hlacfarlane, 102), and niore recently in the venom of a 
South American snake (\'id31 nreard m d  Elias, 147).  Hon-ever, 
liver estracts liberate lignoceryl sphingosine from spliingomyelins 
(Thannhnuscr ~inJ Reichel. 1 4 2 ) .  It is probab!e that a more careful 
scarch €GI- such enzvmes \\.Ill reveal their presence in many animal 
tissues and thus indicate that phosphatidic acids. phosphoryl choline, 
phosphor \-1 et h ;in0 I am i 11 e. 5 1-11 i i i  gi s in c- f t rv acid amides. and d i clv- 
cerides may all be formed b\. direct splitting of phospholipides. It 
should be pointed out also that severdl of the phospholipases eshibit 
marked differences in their ability to attack the various phospho- 
lipides. TliLij t h e  phospholipase D of C / o ~ : ; ~ ~ L / ' i : ~ i / ~  zi,e/ihii splits 
lecithins and sphin~omvelins. but not cephalins (hiacfarlane. 102). 

i ,  

Role in the slwthesis of phorpholipides: a)  Experiments in rivo. 
In the experiments of Charqaff L and Keston ( 5 2 )  and of Riley (120). 
phosphoryl ethanolamine or phosphoryl choline, respectively, was 
labeled in the phosphate moiety and injected. Both esters were 
extensively split. and the concentrations of P3? in the lipides were 
no  greater than those found in parallel experiments in which the 
isotope had been introduced 3s inorganic phosphate. Moreover. 

. 



n,11c.n the r , ic f io , i i t i \ . i ty  \\ &is dctcrnilncd sep.irLttc.l!. in the  lecithin^ m d  
cephalins, the ditferences in the specific actit-iticj o f  these fractims 
\\.ere just opposite to those \i.hich should have bcen espected i f  the 
ester had been utilized as a unit. However, the hypothesis of a 
role of phosphoryl ethanolamine in the synthesis of brain cephalins 
is compatible with the data of Ansell and Dawson ( 3 ) .  These 
authors showed that minced tissue incubated with radioactive phos- 
phate synthesize phosphoryl ethanolamine. W h e n  isotopic phos- 
phate was injected intracysternailv into the brain of intact rats, the 
specific activity of the phosphoryl ethanolamine P (isolated by paper 
chromatography) was many times greater than the specific activity 
of the lipide P. 

Evidence that formation of glycerol phosphate in vivo is an initial 
step in the synthesis of phospholipides is more abundant, but still 
some\\rha t presumptive. 

The concentrations of PS2 in the tissue lipides are essentially the 
same, whether the isotope has been injected as phosphate or as 
5 .  (-1vcsroI phosphate (Zil\.crsmit et al . .  160) and n,hether the labeled 
phosphate u.as injected alone or toqether \\.it11 large amounts of 
i:oi~-Iwtopii glvcerol phosph,ite ( Artom and Sn.anson. 27) . On the 
other hand, after introduction of isotopic phosphate into birils 
(Flock and Rollman. 71) or into rats (Artom and  Sranson. 30), 
the piclients of the specihc ; l i i i \  iL\. of the inorganic P. glvcerol 
phosphate P. and lipide P of the liver \vere compatible with the 
assumption that glycerol phosphate is an intermediate in the synthe- 
sis of phospholipides. In more estensi1.e experiments, Zilversmit 
et al. (160) and Pop$ and A l i i i r  ( 1 1  5 )  h ~ ~ c  ionip;ircd thc jpc-cihi 
activik time curves of various phosphorus fractions in the liver of 
rats which had received isotopic phosphate. The  behavior of the 
lipide and glycerol phosphate P curves corresponded to what one 
might theoretically ascribe to the specific activity time curves of 2 

compound and of its immediate precursor (Zilversmit et al., 161). 
Actually, this relationship merely indicates that glycerol phosphate 
cdiz he the immediate precursor of the phospholipides, but does not 
necessarily prove that it is such a precursor. Moreover, as mentioned 
above, the reliability of the specific activity values of the glycerol 

c. 



p l ~ o ~ p l ~ ~ t c '  fraitic ) i i  n ix\ .  hc. C1iicstioiiccl. T1t.o recent papers reempli3- 
s ~ z e  thc hctcro~cnei ty  bf frditicmj separated from the estract of the 
liver and believed to be relativclv pure glycerol phosphate (Olley 
and Blewett, 109) or ATP (Ennor and Rosenberg, 64) .  It should 
be pointed out that phosphoryl ethanolamine and phosphoryl choline 
would probably be included in the fractions which, in the experi- 
ments mentioned above, were regarded as glycerol phosphate. 

b) E ~ p e r i i i i e u ~ s  i r r  ritro. In spite of their apparently greater simpli- 
city, the experiments in nrhich glycerol phosphate (Taurog, 138; 
Popjik and Pvfuir, 1 1 5 ) ,  or phosphoryl choline (Taurog, 138) 
labeled with P3' were added in vitro to tissue slices, have given only 
inconclusive results. In a feu. experiments in which we incubated 
liver slices with isotopic phosphate and variable amounts of inactive 
c' nlvcerol . phosphate. the specific activity of the phospholipide P \.aried 
to a much less extent than n-ould have been expected had glycerol 
pliosph,ite becn ;in intermediate in tlie synthesis (Artom and Swan- 
son, 3 1 ) .  The significance of results of this type is obviously 
restriiced bv the possibilitv that glycerol phosphate did not permeate 
the cell rnernbr.:iie 2i:J therefore could n o t  reach tlic cell srrt:,.iures 
\~:hcre r h c -  b\.:itliesis o f  phospliolipidej proh.lbl\. occiirs (Popiik and 
hluir, i 1 7 ) .  L1L.c-r sliics \\.ere used bv us and by others, because 
tlic c d r l  ivr dat?, of ChaikoiT's grdup had indiiatecl t h :  lioni(3:eni- 
zatian o f  tlie tissuc suppresses ( in  ii\.er) or markedly rcduirs (in 
kiZiii-:- t ) r  hr , i in )  tlic iniorpordtim of P" into the phospholipides 
(69, d l .  139).  

LL1tc-r. lic>\\.ci.cr, Friedkin 2iiJ Lehninger (s') sho\\-ed t l u t  iell- 
free preparations of liver mitochondria activelv . .  synthesize phos- 
p h u l l ~ i d ~ j  from inorganic phosphate, provided that ATP and malate 
are added. Such fortified systems were used in the experiments 
reported recently by Kennedy (90). Addition of glycerol markedly 
enhanced the incorporation of P3?-phosphate into the phospholipides. 
The effects of the addition of inactive glycerol phosphate corresponded 
closely to those expected from the isotope dilution of the synthesized 
glycerol phosphate (or of a compound in equilibrium with glycerol 
phosplnte) . In spite of sonieivhat conflicting evidence, it appears 



tion. Tliiis i n  the exrcririit-iits of Pili1 m c i  I3loi l i  ( 11  2 ) .  ii I~cri ! l i . t r  

slices n e r e  incubated \i.itli C .  ‘ aietdtc, the concentration of the 
isotope was higher in the trislvierides than in the phospholipides. 
A similar relationship was found in the livers of intact rats receiving 
C” palmitic acid (Volk et al., 149) (but not in rabbits fed C” 
acetate (Popjik and Beeckmans, 114) ) . 

FORMATION AND INTERCONVERSION OF ISDIVIDUAL 
PHOSPHOLIPIDES 

The  widespread occurrence of enzymes which attack specifically 
one or another of the various linkages of phospholipides and the 
demonstration that at  least in vitro some of the products of partial 
hydrolysis can be used as units in the synthesis of phospholipides 
suggest some interesting possibilities. For instance, if c. qlvierol , phoj- 
phate or phosphatidic acids are first formed, then choline and ethano- 
lamine might cornpc:e lvith each other for these common precu1sors 
i n  the final stases of the synthesis of lecithins and cephalins. This 
i\.ould explain those r;ipid changes in the relative amounts and in the 
r;itcs of formation of these phospholipides which have becn i)hstr\-ccl 
in the li\rer iifLcr Li2minis::Litioii of siiiLlc I&irgc doses of choline 
(Entenman et al., 6 5 ) .  of ethanolamine (Artom and Cornatzer, 
1 2 :  Platt and Porter. 113  1 .  o r  of probable precursors (L4r:tim 
and Cornatzer, 16) J n J  m ~ l o , s s  of these nitrogenous components 
(Artom, CruuJc r ,  tnd  C,jrnJ:zcr, 1 7 ) .  Some of o u r  &t6i Lire 
exemplified in Fiq. c. 3 .  

Co i i i  h i I I ;i t ion o f p.i : 1 i .i 1 11 v il r o 1 \. 5 i j n 11 cl r csv 11 t 11 c s i 5 coil 1 d a 1 so re? re- 
sent a mechznism for the conversion of individual phospholipides 
into each other. The results obtained by Popjik and hIuir (115) 
after intravenous injection of lecithins or  of cephalins, labeled with 
P”. are of interest in this respect. In the livers of these animals the 
specific activities of both cephalins and lecithins were always higher 
than the specific activities of the inorganic and of the glycerol 
phosphate P. These findings ob\.iously suggest 3 formation of 
lecithins from the injected cephalins, and vice versa, with only a 
partial breakdo\i.n of the phaspholipides injected. 

BY a similar nieclitnisni one mislit even visualize the interconver- 



rfl:it ~1?i[()ch~ndri , i  drc  os[iiori'LtliL. dc.ti\ 'c \ \  b : L  !I\,> . i i \ , ]  i \ - i . ! c  t \ i i . i r  
membrane-like barrier is impc-rrneablc to gl\.ic!-oI p I i o ~ p / ~ ~ l : c  (bcrthet 
et 31.. 38). To explain the Jiscrepancy i n  the results of isotope 
dilution experiments on  liver slices (Artom iind Sii.Linson. _i 1) o r  
mitochondria (SO), one may postulate either that the synthesis of 
phospholipides occurs a t  the interf2cc betnpeen the granuics and the 
surrounding medium, or that the mitochondrial membrane is easily 
damaged during incubation, with a consequent increase in its 
per meabi 1 i ty . 

