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TOXICITY OF P32 AS R Z I A ' E D  TO THE FUI?CTIONAL CAPACITY OF THE LIVER 

sponsored by the Atomic Enerm Commission under direct  contract AT-(4011)-288, 
Ti t le  111, w i t h  the  Bd~nan Gray School of 3Jedicinee 

Principal Investigators: Dr. Caclillo h t o m ,  Dr. GeTe Harrell, Jr., and Dr. David C a p r .  

, 
According to the  or iginal  p l a n  of the investigation, the acute tox ic i ty  of 

p2 has been studied in  relat ion . to  the poss ib i l i ty  t ha t  changes i n  the functional 
capacity of the l i v e r  mag modify the suscept ibi l i ty  of the animals tmard  the 
radiation effects.  
deficiency of l ipotropic factors and of a par t ia l  damage of the l i ve r  by poisons 
such as C C l ,  has been studied. m i l e  the resu l t s  seemed t o  niminize such o. role  
i n  the acute toxic e f fec ts  of the isotope, they indicated definite differences in 
re lat ion t o  the cornposition of the diets. 
variations in several die-tzry coqonents have Seen investigated wit21 resu l t s  wkich 
seem of  a cer ta in  interest .  

In  the f i r s t  series o f  experiments the role of a dietary 

Accordingly, the effects  of quantitative 

The general disposit ion of  the eqeriments, the points investigaked, the 
resu l t s  obtained and the p l m s  fo r  future ex-eriments are sumnarized below: 

1. 
from a stock diet t o  experimental d ie t s  containing various amounts of protein (casein), 
fat, minerals, and vitamins. 
injected intraperitoneally with a single dose of NkHFQ, containing p2 (mostly 6 
nicrocuries per g. of body weight). 
recorded and the nice xaintained on "he die ts  f o r  three rmeks o r  Bore a f t e r  the 
injection o f  F2. 
c r i t e r i a  were used: 
survivors at the 21st  day; and 
evaluated s t a t i s t i c a l l y  using the X Z  and the C t e s t s  of significance. 
more than 650 mice have been used in the experiments summnrized belm, 

General plan of the experiments. Efiice of approximately 20 grams rrere t r rnsferred 

After 5 days on the experimental diets,  the nice were 

Food consunption and changes i n  weight were 

As an indication o f  the effects  of  the isotopes, the foll- 
b) Percent of a) T i n e  i n  days a t  which 505: deaths occurred; 

c )  Average t h e  of  SuIViVtCLe The resul ts  have been 
A t o t a l  Of 

2. 
21 days duration, using 90 mice maintained on a lG$ protein, 32;: f a t  diet, 
tnese conditions the IDEo dose l i e s  between 4 and 6 microcuries per gram of body h igh%.  

Detemhat ion of the  LDB0 dose. The LD,, dose vas detemined i n  experiments of 
In 

3. 
The resul ts  obtained i n  55 mice on a low Drotein, high f a t  d i e t  (which i s  deficient 

FattS. i n f i l t r a t i o n  of the l iver ,  CC14 poisoning pad li?otro?ic factors in the diet. 

l ipotropic factors  and causes an e*ensive fatt.j i n f i l t r a t ion  of the l i v e r )  ?rere C O P  
pared with %lose obtcined i n  43 nice, nnintained on the sme diet  sup?lcme=ted w i t h  
generous m o a t s  of ciioline. b- paother ser ies  of 30 mice, p r i o r  t o  iztrocluction of 
p?" %he l ive r  was ? a r t i d l y  ciaaged by 2 or 3 subcutmcous injections of  CCl,. 
these anhals  ;'rere then mrintcined on the  deficient d i e t  rrrd others on the S a m  d i e t  
su22lzxexted r i t h  ~ h ~ l i n e .  
g r o u p  on e i ther  the choline deficient o r  the choline suzgleiienced diet ,  vhether or 
not t h o  l i vc r  had becn nreviousl;. cimazed by CCl,. 

?art Of 

;hiever, no s i z n i f i c m t  difference was detected bebieen t h e  
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4. 
on 4 different  diets,  res2ectively l a m  i n  protein and f a t ,  high i n  protein and lam 
i n  f a t ,  1m i n  protein and high i n  f a t ,  high i n  both protein and fat. ne'resultg 
clearly show t h a t  the  suscept ibi l i ty  of  the animals t o  the i n j u r i o u s  action of  ? 
(6 microcuries per gram) increased d is t inc t ly  v i i t h  the increase in t h e  level  o f  
protein, or f a t ,  o r  both. Thus, w i t h  a dose of 6 nicrocuries of p2 per gram of 
body weight, the mortality of the mice on the high fa t ,  high protein d ie t  was 97% 
with 5% deaths a t  the 12th day, r~hereas i n  the nice on the low f a t ,  low protein 
diet, the mortali ty a t  the 21st day was 6% w i t h  5% deaths a t  the 15th dq-. 
tentatively suggested tha t  tne suscept ibi l i ty  t o  radiation injury p z a l l e l s  the rate 
of netabolism, and that the specific dynamic action o f  the dietary components 
(especially protein) may par t ly  explain the resu l t s  obtained. 

Variations i n  the level of dietary fat and protein. 280 d o e  wwre maintained 

It i s  

5. It mas thought possible that 
by increasing the amount of phosphate in the diets,  the mobilization of t h e  l?, 
i n i t i a l l y  deposited i n  the bone, would be enhanced and, consequently, the effective 
tim of exposue t o  the isotope of  the t issues  (especially the bone narrm) nould  
be shortened. 
w i t h  6 microcuries 2er gram o f  body weight. The resul ts  chmr a s ignif icant ly  decreased 
suscept ibi l i ty  in the  nice on the phosphnte enriched diets. Thus, i n  a group of mice 
on a d i e t  hiGh in  ?hos?hate (2.$ as E3W4) a nor t a l i t y  of 39$ a t  the 21st dzy mas 
observed as conprred w i t h  a mortelity o f  895 i n  the nice on 2 l a m  :kosphate d i e t  
(0.3s as 1$$0,): the times of 5C$ dea-tls i n  these two groups were 23 znd 14 days, 
re s?oc$ively. 