In another very recent report Kornberg and Pricer (94 )  used aque- 
ous extracts of liver, fractionated with methanol a t  low temperature. 
Glycerol phosphate labeled m.ith P"' is rapidly converted by these 
extracts into a compound which was not completely characterized. 
However. a tentative identification nrith a phosphatidic acid is sug- 
gested by its solubility in ether and acetone 2nd by the increased 
rate of its synthesis when long-chain fri t tv acids \isere d d e d  to the 
system. The same preparations. when incubated with phosphoryl 
choline labeled with C' I ,  synthesized products \\.hich \\.ere soluble 
in organic wlvents  and which contained 10 times more isotope than 
at'cer incubation n-ith C14-labeld choline. Vi'hc-n phmplmrv l  choline 
labeled in bath moieties was a d d d ,  thc r,itio of P.2- to Ci.' in the 
reactit-in product approsimated the ratio o f  thcse is13tc>pes i n  the 
substrdre. Cocn~i.iiie A and espeiIsllv ATP m,irkedlv en112nci.il the 
process . 

These two recent investigations supplv the first unequivocal evi- 
dence for 3 role of c- tlvcerol . phosphate and phosphorvl choline as 
intermediates in the synthesis of phospholipides. Moreover, from 
thc d21.1 of Kornberg and Pricer, i: \\-auld ;IpFeJ-r t h t  die sequence 
of the reactions is not necessarily the same, and that, even in the 
same tissue, alternate pathways x e  open. One of these pathn~ays 
would start n.ith the formation of glycerol phosphate, the other with 
the formation of phosphoryl choline and perhaps phosphorvl ethano- 
lamine also. Combination of the b.0 last compounds with a dislv- 
ceride might lead directly to the camplete molerule o€ lecithins and 
cephalins. While  on  this point n o  direct evidence is yet available, 
some data in the recent literature are compatible with this assump- 



sion of 1ipidc.s u i t l i  ciificrcnt s t ruirurc 's .  such ds sphinSc)rn~,c.lllls ~ n d  
ccrebrcisdes (Rc-izhcl a n d  Thannh,iuser, 1 17)  , or cholcsterol esters 
and phospholipides. Somcn-hat questionable evidence for the occur- 
rence of the latter conversion during the incubation of blood plasma 
has been presented recently (Le Breton and Pantaleon, 99).  

These vie\i,s necessarily imply that the breakdown as well as the 
formation of one ester linkage in the phospholipide molecule may 
occur independently of the breakdown and formation of the re- 

Substance - Eth. Oieih. OM€ Chol 
G i v e n  

E f f e c t s  of a #ingle dose o f  t thanolomine (Eth.), 
d l r rhanolomlne (Die ih . ) ,  U imrthyl r?honolamlnr  (OME) 
and chollnr (Chol.)  - R a t s  on o 5 %  casein d ie?.  

Fit. j .  I n ~ ~ ; : - p ~ r . i : i ~ ~ n  ot HjF"O, inio Ti;:. ~ l ~ , ~ l ~ ~ ~ - ~ . ~ . ~ ~ t ~ ~ n i n ~  .in2 n o n - c k u l m t  
iont.?ining phobpholipidtj of the lI\ er. 

iiidi:iins 1ink;lgc-s. \!iPc-inmm et d l .  ( 1 7 3 )  1iax.e injected the pl2srnJ 
of a donor dos. containin? phospholipides doubly labeled with P32 
in the phosphate and with C14 in the fatty acids, and have then 
determined the rate of their disappearance from the circulation of 
the recipient dog. This rate was identical for both the isotopic 
labels. Tolbert and Okey (143)  compared the specific acti\.itl- time 
curves of the lipide phosphorus and choline carbon in the liver 
of rats simultaneouslv injected ivith P3'-labeled phosphate and C1*- 
methyl-labeled choline, and from the similarity of these curves they 
inferred that the turnover rate of the two phospholipide moieties 
was approximately the same. Because of the complications and uncer- 
tainties in such calculations the significance of this conclusion may 
be questioned. However. it seems unlikely to me that, under phvsio- 



I O ~ I C A  1 iond i t  i (  )[I,. t ]IC \ .i r ious r t ) t t I I C  phc )sphc>i I p id e mol ecu I e 
a r t '  rc.iit.\\-t.d at  r i u r k c d i i .  ditt'crcnl r'ttcs. A rcI,ici\ c independence 
in the turnm.cr of these moieties s h ~ i i l d  probably be detectable only 
under conditions \vhich may accelerate (or inhibit) the formation or 
the breakdoum of only one of the linkages. 

Our experimam on the synthesis in vitro of phospholipides have 
given some suggestive indications on this point. Liver slices from 
rats on high protein diets incorporate labeled phosphate into the 
phospholipides much more actively than liver slices of rats on low 
protein diets (hrtom and Swanson, 32 ) .  On the contrary, the incor- 
poration of -labeled choline into the phospholipides by liver slices 
of rats on a high protein diet was lower than that observed with 

TABLE 4 
lncorporolion of Lobeled Phosphate and Choline d o  the Lipides 

21 S l i c e s  'ram L i v e r  a t  R O I ~  c -  \ /ortous C t e t f  

j j Compound I 

slic-es f r o m  r;its on lo\\ protein diets (Artom. CrouJcr. and Swan- 
juri, 2 0 )  (Tdblc 4 ) .  Confirming Tlrurog et ai. (139). also 
found th:it the incorporation of phosphste into the l ipijrs of liver 
slices was inhibited as much as 90 per cent by the absence of oxvgen. 
\\'hen in our experiments, nitrogen \vas substituted for oxygen or 
air, the incorporation of choline into the phospholipides was never 
decreased 3nCi ~.IftE-n u . 3 5  sreater than in aerobic conditions. Table 5 
illustrates the results of one experiment in which some slices from 
the same liver were incubated with labeled phosphate and others 
with labeled choline. 

Homogenization of the liver completely suppresses the incorpora- 
tion of labeled phosphate, whereas the incorporation of choline is 
less extensive but still quire appreciable in  liver homogenates (Table 
6) .  The addition of q-anide or azide to liver slices causes a very 



TABLE 5 

Incorpora t ion  of Labeled Phosphate ond Choline 
i n t o  t h e  L ip ides  o f  Liver Slices in 02 or N2 * 

Chol ine  2 70 

* 3 b  Incubat ion-Va lues  for  I 9  tissue 

R a t  on stock d ie t  

T.ABLE 6 

Incorpora t ion  of  Labeled Phosphate and Choline 
into the L ip ides  of L i v e r  S l l c e s  o r  Homogenates* 

1, 
Choline 1 5 7  4 5  

3$2 h incubation , n  a i r  - V a l u e s  for 
* 

I g tissue 

ethanolamine was incubated with liver slices (Crowder and Artom, 
5s) parallel those obtained \I i t h  labeled choline. The :ipri:ent 
uptake of DME by the lipides is also greater with liver slices from 
rats on a low protein diet than from rats on a stock diet (Table 7 ) .  

Homogenization of the tissues reduces but does not suppress this 
uptake. With either slices or homogenates the amounts of D31E 
incorporated into the lipides are greater in nitrogen than in osvcen 
(Table 8 ) .  I t  \\.as mentioned previously that unlike choline, DJIE 
is not readily oxidized to dimethyl glycine bv the isolated tissue. 

. C  



Aiiordinglv. the simiI,iriti. in tiic' r r s i i l t b  0i-rtJinc.d In tIle c s ~ t - r i m e n t ~  
u.ith labclcd choline and 'labeled DAIE strongly suqqests c c  that varia- 
tions in the activity of choline dehydrogensse are not. or 2re only 
partly, responsible f o r  the observed differences in the incorporation 

TABLE 7 

INCORPORATION OF D M E  I N  THE LIPIDES 

E F F E C T  OF PREVIOUS DIET ' . 

T.4BLE 8 

INCCRPORATiCN OF CME hl T-E L I P I O E S  O F  QAT - . E 5  

SLICES OR HCMOGENATES I N  AIR OR N; 

of choline into the lipides under various conditions. It seems reason- 
able to conclude that the rate of synthesis of the various linkages 
in the lecithin molecule is modified in a different manner by a number 
of factors. While  the incorporation of choline and DME probably 
also requires energy, the requirements are apparently much lower 
than those needed for the synthesis of the glvcerol phosphate linkage. 
If this assumption is correct. one might expect that the reactions 



T A B L E  '9 

~NCORPORATION OF DME OR CHOLINE I N  THE L I P I D E S  
E F F E C T S  OF ADOING INACTIVE CHOLINE OR DME ' 

prevtour ' c I 4  ' I c r o M  O f  R a d i o a c t i v i t y  / 
Diet added as1 DME , Chol ine  i n  Lipades' 1 

STOCK 1 D Y E  1 :: 1 None 

5 %  Casein 1 Choline None 2 5 
+ GAA' 

I 66 
I 20 1 3 3  

~ 

32 5 2 4  I 

134 
I 2 5  52 

2 5  i 4 6  1 ( ? D a y s )  ~ O L E  1 % 1 
Choline None - _ _ . ~  

I L i v e r  slices - 3 $2 hours I n c u b J t i o n  In a i r  

2 X of c o u n t s  added X IO2, per 9 of ilssue 

3 Guarodo acetic ocid, 0 5 % 

b 3; hour incubotion in Or- R o i r  on stock d ie l  

Indeed, the addition in vitro of DME inhibits the incorporation 
of labeled choline into the phospholipides, and conversely the addi- 
tion of inactive choline inhibits the incorporation of labeled DME 
(Table 9 ) .  The effects of a number of other compounds on the 
incorporation of C'*-choline in vitro are summarized in Table 10. 
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I t  is ,ifV,irciit t l u r  t I i i j  proicjs 15 ri~.~r.lic.dI\.. ini:iblrcd b\. sL1[TstL1ncc>s 

\\ i ~ i c h  .ire u ther  ndtllral c o ~ ~ i p ~ i i ~ i i t ~  of the FlloSpli~)lii,ld',~. such 
as ethanolamine, o r  bv precursors o f  these componcnts, such as 
mcthyl ethanolamine o r  DhlE, or by chemical analogs. such as 
t r ie t h y lchol ine or diet llano lam i nc . N. h i i  11 may substitute for the 
natural components in the phospholipide molecule. The  only dis- 
crepant results in this respect are those obtained with the addition 
of thiocholine, which in our experiments was totally ineffective. No 
inhibition u-as observed by substances, such as betaine or trimethyl- 
amine, which are not utilized directly in the synthesis of phospho- 
1 ipides. 

RATE OF PHOSPHOLIPIDE FORMATION IN VARIOUS TISSUES 

The  earlier work in which radioactive phosphate R - ~ S  introduced 
into intact animals shou-ed charaiieristic differences in the amounts 
and concentrations of the isotope present in the phospholipides of 
the various tissues. Obviouslv a number of factors may have been 
responsible for these differences. such as, for instance, difierences 
in the rate of transfer of inorganic phosphate from the p l w n a  to 
thc in;cric-llular fluids and from rhese fluids to the cells. Indeed, 
Lvhen the specific activities of the lipide P were expressed as rela- 
tive specific activities, that is. 3s 3 function of the spec-ific activitv 
of the inorganic ph(Xp1iatc. some of the differences beidme less 
marked. This is especiallv true for the brain. because o€ the lox 
permeability of the so-called blood-brain barrier. However, the 
qeneral arrangement of the values remrlined essential Iv unchansed. 
Moreover, when instead of phosphate the fatty acid or the nitro- 
b nenous moiety of the phosphoIipides \VAS labeled. the various tissues 
arranged themselves in the same order (Table 11). There is, there- 
fore, little doubt that the observed differences are due primarily to 
differences in the rate of phospholipide formation. No relationship 
is clearly apparent between these differences and the differences in 
the amounts of total phospholipides or in the oxygen consumption 
(as determined in the isolated tissues). On the otlier hand, our early 

data showed a rough parallelism between the relative specific activi- 
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Compound ond laofope Given  

H,PO. ( 0 )  Potmitic acad (b l  Choi ,ne  ( c )  
(P12)  (C1.1 IC '41 

I O 0  I O 0  IO0 
96  3 e  ee 
5 7  2 2  7 3  

3 2  ( L u n g )  4 6  1spleen) 5 9  

2 7  18 19 
9 I I  

3 5 

TABLE 12 

l a ) ( b )  From Art0i)n.C ( 1 9 3 7 )  

( C )  F r o m  Artom, C (1945)  

( d )  From Krebs,  H A . C .  11950) 

It seems likely that the differences in the rate of phospholipide 
formation observed in vivo are due not to differences in the amounts 
of specific enzymes present in each tissue but rather to regulatory 
mechanisms (perhaps of a hormonic nature) which maintain the 
rate of the process at a level more or less characteristic of each tissue. 

On the other hand, in a given tissue changes \vi11 presumably 
occur in the amounts of phospholipides or in the rate of their svnthe- 
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sis I\ lic.11 the mct,tlxJ\ii ric-cds ot thc tissiie arc increased or decreased, 
or  ii 1ic.n tlic tiiippl\. of rii;itcri,iIs 11cc.Jc .J  f o r  t hc  s\.nthcsis of phospho- 
lipidcs bciomes insufiiiicnt, o r  ii lien the cfficiency of the regulatory 
niechmism is impaired. Alan! years ago i i - e  observed a decrease 
in the phospholipide level of the liver after removal of the thvroid 
or of the ovaries (Artom. 5 ;  Artom and Marziani, 24) .  More 
recently, Flock et al. (73) have found that in rats the turnover of 
liver phospholipides is increased by thyroxine administration and 
decreased bv thiouracil. Similar findinqs were reported by us (Cor- 
natzer and Artom, 56). Variations in the phospholipide content of 
the corpus luteum were noted, which seemed to correlate with the 
changes in the physiological activity of that organ (Bloor et al., 41; 
Weinhouse and Brewer, 151).  However, much of the available 
evidence o n  this subject has been obtained in investigations aiming 
to test the hvpothesis that choline is lipotropic because it promotes 
the formation of phospholipides in the liver. I have recently had 
the opportunit)- of revien-inc L. this topic (,4rtom, 10). and some of 
these findings will be mentioned later in connection with the postu- 
l a t d  role of phospholipides in far metdbolism. Here I shall merely 
point out that choline deficiencv is onlv one. and probably not the 
niost  important. factor  f o r  the C; ICGS of I P C -  prntFin Jiets.  I n  the 
liI.er of rats on such dicts the follon-in? chanqes have been nored: 
( a )  1; ionsiclcrrible increase in neutr,il f,ics: ( b )  a moderate decrease 
in tor.11 pliosj-l>c>lipidcs: ( c )  .I !i:o:c iii.!rkcd decrease in the leiiriiins 
(Artom and Fishman. 2 2 :  Fishman ancl A3:tom. 70) .  The fatty infiltra- 
tion is always easily prevented or reversed by supplementation of the 
diet with choline. The  decreases in the liver lecithins are prevented by 
choline, but only under certain experimental conditions and even 
u n J e I th  cs c con d i t i c o  i i  s t o t  .I 1 ph o s p 1io 1 i p i des rem ;i i i i  d c' fi r i  i t el 1- be! on, 
the level found in animals on adequate diets. As an example, the 
results of our  experiments in nrhich choline was added to lon- protein 
diets with a variabie fat content are reported in Table 13.  Actually 
the decreases in the total phospholipides in the liver parallel the 
decreases in total proteins, as indicated by the constancy of the ratio 
of lipide P to protein (Artom. 9)  (Table 1 4 ) .  The same conclu- 
sion has been reached hv Campbell and Kosterlitz. who have used 

c 

.. 
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L I V E R  LlP13ES. 

' i j  ;I t-ctcrcnic st ' indard the viilues of c i C 4 c ) s \ . r i l ~ c ) n i ~ i l c i c  acid in tIie 
I ivcr ( -10)  . 

Atternpts t o  demonstrate changes i n  the rJte of phospholiFide 
formation in the livers of animals fed lon, protein diets \\.ere made 

T o t a l  1 Phospholipides ' m q / p  
1 D IET Ratio x 100 Protein N 

2 3  5 

+ 2 3  7 

2 3  7 

2 6  0 

I STOCK 

1 2 !  I 5 2  ' I 3 5  

1 4 8  6 2  

I21 5 4  199 

200 7 7  1 3 4  

I9 5 6 2  1 3 

*voiucs per 0. 01 I i p i d e - f r e c  ttrrue 

( F i r h m o n  and Artom. I9461 

TABLE 1.1 

PHOSPHOLIPIDE AND PROTEIN CONTENT 
OF RAT LIVER 

5 %  C o s e i n  2 0  o 

5 % Casein I 2 2 3  

S t o c k  1 3 1 . 8  

+ G A A *  

+ Choline 

18 7 
(14 7 - 2 4  7 )  

19 7 

(15 I - 2 4  4 )  

19.0 

(15.1 - 2 4 . 2 )  

by sei-ern1 groups of Lvorkers, with results n-hich are in substantial 
agreement (Bollman and Flock, 4 2 ;  Artom and Cornatzer, 14; 
Campbell and Kosterlitz, 45). In the livers of our rats on low 
protein diets tlie specific activities were higher than in tlie controls 
on the stock or on a high protein diet, but the total radioactivity 
calculated for the whole liver of a 100 g. rat was approximately the 
same in all groups. This is also true if  the values are espressed as 
relative specific activities and relative radioactivities (that is, if the 



datit art' corrected f o r  tlie sliclit \,,iriations in the spciific a i t i i . i t \ .  of 
the inorganic P )  . Aloreoi-er, these results, obtained in protein- 
depleted animals, closely resemble those of Flock and Bollman on 
rats partially hepatectomized or poisoned with CC1+ ( 7 2 ) .  

It seems reasonable to conclude that in the livers of intact animals 
the amount o€ total phospholipides newly formed in a given time 
interval is not markedly affected by a reduction in the size of the 
organ, in the amount of cytoplasmic materials, or in the functional 
capacity of the cells, such a reduction being probably compensated 
by an increased rate of phospholipide synthesis in the remaining 
tissue. T h e  higher specific activity of the lipide P in the damaged 
or protein-depleted liver is probably the expression of this compen- 
satory hyper-activity. According to the recent data of Singal et al. 
(130)) in the liver of protein-depleted animals these increases in the 
speiihc acri\-it). occur in  both the large and small granules. buc are 
more marked in the latter fraction. 

O n  the other hand, in our experiments with liver slices the incor- 
poration of phosphate into the phospholipiiles \\.as considerably 
depressed when the animals had been previouslv maintained on a 
low protein diet ( A i x n i  rind Sn.anson, 3.). This apparel;: discrep- 
ancy bet\\-t-en experiments in vivo or  in y i t r t>  can be reconciled by 
the asscnI.ption mentioned earlier that in the livers of intact 3nirii.11~ 

the rate of: pIiosplinliriJe svnt!iesis is maintained at a level adequate 
to the metabolic needs of the tissue. Because of the larse functional 
reserve of the liver, in intact animals such a level remains unchanged 
even under very adverse conditions. O n  the other hand, in isolated 
tissues ii.here regulating mechanisms are absent or less edective, 
phospholipides are probabl). formed at the highest speed compatible 
with the condition of the experiment. The decreased formation of 
phospholipides in liver slices from rats on low protein diets would 
then be the direct result of the decrease in cytoplasmic materials 
(especially enzyme proteins) which develops rapidly under these 
conditions. 