Variations i n  the phos?hz.ts content of the diets. 

Three series of  eTerheGts  mere made on a t o t a l  o f  167 mice, injected 

';[e have noyi i n  2rogress sone a2ditional ex:ieriionts in  vhich 1763 w e  s t u d y h g  the 
ra te  of e l ininat ion of Fo2 i n  r a t s  on diets  v i th  a low. nedium and high phosphate 
content. The resu l t s  obtained thus far seem t o  be i n  i ine  w i t h  
and therefore corroborEte the interpretation p7e have suggested. 
reported here. 

. $ Phosphate i n  3 i e t  $ o f  F2 elininzited in the 
a= WQ4) 1st day 2 - 3 days 

0.3 8.3 406 

the d i t a  on the tox ic i ty  
some of t h i s  da t a  are 

urine 
4 = 5 days 

Additional experiments m i l l  soon be started,  i n  which the action o f  o3mr  factors  
which might enhance the excretion o f  phosphate (such as parathyroid hornone, c i t ra tes ,  
etc.) will be investigated. 

A protective action against external 
as been desoribed. Te have reinvesti- 

gated this point on 160 mice injected wlth p2 and kept on various diets  with o r  with- 

I.e are hoxever, continuing our e:;?erk.ent with d ie t s  containing sulfasw-idine il? 89 
atten?t t o  irz5ibit the bacterlal  f l o ra  i n  the intestine,  whlch is m i n p o r t e a t  source 
o f  several v i t m h s ,  includin;; fo l i c  acid. 

0v.t ad2itions of f o l i c  acid. Tne resul ts  thus f a r  have been o f  doubtful significate. 
.-I 

70 ?'uture eqer inents .  
and t o  keep the animals under edqerirnent for longer periods. 
that  i n  ex2eriments of acute o r  sxbacute toxicity,  the percentage and t i n e  of survival 

It is Flcnned t o  use sonevhat smaller doses of radioactivity 
Indeed, it seems l ike ly  



are primarily influenced by factors which might enhance o r  attenuate the a c h a l  
darn 
die t  7 Factors (such as the par t ia l  damage of the l iver ,  o r  en i nc reaed  Supply 
of certain t i tanins)  may act, more probably, by impairing or  favoring, dircct ly  o r  
illdirectly, the recover;' of the damaged tissues. The extion o f  such factors  nay 
not be detectable i n  e q e r i i e n t s  of s h o r t  durztion and T.Tith high doses of the 
isoto?e, Tyhile t'neir role m y  becoze a p a r e n t  ir, studies on t h e  chronic e f fec ts  of 
rndiations. 

e t o  the tissues (as f o r  instance, a n  increased phosphate content of the 

!&e resul ts  s imar ized  above hme been reported o r  are on the 2rogram o f  the 
f o l l m . 4 x  sc ien t i f ic  seetings: . 

Southeastern Section of the Society of Experimental Biology and Liedicine, 
Durhm, No C., January 1950. 

Southern Society fo r  Cliniczl Zesearch, 1;m Orlems, La., I.!rrch 1950. 

Federation of the b e r i c m  Giologicrl Societies, A t lmt i c  C i 3 ,  iT. J., 
A p r i l  1950, 

A more extended paper, "Subacute To*city of Radioactive Ijhos&orus ?.s ?.elcted 
t o  t i e  Composition of the Diet", byI?* E. Cormtzer, G, T, Iiarrell, Jr., Da~4-d Cqer, 
end C , m i l l o  Arton has been accepted for pGblica';ion in the boceed inp  o f  the Society 
for ZGer5mntal B i o l o g y  md 1.bdicize. 
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Summary of the work done from July 1, 1949 t o  k c h  la, 1950 on the project 
described as 

sponsored S y  the Atonic b r g y  Conmission under direct  contract AT-(40-1)-288, 
Title 111, r r L t h  the Buri?aan G r q r  School of  Eedicine. 

In  mice maintained on a lo$ casein, 32$ fe t  diet  and injected intraj?eritoneally 
w i t h  a single dose o f  FcrS as N+HPOc, the LD,, dose at the 21s t  day l i e s  betmeen 4 
asd 6 microcuries per gram of body weight. 

Ileither “be f a t t y  i n f i l t r a t i o n  of the liver (induced by a deficiency o f  
l i2otropic factors, t7;_’&. o r  i-rithout par t ia l  danage of  the organ by poisoning w i t h  
CCl,), or i t s  prevention (by supplementing the d ie t  vith choline) c h q e s  the 
s u r v i v a l  figures. 

The t h e  of SO$ deaths, t h e  percentage of survival a t  the 21st day and the 
avercge survival t ine of nice injected Y r i a  F2 are hishest  wit11 a d ie t  lcrir i n  
f a t  and i n  protein, and are s ign i f i cmt ly  decreased -;:hen the level of C--e fa t ,  o r  
of the protein, o r  bo th ,  are increesod i n  t h e  diet. 

h i c lvnen t  of the d ie t s  :-rith inorgcnic phos-,hnte seem t o  afI’ord a significant 
degree o f  protection against the injurious oct ion of  p2. 

0 .  Harrell,  Jr., H, D, 
n 