At any rate, it appears that in the livers of animals on diets n.hich 
contain little protein and no  preformed choline, choline and ethanol- 
amine are still available in amounts sufficient for the synthesis of 
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phospholipdes a t  ;i rdte .ibout nornid1. This st.itt'lnc-nt appears :i,da) 
less surprising t h n  a t  the time t l m e  obser.i-,itioris u ere made. since 
much direct evidence is now available for the ability of the rat to 
synthesize methyl groups from various sources. 

Furthermore. separate determinations of the concentrations of P3' 
in the choline-containing and non-choline-containing fractions of the 
liver of protein-depleted animals did not show any preferential 

C H 0 L I N E - C 0 N T. 
PHOSPHOLlPl D E S  

NON-CHOLINE CONT. 
PHOSPHOLIPIDES 

a 
0 2  
a 
a. 
0 
c) 

f l  

:: 

change in the rate of formation of either fraction. The only esperi- 
ments in u,hich the specific activity of the lecithin P n.as markedly 
decreased were those in which guanidoacetic acid or diethanolamine 
had been added to the low protein diet (Artom and Cornatzer, 14) 
(Fig. 4 ) .  The  first of these two substances probably drains the 
available methyls for creatine synthesis (Stetten and Grail, lo?), 
the second possibly acts as a metabolic antagonist of ethanolamine 
and thus may i m p i r  its role of methyl acceptor in the synthesis of 
choline (Artom, Cornatzer, and Crowder, 15) .  It seems therefore 
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t h J t  the s).nthesis of pI iosphol ip i~ lc~  l?ds a liIgll p r i o r i r v  ;1m )lis rhc 
various mctiibolic yroccssc-s in  L+ . l i i i l l  iliolinc is in\.ol\.cJ. ini l l lc l ins  
the lipotropic effect. To obtain a \\,ell detectable reduction in lecithin 
formation one has to superimpose upon the dietary restriction of 
choline or choline precursors, the administration of substances \vhich 
interfere specifically with the synthesis or availability of choline. 
T h e  above considerations also suggest that the increased phospho- 
lipide turnover after administration of a large dose of choline, 
ethanolamine, or related substances (Cornatzer and Artom, 57)  
cannot be interpreted merely as the replacement of a deficiency. 
Rather, one is tempted to ascribe this effect to a stimulation of 
phospholipide synthesis by the high concentration of the substance 
administered in the liver cells. 

FUNCTIONS OF PHOSPHOLIPIDES 

The  large amounts of phospholipides present in certain forma- 
tions, such as seeds of leguminous plants and egg yolk, almost 
certainly represent resen'e materials from n.hich the gron.in3 organ- 
ism draurs phosphate and fatty acids. It might be pointed out in 
this respect tllar in rats and mice the rota1 body content of phospho- 
lipides is highest at birth and decreases to about one-half during the 
first three months of postnatal development (Sinclair, 128). I t  has 
been speculated also chat the lecithins and j I ~ l i i n ~ i , i n \ - i - i i n j  \vhich 
are so abundant in the nervous tissue might represent a readily 
available source of the choline needed for the synthesis of acetyl- 
choline in that tissue. Finally, the importance of certain phospho- 
lipides as the components of the lipoprotein in\  ul\-t.ii in the coagu- 
lation of blood is generally recopized. 

Aside from these few peculiar examples, three main functions 
have been proposed for phospholipides: first, that these compounds 
are structural materials upon n,hich the characteristic properties of 
the living cell (including permeability phenomena) are dependent; 
second, that they are involved in the biological oxidations; and 
third, that they represent intermediate compounds in the absorption, 
transport, and metabolism of fatty acids. I will discuss here in some 
detail only the evidence pertaining to the last mentioned theory. 

c 
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0. Franck hrst juqqcjted L L  in 1sc)s that thc slj.ierides of the intes- 
tinal lymph may originate b y  interactiori o€ the soJps absorbed and 
the lecithin of the intestinal mucosa ( 7 5 ) .  In 1929, R. G. Sinclair 
found that in the intestines of rats receiving highly unsaturated fats, 
n.hile the amounts of phospholipides remained constant, their iodine 
number markedly increased (127) .  Our experiments with iodized 
fats provided even more direct evidence for the rapid incorporation 
of ingested fatty acids into the pliospliolipides of the intestinal 
mucosa (Artom and Peretti, 2 5 ) .  These results and those of later 
investigations from several laboratories in which variously labeled 
fatty acids, radioactive phosphate, and N"- or C'*-labeled choline 
were used, definitely indicate that phospholipides are actively formed 
from their buildin? stones in the intestinal mucosa. Actually, as 
mentioned earlier, the small intestine and the li\.er are the most 
active tissues in this process, but this is true in both animals absorbins 
fats and in animals not absorbing fats. 

A more suggesti1.e indiiaticln for ;1 Iole of' phospholipides in the 
absorption of €ats \vas supplied by the findins that the incorporation 
o i  P"' i n t o  the intt.srlii:il lipidt.s 1 ~ 3 5  pri-ater in nninials fed diets 
rich in fats than In those fed fat-free diets (Artom et al., 29) .  
Siiiiil.ir results n e r e  ol3t.iiiiecl more reientlv . .  bi- Schmidt-Nielsen, u.110 
il I ~ ~ ~ L I C - J  the uptdkc o f  P - 1.v the phi,spholipides of Lilcernzite 
secments of rat intestine absorbins or not absorb in^ fat .  respectivelv 
(c26) .  O n  the other hand, Zilversmit et al. (l&) failed to find 
si~nificant differences in the synthesis of phospholipides bv the small 
&tine of fat-fed and control dogs. It  may be pointed out, how- 
ei.er, thac the results obtained b\. these z i l i th ( ) r j  in simi1;ir Cspc.riliients 
on rats seem to be in general agreement with the findings of 
previous nrorkers. Recentlv, Fau rge r  (68) has stated that during 
the absorption of fat  the ;urnover of phospholipides, especially of 
the choline-containing fraction, is more active in the epithelial layer, 
which represents but a small fraction of the total mucosa-a con- 
sideration Lvhich might perhaps account for some of  the di jcrepancies 
noted above. 



few \.e,irs a30 \i c slion ed that in r.its ted ion. protein diets 
iho\ine stIinu1ritr.d the incorporation of P.’’ into the phospholipides 
of the intestinal mucosa and that this effect was enhanced u.hen fat 
was simultaneously administered (Table 1 5 ) .  Since little or no 
stimulation n a s  observed in such animals kvhen fat alone was given, 
we suggested that the supply of choline (or choline precursors) may 
represent a limiting factor in the formation of phospholipides during 
fat absorption (Artom and Cornatzer, 13) .  However, it should be 
pointed out that the increases in phospholipide turnover of the intes- 

TABLE 1 5  

PHOSPHATE INCORPORATION INTO THE PHOSPHOLIPIDES 
OF R A T  SMALL I N T E S T I N E -  

T O T A L  S P E C I F I C  
SUBSTANCES GIVEN’* R A D l O A C T l V l T I  I A C T I V I T Y  

I - -  - -  - n  
H Z  3 

- L  .- 
4 6  1 

C h O i  nc 

0 1  1 147 
+ O 4 I  

tine of m i r n d l j  rrcciving choline and f ~ r .  hiie quirc jigniiicmt, 
are still much belon. the range kvhich one should expect if all of the 
absorbed id::,,. acids \\.ere con\.erred in:o pliosyholipidcs. 

Se\.eral audiors l1at-e described increases in the lipide P oi  tlie 
lymph of tlir 1ntes:ine or of tlie thorx ic  duct during the absorption 
of fats. In rabbits these increases are apparently quite marked and 
consijtcnt (SLl lmm and X’ilbrmdt,  136). n hereas in Jogs the 
changes are i r r ep la r  and often minimal (Eckstein, 63; Freeman and 
Friedmann, 80). Our analyses of the lipides in the thoracic lymph 
of dogs absorbing fats showed that the figures for the lipide P 
included a large proportion of compounds other than true phospho- 
lipides. Moreover, even on the basis of the lipide P values, it was 
apparent that the increases over the corresponding values in fasting 
animals accounted for only a very small fraction of the increases in 
the total fatty acids. Thus  while the total fatty acids increased 10 
or 20 times during fat absorption, the lipide P i t .35 only doubled 
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(Arton? and Pcretti, 2 0 ) .  Rc-centl!., Blooiii ct d l .  (.?(I) 1iaL.e found 
that after fwding labeled palmitic acids t o  r,its .is ~niich ;is :)6 per 
cent of the labeled compound \vas present in the lvmph in forms 
other than phospholipides. The  results obtained by 'Flock et al. on 
the intestinal lymph of rats receiving P": definitel!. indicate that much 
of the newly formed phospholipide actually originated in the intes- 
tine (120). However, a qcantitative estimation of this portion seems 
difficult, since a large proportion of the labeled phospholipides 
injected into the circulation can be recovered in the lymph of the 
thoracic duct (Reinhardt et  al., 118). 

As for the increases in plasma phospholipides which occur after 
a fatty meal, it would appear from the calculations of Hevesy and 
Lundsgaard (87) ,  that only a small fraction of the newlv formed 
phospholipides could have been derived from the intestinal mucosa. 
T h e  possibility remains. of course. that phosrholipides svnthesized 
in the intestine are added to the blood of the portal systems and are 
taken up by the li\.er before they reach the senera1 circulation. 
Without attempting to discuss here the much debated problem of 
the respective roles of the lymphatic and venous patiinrays for the 
absorbed fatty acids, I mention only that the latest esperiments of 
Chaikoff's $roup n.ith labeled palmitic 'iciJ ( 7 :  ::iy:i!mitin s t ronsl \ .  
suggest that only very small amounts of the fattv acid are absdrbed 
through the p ! - ~ ~ l  rtxite (Bloom et 31.. i o ) .  Yeiirs ap3. l ' e r z i r  and 
Laszt shelved that fat absorption u .is inhibited the ~dniiiiisrr~ition 
of monoiodoxetitte or phlorhizin o r  b!. remoi-nl of the adrenals 
(146). Since in all these conditions a number of reactions involvins 
the synthesis of phosphate esters was also inhibited, it was inferred 
that phospholipide formation is a necessary step in fat absorption. 
From later reports, i t  n.ould appear that fat absdrption is inhibited 
by phlorhizin or by adrenalectomy only to a slight or questionable 
degree (Sarzana. 123 ;  Barnes et al.,  36: Stillman et al., 135:  Schmidt- 
Nielsen, 126). On the other hand, the concentrations of iodoacetate 
used by Verzir and Laszt \yere such that the metabolism of many 
compounds other than phospholipides would also he inhibited. A 
marked impairment in the functional capacity of the cells and 
therefore probablv also in fat absorption would thus result, n.hethe!- 
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o r  i l o t  ~ h + s ~ l i o I i p 1 d c s  . .  ;Ire cIircctl~ in1 (011.cd i n  :!:L. .il>C;orptio[1 of fat. 
I t  seems t l i a  c~ idc:iit. of tliis ti.1.e could lx ;liieptLil~ie onlv i f  atid 
d-m some conditions are found in  which fat absorption and phos- 
pholipide turnover are inhibited to  esactly the same degree, and no 
other important metabolic reaction is affected (Artom, 8 ) .  

Perhaps of greater significance is the other observation of Verzdr 
and  Laszt (146) that fa t  absorption was increased when glycerol 
phosphate, or a mixture of glycerol and phosphate, \vas administered 
together Lvith the fat .  These findings, have been confirmed by Cera 
and Bellini (49)? and more recently by Frazer ( 7 7 ) ,  who has stated 
that choline also increases by as much as 50 per cent the absorption 
of fat. Likewise, Tidwell (140)  and Tidwell and Nagler (141) 
found a higher rate of absorption of the fat  given with choline and 
ascribed the negative results of Shoshkes et al. (131) to the use of 
too I~ir$e 311!(71!IitS of sliolir!e v,.liish ma\. depress fat Absorption. I n  
the experiments of Tidwell and Nagler fat  absorption \\.as decreased 
in rats prel.iousli. maintained on low protein diets, but the d u e s  
were raised to normal n*hen choline n-as SiI-en. These data are 
obl-iouslr- sucresci1.e. \vhen compared n.ith those mentioned above 
on the increased ~ h o . ; ~ ~ h o l i p i d e  turnover in the intestines (7f choline- 

It has been reported also tha t  administration of unsplit lecithin 
i i i c : . L . . i h c h  ;l:c r;ite o f  fa t  absorption in humans (Adlersbercc and 
Sobotkd, 2 )  ~ i i d  JJII~X~~IS (Augur et al., jj; Tidn.ell, 140). 

In s u n i m r ! .  dicrt .  is 'it F f C ' j C l l t  no acceptable evidence for the 
concept that phospholipides are obligatory intermediates in fat 
absorpti(m. On the (-):her hand, certain finclings j r t '  at  l t i j t  susges- 
tive of a quantitatively less important role of Fhospholipides. While 
we can only speculate on the nature of this role, it ma): be pointed 
out that several recent reports strongly support the hypothesis that 
complete h\-drol\.sis of neutral fats is not ;i prerequisite for their 
absorption. 

Many years ago we have shown that in the digestion in vitro of 
neutral fa ts  by the lipase of the pancreas mono;!\-cerides and digly- 
cerides are formed, and we suggested that, because of their greater 
affinity for xater.  these compounds could be absorbed before total 

' I  

deficient r:i:s rc<cll.1:1: . .  iIicnliIlc ;in'] int (Xrrom ;inJ CornLrzer,  1 i-i'). 



hi .JroI~sis  ( A r m i i  and Rcalc. :>: Pc,t-crti. 1 1 ! ) .  Our findings \ i \-ere 
I;icer contirmr-d ( FraLer and S ; ~ I ~ ~ I I : ~ ) ! ~ S .  -S ) .tiid t'stc1iJt.d (Desnuellc- 
et al.. G O ) .  In  a recent study by Reiser et al. ( I  19), synthetic triSl1.- 
cerides, labeled R.ith C" in the glvcerol arid Lvith conjugated double 
bonds in the fattv acids, \\'ere fed. and the lipides of the lymph were 
then analyzed. From the results, it is inferred that between 25 and 
45 per cent of the ingested glycerides had been completely hydrolyzed 
and from 5 5  to 75 per cent had been split to the stage of monogly- 
cerides. Half of the phospholipides in the lymph had been synthe- 
sized from absorbed monoglycerides and the remaining half from 
free fatty acids. e If, during fat  absorption, large proportions of 
partially hydrolyzed glycerides are formed, one might speculate that 
these products combine easily with (and perhaps are later also easily 
split from) a relatively stable phosphoryl-choline (or phosphoryl- 
ethanolamine) radical. Such a mechanism (for which no evidence is 
vet available) could account for a \.cry active incorporation of fatty 
acids into the phospholipides alons n- i th  a comparati\.elv slow turn- 
over of the phosphate moiety. Or. possiblv, the phospholipides 
exert a phvsical rather than a ihsmical role bv favorins the passage 
of emulsified products across the mum.;,: c,i the small intestine. 

Frcizer et a].  ( 7 ~ 1 )  liiive shonm that estremelv fine ernulsinnz. 
stable bet\\.een FH 6 and pH 0.  Lire f o ~ n - ~ e d  in mixtures of iattl- acids. 
bile 5 3 1  ts. a n d  rni)no?lvcerides. In the prewnce ( ~ i  die>c- emu!zians. 
e\-en parztiinc-s ;ire a h r b e d .  ~ i i d  i t  seems Iikcl: that unsy l i r  rric!,)-- 
cerides could also cross the intestinal n.311. Parentheticallv. I m3v 
mention here that we have also obtained definite evidence for the 
direct absorption of intact phosphol ipide molecules (Artom and 
Swanson, 30) .  

According to either of these speiiilati\-e interpretations. phL>jpho- 
lipide formation in the intestinal mucosa would represent only an 
accessory factor in the absorption of fats. It is obvious, however. 
that in this as in other metabolic phenomena, accessory factors may 
become important when large amounts of materials have to be 
rapidlv disposed of, or when the principal mechanisms are less 
efficient: just as secondary roads become important Lvlien the traffic 
is very heavv or when the main highwav is blocked. 
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The I1!-pothcjij that phospholipides represent more suitable form 
than neutral fa ts  for the transport of fatty acids in plasma and for 
their transfer to the tissues is suggested by the greater affinity of the 
former components for water. However, phospholipides are present 
in plasma essentially as lipo-protein complexes. From the parallelism 
in the protein and phospholipide content of transudates (Mann and 
Peters, 104), as well as from the results of experiments with artificial 
membranes of graded permeability (Artom and Freeman, 2 3 ) ,  it 
appears unlikely that phospholipides diffuse into the tissues more 
readily than the proteins to which they are linked in the plasma. 
But the most convincing evidence against the role of plasma phos- 
pholipides in fatty acid transport has come from the numerous 
results of Chaikoff's group. These results (which I have discussed 
elsen.here, 10) clearly indicate that there is a continuous exchange 
of phospholipides betnreen liver and plasma, bL;  not betn-een plasma 
and other tissues. Moreover, choline administration appears to in- 
crease the turnoi-er of lecithins in the liver, but  not in the plasma. 
The conclusion seems justihed that, under phvsiological conditions. 
plasma phosphoiipides do not represent a major chemical form for 
the transport of f a t ty  acids. As it is worded, this statement allon-s 
for some resen.ations or exceptions. T h u s ,  in laving birds conriilcr- 
ablc 31iioui11s of phospholipides are synthesized in the liver and 
transported in the plasma to the ovaries (Heresy and Hahn. S 6 ) .  
From the evidence discussed in the preceding section a limited 
contribution of phospholipides svnthesized bv. or directly absorbed 
from, the small intestine seems probable. But'even more likely is the 
assumption t lxi t ,  because of the simultaneous presence of polar and 
non-polar groups in their molecules, phospholipides may have an 
important physical role not only in the absorption but also in the 
transport of lipides such as neutral fats or cholesterol esters, which 
lack centers of attachment. Indeed, these highly hydrophobic lipides 
can possibly form solid solutions in the phospholipide moiety of the 
lipoproteins present in blood plasma (Chargaff, 5 1 ) .  
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The hypothesis that phospholipides represent intermediate corn- 
pounds in the metabolism of fatty acids was first suggested a long 
time ago by Loew, who stated that “lecithin was a machine for 
burning fats ” ( l o o ) .  Later Leathes (96) suggested that incorpora- 
tion of fatty acids into liver phospholipides could be a preliminary 
stage in their catabolism. 

As mentioned above, the finding of a comparatively high turnover 
of phospholipides in the liver or in the intestinal mucosa may not 
be evidence for a participation of these compobnds in fatty acid 
metabolism -or absorption. Only the actual demonstration that in 
a given tissue the turnover of phospholipides, their amount, or 
both are increased or decreased in conditions in which the meta- 
bolism of fatty acids is also specifically increased or decreased should 
be regarded as significant i n  that respect. Some e\.idence of this 
type is listed here. T h e  administration to dogs of verv large amounts 
of fats causes a temporary but readily detectable increase in the liver 
phospholipides (Artom, 7 ) .  In  our earl]. experiments \\.it11 radio- 
active phosphorus, incorporation of the isotope into the phospho- 
lipides (>f the liver, intestine. iind p(os5Ibly aljd of the kiclnev was 
c. greater in rats ted a diet rich in  fa t  than in r J t s  on 3. Slucidic diet. 
No such difference was detectable in other tissues (Fig. 5 ) .  W e  
interpreted these results bi. assuming tli.ir in  the liver and intestinal 
mucosa, and perhaps also in the kidney, a high proportion of 
” lipometabolic phospholipides ” speiihiallp involved in fat meta- 
bolism ivere present, n.hile in the other tissues the phospholipides 
represented chiefly essential constituents of the cells, i. e.  cyto- 
plasmic phospholipides ” (Artom et al., 23 ) .  

Zilversmit and DiLuzio (158,61) have also shown recently that 
in depancreatized or  phlorizinized dogs phospholipide turnover is 
markedly increased in the liver, small intestine, blood plasma, and to 
a lesser extent also in the kidney, but not in muscle and brain. These 
results are of obvious interest, in view of the extensive catabolism 
of fats in diabetic animals. 

Since fats are largely used in the defense against cold, one might 
also interpret in a similar n‘ay the older data of &layer and Schaeffer 
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( 1 O ( I ) ,  \vho dehirlbed a r'ipiil increase in the li\-er p h ~ ) j f h O ~ i ~ l i ! c  
of rabbits eXrb%d to lo\\ tcmperJtures. Interestinglv enouch. the 
increases in the amounts of phospholipides, determined by chemical 
methods, were accompanied by increases in the number and size of 
the mitochondrla visible under the microscope (Mayer et ai., 107). 

Finally, many of the observations on the increased phospholipide 
rurnover after administration of choline or related substances are 
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sucqestilre of a relationship betn-een the formation of rli,isp!:( 11 i-iJes 
and disposal of the fatty acid present in the liver. Without discussing 
again these obst.n.ations ( I O ) ,  I shall merely point out here t h a  i f ,  
as mentioned above, choline does not enhance the mobilization of 
fatty acids in the form of plasma phospholipides, one is inclined 
to ascribe the lipotropic effect of this substance to an increased cata- 
bolism of fatty acids in the liver itself. In a series of experiments 
now in progress in our laboratom, we are attempting to obtain a 
more direct evidence for this possibility f 11). 

Slices of the liver of rats maintained on various diets n.ere incu- 
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E w e r  O , E T  No 

8 Choline d e f  

' Stock 
Choline S U P P I  

CArtllLLO ARTOAl 

Ci4 o2 (countr/min ) 

L ~ v e r  Fat Whole Llvcr 
m9/9 I g Tissue of I00 q Rot  

2 2 0  , 394 I650 
32 5'3 2 4 4 3  
13 1820 1 5830 
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batcd N i t h  C ! ' - l~bc led  stearate, and the rLidid.icti\,ity of the CO, 
evolved nas  determined. As s1io;vn in T'ible 16, liver slices from 
rats on a low protein diet with added guanidoacetate produced less 
isotopic CO, than slices from rats on 3 stock diet. Supplementation 
of the deficient diet n.ith choline consistently prevented the fatty 
infiltration of the liver. Production of isotopic CO. by these livers 
was increased in most experiments (but not in al l ) .  When the rats 
on the low protein diet, supplemented or not supplemented with 

Choline def  ' 9 2  
Choline supplf/ 3 0  1 
S t o c k  

TABLE 16 

d402 PRODUCTION FROM 1-d' STEARATE 
IN LIVER SLICES c 

Choline de f  ' 2 6 0  1 5 3 9  2 4 8 0  

Choline SUPPI I 4650 1 i Choline " f.i 1:; 1 M;; 1 10250 1 

choline, were injected nrith choline shortly before the removal of 
the liver. high values of radioactive C 0 2  were always obtained. It 
is suggested that these high values are dependent upon the existence, 
nt t / 7 2  begiiiiiiiig of  the  ~ . ~ p ~ r i i i ~ r ; z t ,  of a certain concentration of 
choline in the tissue, and that ingestion of a diet containing pre- 
formed choline does not always maintain such a concentration at 
the required level. At any rate, the occasional finding of a decreased 
C"02 production in non-fatty livers indicates that the decrease is 
not merely due to isotopic dilution of the added stearate by the fat 
accumulating in the tissue. There may be still some question about 
the interpretation of our data, since the specific activity of the stearqte 
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at  the site o f  its oxidation In the cells is not knonrn. I f  our  f u t u r e  
experiments support the assumption that  the isotopic CO: is a valid 
measurement of fatty acid oxidation in the isolated liver, it would 
appear that in this process choline is important. Moreover, since 
addition of choline in vitro (at  least in the concentrations we have 
tested; 0.003 M to 0.015 M) was not effective, the active substance 
is probably not choline, but some other compound formed in vivo 
from choline. 

It does not follow necessarily that this compound is a phospho- 
lipide.' Still one might well speculate about certain attractive possi- 
bilities which may be in line with some recent observations. Cyto- 
plasmic particles such as the mitochondria, which are capable to 
carry out the oxidation of many substances, including fatty acids, are 
rich in phospholipides. The  inhibition of succinodehydrogenase by 
substances n,hich dissolve the phospholipides or may inreract with 
these compounds (Ball and Cooper, 3 5 )  could be an indication of 
the importance of phospholipides for che enzymatic activities of 
cytoplasmic granules. The recent experiments of Quastel and Bra- 
ganca on the action of heated snake venom are also extremely 
Interesting in this respect (1 16) .  The heat-stable lecithinase A 

enzymes, but inactivates all the enzyme systems which are located 
chiefly or o!:li ~n the granular fractions of the cytoplasm. The  
functional activities of these substructures seem to be dependent 
upon the presence of intact phospbolipide molecules. Some time ago 
Kielley and Meyerhof (91) described a preparation of muscle 
ATPase ~ i t h  3 high content of phospholipides and shon-ed that 
the enzyme was rapidlv inactivated bv the phospholipase D of 
Closiridizm welchzz nhich splits only choline-containing phospho- 
lipides. Recently, in our laboratory, Swanson and Mitchell also 
found very considerable amounts of phospholipides in a highly 
purified preparation of ATPase, separated from the nucleoproteins 
of liver nuclei (137). 

present in  such materi,ii i l o ~ s  no: 'iti-eit a large number of ' ' soluble .. 

' The hypothr\is that choline is c o m p m c n t  of enzymes involved in the respiration 
of muscle tissue has been suggested (Abdon and Bijrglin, 1 ). It has been claimed 
rffentlv that choline pyrophosphJte i \  yrc.\rnt  in both acid and alkaline phoqph.it.iseq 
(Kutsclwr and Sieg, 95 ) . 
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I t  s e e m  likely that  f u t u r e  In\ c s r l ~ ~ t i o ~ ~ ~  u.il1 estend these obser- 
y;itions and that phospholipicics \\ I\! be foiind to  be an integral part 
of many other important enzymes. If this assumption is correct, it will 
perhaps become possible to reconcile into a single interpretation the 
various roles lvhich have been suggested for the phospholipides. For 
instance, the large amounts of these compounds in the mitochondria 
undoubtedly represent structural materials and at the same time their 
presence seems to be essential for the occurrence of oxidation pro- 
cesses in the cell. Furthermore, one may also think that the so-called 
'' lipometabolic phospholipides " actually are lecithin component of 
enzyme systems, directly or indirectly involved in some stages of the 
catabolism of fatty acids. Thus the evidence for a close relationship 
between phospholipide turnover and fatty acid metabolism could be 
explained without postulating that phospholipide formation repre- 
sents an intermediary step in the metabolism of fatty acids. 

1 .  
7 -. 
. .  
4. 
5 
6. 

s.  

10. 

11. 
12. 

1 .;. 

14. 

IS. 

16. 
17. 
18. 
19. 

20. 
71. 
22. 

7 

REFERENCES 

Abdon. S. 0.. and Borglin. S.  E..  zlst.r Ph.zrv:.zi,j!. Tosirsl.,  3. - 3  (194-). 
Adlersbrrg. D., and Sohotks. H.. J .  -\-;ttr.. 2 5 .  2 5 5  (1943) .  
Anscll. G .  B.. a n 2  D,in.son, R.  hi. C.. Eir;r;-iit:. J . ,  50. 2-11 (1951). 
Amstein. H.  R .  V., Giori:em. J. .  48. 2-  (1951) .  
Artorn. C.. A r t - ; - .  Sei. E;!,.'.. 5 .  7 3  I ~ ) x \ .  
Artom. C.. 6:4!/. S , . i .  Ci3im, biol., 7. 109') (1925) .  
Artom. C., Arch. Fisiol.. 32. 5' (1933).  
Aitnm C.. E,!.'. S t - .  I!.,.' 6ioI. !;It,.., 1 3 ~  580 (1938).  
Artom. C.. u n y u b .  I O - I ( ~  
Artom. C.. in Lirer Injuiy (F .  %'. Hofbducr, d.). 7 . r - i ~ .  IOlh Co~ i f .  A h )  

Artom. c., unpub. (1952) .  
Artom. C.. and Cornatzer. W. E., .46str. Comm. SI-11 I n f e r n .  PhTsiol. CON,?. 

Artom. C.. .in> Ct'::l.i:LLi-. U.. E.,  /. E;..,]. Ci : ,  v; . 165. 3 ' ) ;  ( ; g - i G )  ; 1-1. --:I 

Artom. C.. and Corn.itzcr. W. E . .  .A!j~!r.  con:^:. ? i: 1v!t'rv.  C,)>i,:'. R:riEt .>n. .  

Artom, C., Cornatzer, W. E., and Crowder, M., J ,  Biol. Chem., 180, 495 

Artom, C., and Cornatzer, W. E.. J .  Biol. Chem.. 1'6. 919 (1948).  
Artorn, C., and Crowder, M . ,  Federnlion Proc., 8, 180 (1949) .  
Artom. C., and Crowder, M., Arch. Biochem., 29, 227 (1950). 
Artorn, C., and Croa-der, M . ,  Abstr .  Comm. XVIlI  l v l y r i i .  Phjs;ol. Cong. Copen- 

Artom, C., Crowder. hi.. and Swanson. hl .  A., Feder.?tjon Proc.. 10. I S 7  (1951). 
Artom. c.. Cron.dr:. 51.. dnd S\!-mson. h i .  A,.  unDub. 1051) 

F ~ ~ ~ ~ i d . .  6 2  ( 1 0 7 1  \ .  

0.dor.j. 56 ( 191-). 

(1947). 

C,imbridge., 2 2  ( 1949). 

(1949). 

hagen, 78 (1950). 

Artom, C . ,  and Fishman, W. H., I .  Biol. Chem.: 148,' 405,'415, 423 (1943) 
2 5 .  Artorn, C., and Freeman. J.. J .  E l .  ilfitrhell S c j .  Sor., 57, 199 (1941). 



2 40 PHOSPHORL'S ~ ~ I E T ~ 4 B C ) L I S i l I  

2-1. 
23.  Artom. C . .mJ I't.:ctti. G.. . - i o [ , '  0 1 .  41. 1 ( I o ; \ ) .  
26. Artom, C . .  md Pert t t i .  G.. 6: ,(- ., 1. 2 4 9  (19;6). 
2 7 .  Artom, C.. Perrier. C . ,  S ~ n t m g e l  .md, G.. and Segri., E.. X.iiurt2, 137% 

28. Artom, C.. and Reale, L.. h!;. S , : r .  1l.d. Biol. cper., 10, 880 (1935) ; Arch. 

29. Artom, C.. Sarzana? G . .  and SegrP. E., Arch. Z n t e r . ~ .  Ph~siol. .  4 7 .  2-45 (1938).  
30. Artom, C . ,  and Swanson, hi. A., 1. B i d .  Chetn., 175. 8'1 (1943). 
31. Artom. C.. cind Sn..msrn, hl. A., unpub.  (1919) .  
32.  Artom. C.. and Swanson, AI.  A.. I .  B i d .  Chein. ,  193, 4 7 3  (1951) .  
33 .  Augur, H. S.. Rollman, H., and Deuel, H. J., Jr., J. Nutr., 33, 1-7 (1947).  
34 .  Awapara. J.. Landua, A. J.. and Fuerst, R., J. B i d .  Chem., 183, 545 (1950). 
35. Ball, E. C.. and Cooper, O., I .  E i d .  Chem.. 180, 113 (1949).  
36. Barnes, R. H.. Miller, E. S.. and Bur;. G. O., I .  Biol. Cbt-)):.. 140. 2 3 3  (1941) .  
37 .  Barrenscheen. H. K.. Z .  phjs iol .  Chem., 284,  2 2 8  (1919) .  
38 .  Berthet. I., Berthet. L., Appelman, F., and de Duve. C., Biochern. I . ,  50, 182 

39. Bloom. B.. Chnikoff, I. L.. Reinhardt, W. O., and Dauben, W. C . ,  1. Biol. 

40. B l ~ ~ n r n .  B.. Chikoff, I .  L., Reinhxd:. W, O., Entenman, C., Jnd Dauben, W. 

41. Bloor, W. R., Okey. R.. and Corner. G. .. I .  B in / .  Chew..  86. 291 ( 1 9 3 0 ) .  
-12. Bo1lm.m. I .  L.. F!c:-L. E .  I,.. F.- i<r. / :   PI..,^.. 5. 215 ( l N 6 ) .  
4.;. Booth. F. J.. E :  I ) . ' .  1.. 19. 2d-L ( 1 0 5  
44. Buchm.in. J .  A cinnr. j. C.. and Delluva. A.  hi . .  J .  6: 7.'. C;-:Y~: . 1-3, 81 

45. Gmpbel l .  R. hI., and Kosterlitz, H. W'.. A651r. Cotnrn. 1 s t  l u t e r v .  Cnv?. Bin- 

-16. Campbell. K .  31.. .inJ Kojte:litz. H.  W-.. I .  EnJcc-riual., 6. 308 (1950) .  

4s. C.intoni. G I... /. 6: .' ": . 189, 203,  7-45 ( 1 9 i I )  : F:-.!: 

Artom. C . .inJ Al.irzi&lni, R. .  6u!i. S ) r .  C;i/tu. hi,;/.. 6.  -1: (  LO:.^). 

8-16; .I~L.I!'. Sri .  F.lrrti.i'.*../,. 11. 1 (193-) .  

S C ; .  Bi9)i.. 21. 368 (1935) .  

(1951) .  

Chevi.. 189. 261 (1951) .  

G., /. 6i0i'. Ch??71., 184, 1 (1949).  

( 19-4,q ) 

1- c.~w~-I:"i<?, 2 1 { lL149).  

T. 5.. E!,'-/: '  9 ) : .  1.. 50. 4-13 (19 

. .  330 ( 1 9 5 2 ) .  
-19. C C : & , .  B.. . lG< bicl I . . .  Pi:. + c : : ' . i ,  32, 5 - 5  (Iyi~)). 
5 0 .  Chalkoff. I .  I . .  P ;. K c :  .. 11, 291 (1942) .  
51.  Chni~caff. E..  .I.!:. Pvo!ein Chem.. 1. 1 ( 1 9 1 ; ) .  
5 2 .  CIi.ir.q.iA. I:.. .in\! Kc,:( '1. .A.  5.. I. Ei.)!. C6,17:.. 1-54. 5 i  s ( 1 O i O  j 
5 ; .  C h t r n i i k .  c .  SI::.L.. P. h.. .mi Ci1.ilhciff. I .  I . ,  1. I;: .' C:c~l:.. 1-9. 11 ;  I 194b)). 
51.  Colonick. 5 . .  and Curi. C .  F..  Proc.  S u i .  E s p .  Eioi .  , \ I d . .  40. 586 (1959) .  
57 Cnnt.irL!i. .4 .  .isL! Erckili,  A , .  E/ c , ' : .~ : .  Z. .  261. 2 - 5  (~(>:i\ 
56. Curnatzi-r, W. E., and Artom, C., 1. El.  iWtchell Sri .  Sor.. 65, 190 (1949). 
5'. Cornntzer. W'. H.. 3nd Artom, C., I .  Biol. Chem.. 1'8, 7 - 5  (1919). 
58. CrmvJer .  h f . .  nnd Artom. C.. F * l ' P r . i ? j O t 2  Pror. .  11. 109 ( 1 9 7 2 )  
59.  C ~ O \ ~ . ~ ~ L : .  ,\I . . inLl .Art< ni .  c.. unpLb.  (1952) .  
60. Desnuelle. P.. Naudet. M., and Constantin, M. J., Biochim. Biophps. Act.?. 2. 

61. DILuzI~J ,  X. R.,  .mci Zl iv t r jmi t ,  D.  B., Fedc.l-ation Pror., 11, 3-1 (1952) .  
62. Dubnoff, J .  W., Arch. Biochem., 24 ,  251 (1949) .  
63. Eik.;ti.in. H .  C . .  J .  Bioi. Che.77:. 62 .  '43 ( 1 9 2 5 ) .  
64. Ennor. :I H . .In ! r\ovnht.r,c. ti . zi: ; b C ~ ~ ~ : .  1.. 50. 524 (1952) .  
65. Entenmm, C., Cli.iikoTi, I .  L.. dnd Friedlmder, H. D., I .  Biol. Chetn.. 162. 111 

66. Fairbairn, D., J .  B i d .  Chem..  157, 615 (1915) .  
6'. F,iirbairn, D.. 1. B i d .  Chm..  173, 705 ( 1 9 4 s ) .  
6 8 .  F a ~ ~ r , ~ e r .  P.. H c l ! .  Phi r i g ! .  .-1c-?.i. .  -. C-41 (19 i9 ) .  
69. Fi5hlcr. A t .  C.. T.iuros, A, .  f't.r!n:in. I . .  ; i n k 1  Ch.iiko:f, I .  L.. 1. Bi,,i. i i : i c ~ n ! . .  

' 0 .  Fishman. W' H.. m d  Artom. C.. /. Biol .  C h c ~  . 154. 100. 11- (19.44') : 164. 

561 (19-15) : 5 .  q61 (195')).  

( 1946). 

141, 809 (1941) .  

30: (1916) .  



111 , 11, .I I.. I I l  

-5 .  
-6. -- 
' 8 .  
-9. 

SO. 
81. 
82.  
S;. 

84.  
8 5 .  

86. 

t I 1 2 5 1 0  



I L I  I i o b l n w n  .? [ ' < r ! ~ , i n .  1 .  iiubcn. 5 .  . i n k !  Cil.llknti. I I - ,  .\-.i:urc. 141. 11') 

132 .  S J k m r .  b.,, /. . Cb,.tr;.. 176, ( 1 0 , t S )  
13; .  L i r x n d .  G . fi 1 0 .  1 9 -  (19;:). 
174.  L l w - h n e r .  H.. 

(, 19%. I 

t. I .  L.. 1. 6101. Chem.,  146. 95 ( 1 9 4 2 ) .  
1 3 5 .  S c h m l i ! t .  G ,in, H . and Th.innhJu.;c-i-. 5 .  J . .  1. &o/. Chei,:., 161. 53.5 

( l Y 4 5 ) .  
136. Schmidt-Nitlson. K.. Ari.1 P h ~ i i o l .  ~kztzd.. 12, Suppl.. 3' ( 1946) .  
12'. Sinclair, R G.. /. B i d .  Chcm., 82. 11' (1929) .  
128. Sinilair, R .  G., 1. 6iol. C /J t fu . .  8s. 5 - 5  ( 1 9 3 0 ) .  
129. Sinclair, R.  G., Phisiol .  R e i . ,  14. 31 ( 1 9 3 4 ) .  
130. Singal, S. A.. H ~ z a n ,  S. J., Sydenstricker, V .  P., and Littlejohn, J .  XI., Fe4er.i- 

131. Shoshkes. hl.. Geyer. R. P., and Stare. F. J.. Proc. S o i .  Exp. B i d .  Med., 75, 680 

132. Steensholt. G. .  Aci'r. Physiol. skand., 10, 333 (1945) .  
133. Stetten, D., J r . ,  1. Biol. Chem., 140, 143 (1941); 144, 50 (1942) .  
134. Stetten. D., Jr.. and Grail. G. F., J .  Biol. Chem., 144. 175 (1912).  
135. Stillman, S.. Entenman, C., Anderson. E., and Chaikoff, I. L.. Endocrinm'og!', 

1-6. Siillman, H., and Wilbrandt, W., Biorhetz. Z . ,  2'0. 3 2  (1931).  
137. Swanson, hi. A., and Alitchell, hi. C . .  F e d e r d o n  Proc., 11. 296 (1952).  
1;s. T.iur(3.c. A. qunte,! hy Ctuikofi. I .  L. ( 5 , ~ ) .  
1 .?9. T.iurci:;.. A.. Cii.i:k:>r?, I .  L.. mil  Pcr1m.in. I.. 1. 6if;.', Chsnz., 145, 281 (1341) .  
140. Tidu.cll. H.. 1. 6i.ii. CbC-lc.. 182. 405 ( 1950) .  
1 i l .  TIJn.cll. H .  C.. J n J  S.1slc.r. hl .  E.. F;>Er.cicr? Proc..  10: 253 (1951) ; 11. 299 

1 4 2 .  Thnnnhauwr. S.  J.. and Reichel. hl. .  J .  B ~ G I .  Chem.. 135. 1 (1940) .  
14;. Tolbt-rt. 51. E . .  .ind Okey. R., J .  62;I. Chzm., 194. - 5 5  (1951) .  
144 .  Tropp, C.. mL! \S.ilJersheim. V., Z .  pbjrio2. Chern., 222. 39 ( 1 9 3 3 ) .  
1 - 4 5 ,  Yeitch. F. P.. an2 Zn.eig. G.. J .  .-l*?:;r. Chem. Sac.. '4. 1321 (1952) 

1 ~ 0 ~ 2  Prcc.. 11. 23- ( 1 9 5 2 ) .  

( 1730) .  

31.  AS1 ( 1 9 4 2 ) .  

(1952) .  

i.72 k Z t ,  L.. B:OiheVi. 2-0, 31. 3 5  (19j4): 2-6. 1. 11 ( 1 9 3 5 ) ;  

ViLi.il B r t x d .  J .  J . ,  and Elias, V. E., .4rrb. F - i r w .  Liioquimr. T i i c u ~ r ; . ; ~ .  5 .  -- 
1 :  28s. ;51 (19 .  

14-. 

; i s .  \'ifno.;. P. I .in.! C.:aro!:i G .  L..  F:.: 
(1950) .  

( 1v5: ) 
150. \'.iIkc.!-. D I\I  . q u o t d  bv CJmpbell and W o r k  ( 3 8 ) .  
151. A cin1iol;ic. > . J X ~  Braver, J. I. ,  /. Bioi. Chem., 143. 61: ( 1 9 4 2 ) .  
152. Weinhouse. S.. m.i Friedmann, B., J. Biol. Chem.,  191, (1951) .  
153.  Weim.in. E.  0.. Chaikoff. I .  L., Entenman, C., and Dauben. W. G.. J .  Biol. 

154. Weissbach. A , .  Federafioiz Pror., 11. 308 (1952) .  
1 5 7 .  K'ittkoff. H . 7 h c 2  Ph/:rpl~.rtider. p. 99. Reinhold Publishing Corp.. New York 

156. Zeller, E. A., in The Enzjrnes,  I (Sumner, J. B. & K. Myrback, eds.), p. 986, 

15-. Zeller. E .  A . F c ~ i " r . i ~ ~ ~ , ~ z  Proc . ,  11, 316 ( 1 9 5 2 ) .  
15s .  ZilL-ersmir. D. B., .md DiLuzio, N. R.. /. Bio~'. CL-ct?].. 194, 6-3 (1952).  
159. Zilversmit, D. B.. Entenmm, C . ,  and Chaikoff, I.  L.. 1. B i d .  Chem., 172, 637 

160. Zilversmit. D. B., Entenmm. C., and Chaikoff, I .  L., J. Biol. Chem., 176. 197. 

1 4 q  Vt-Ilk. 51 F , 1 1  n , s , m .  R.  H.. a n 2  

c; : '~. .  18-. G I ' -  ( 1 9 5 t J ' ) .  

( 1 9 5 1 ) .  

Acad. Prr5c Publ.. K e n -  York ( 1 9 5 1 ) .  

(19-1s). 

(1943) .  



111 1 1 

[Repnoted from the Journd of the American Chemical Socletj. 74, 2 4 1 1  ;19521.1 

Preparation of Cl4,Methyl Labeled 
Dimet h ylaminoethanol 

!’ 

By Camillo Artom and Marietta Crowder 



111 1 1 

[CONTRlBL.TIO\i FROM THE DEPARTMENT OF BIOCHEMISTRY, BOlvla.4N GRAY SCHOOL OF MEDICINE, WAKB FOREST COLLBCB] 

Preparation of C"-Methyl Labeled Dimethylaminoethanol 
BY CAMILLO ARTOM AND MARIETTA CROWDBR 

2-Liethylaminoethanol (1 mM./rnl ) is r d u x e d  for 6 hours with Cr4-formaldehyde (1  mM./ml.). Unreacted 2-methyl- 
arninoethanol and formaldehyde are  destroyed with nitrous acid and alkaline iodine, respectively. CI'-Dimethylamino- 
ethanol is recovered by two successive steam distillations (yield 4070 based on the isotopic formaldehyde). The solution is 
of isotopic purity sufficient for biological experiments. No dimethylaminoethanol is formed a t  p H  < 7, unless formic acid 
is also added. 

In the course of our studies on the role of dimethyl- 
arninoethanol (DMA) as a likely intermediate in 
choline metabolism,1-3 Cl4-methy1-DX\ was pre- 
pared by refluxing 2-methylaminoethanol (MhLI) 
with C"-ionnaltlehyde (F.1' in ilkaline solution. 
CHaSIlCil-Cli:OlI + 2HC"klO ---+ 

C"H,CHaSCHICH$OH + HCI'OOH 

The highest yield, based on the F.l, was obtained 
with about 1 mU. each of FA and 3IM.4 per ml. 
of solutiuu, and was but \-er).- slightly increased by 
addition of fonnate. No D11-4 was formed a t  
,3H < 7 ,  unless forniic acid was a150 added. -1 
cornprison between these conditions and those of 
nther methods for the reductive methylation of 
~ i i i n e s ' - ~  m3y be of some theoretical interest. 
From the practical viewpoint, the present proce- 
dure. in  spite of its lower !.ield, is extremely simple 
and tile ;lruc!uzt is of a suliicient isotopic purity to 
he used directly fl>r most biological experiments. 

Experimental 
For the radioactive measurements (thin mica window or 

Q-gas flow counter), both standard and unknown samples 
were brought to a uniform weight bv adding the  proper 

IS thiri tilm onto aluminum dishes covered by lens paper. 
2-Dimethylrminoethanol.-Into a small flask fitted with 

.i grou:id g 1 . i ~ -  condenser, 3 ml.  of a 2 . 5  JI x d u t i w i  of 2-  
tnethylamiuoethimol, b.p. 1j9-160° ( 5  rnJl.), 1.8 ml. of a 
solution of C1clabeled formaldehyde' (300 microcuries, 
1 . 6  rnM.) and 0.7 ml. of alkaline borate, PH 10.0 (6.2 g. of 
boric acid in 104 ml. of .V S a O H )  are added. The mixture 
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is refluxed for 6 hours, cooled and neutralized with 2 .V HCI. 
The unreacted 2-methylaminoethanol is destroyed by add- 
ing 10 ml. of 30y0 sodium nitrite and 5 ml. of glacial acetic 
acid. After 10 minutes in ice, the mixture is made alkaline 
with saturated NaOH. aerated vigorously for 0.75 hour 
f r n  remove t!!e oxiilcc nf nitrogen', then ste:l!n di.:il!t ' 
\ ,E'~rn~>-\V~g:icr a;ip.irJ!,A:'j for 0.5 hour in to  4 m!. of .'$ 

HCl. To eliminate traces of C"4omaldehyde whch  may 
be carried over in the distillate, 1 ml. of 1% inactive FA, 
1 rnl. of S iodinc and a slight excess of .V SaOH 3re added 
After acidification, the  excess iodine is reduced with 570 
NaHSO,. The solution is concentrated to  a few ml. ,  made 
dk .J ine  and Steam distilled again into 4 ml. of .V IIC! 
The distillate contained 1.87 m l f .  of DM.1 (by  titration: 
n 40.6% yield, based on the added FA) and 41.0% of the 
c w n t s  introduced C!'-FA. 

The extent !o uhich cther  iso!,;:Jic iiroc!uct;, i s : rodgcd  
or fzrined du rkg  the reaction. hsd ' : > ~ L U I  

terniinrd. Inxr ive  forn:a;dehyde. formic 
\vi> added to separate aliquots of the so1u:ion of isotopic 
DMA. The mixtures were acidified a n d  distilled. In the 

verie. of C!' Jnd  Cl' :rxcasur: i 
i th coid alkaline K l i n O , ' ~  rverc:. 

9; and U.IIS; formic. a c i ~ l ,  ' 1 '  

and 0 ;  methmol, 99 and 0.09. 
F rnm both 3etix-c :~nd innctive i n . i ! ( . ! i , i l G  the p 

x i c i  dcrivitii-r '.vis prcpJrcci'0 w i t h  v.iriab:t ~-1~1cis  ( r  
depending on the amounts of DMA present or added as a 
carrier). The m.p. was 196" (unchanged by admisturr 
i v i t h  an authentic sampl- of D l f A  picrolonate; reported.:' 

:!IC l i : : i ; - .  r,f c'rror of OUT Z ~ C J ~ L T C T : I L : I : - .  

the specific activity of tbe picrolonate was the same as that 
calculated for the DM.4 in solution and was not changed 
. i f I v r  sc:.erJ! reeryst.il!izdirioris frnm water and alcohol. 

A d .  Caicd. for C,,HUS,OO: C, 47.59; H, 5.42; N, 
19.82. Found: C, 47.48, 47.89; H, 5.35, 5.58; N, 19.45, 
19.71. 
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