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Progress &%port of the work done on 

TOXfCITY CF p2 AS FIXATED To THE DIET AND TO TEE FUNCTIONAL CAPACITY OF TIIE LIVER 

sponsored by the Atomic Energy Cocanission under direct  contract (AT-(40-1)-288, 
Tit le  I11 w i t h  the Barnman G r a y  School of Kodicim. 

Principal Investigators: Dr. George T. Earrell,  Jr., Dr. Canillo k b n ,  and 
Dr. David Cq-er 

The present report  covers the  work done fran k c h  16, 1950 t o  W c h  15, 1951. 
This work i s  a d i rec t  continuation o f  thct s m m i t e d  i n  a previous report of 
h c h  15, 195C. 

1. Genercl plan  of the eqeriments. 

During the past years, the s t u d y  of d ie twy f rc tors  which may protect t h e  
t i ssues  agcirs t  the i n j u r i o u s  effocts of the isotope has Seen continued actively. 
Since rd ioac t ive  Fhosphate exchanges repidly v i t h  the inorganic can?onentB of 
the bones, it semed likely t h a t  the danage t o  the bone marrow and the consequsnt 
impairment of i t s  blood c e l l  forming capacity represents the ch ie f  fcctor  f o r  t218 
toxici ty  of P a  (as well as of other radioisotopes which are d s o  deposited 
preferentially i n  t h e  skeleton). Accordingly, it was thou ht t h a t  a more o r  less 
marked Srokct ion  against the toxic  action o f  inorganic #= could be obteined by 
ei ther  o f  tho following mechanism: 
the isotopic >hos,-hc.te fron t h e  bones; t,%s Eo>i l i zz . t i o? r  should shorten t h  tbe  
of the eqosure of the Sone m a r r m  t o  ra8iation and consequently decrease Lulse 

severi ty  of t i s sue  damage; b) an increaso i n  the recovery and regeneration of 
the tissue, i n i t i a l l y  dmaged. In this respect, it sesned l i b l y  that the 
maintenance o f  821 adequate supply of the factors involved i n  normal hemopoiesis 
may be of great i rnpor t~ce .  

a) a,n increase ia the  r a t e  of  nobilization of 

2. Enrichment o f  *e diots  with phos2hcite o r  c i t ra te .  

In  experiments which w8 have reported Previously, *e beneficial  effects of 831 
increase i n  the phosphrh content of the & e t  have been noted. These resul ts  have 
been am extended and the interpretat ion t h 2 . t  ?hosphxte i s  mobilized and excreted 
fbrcqer cozfirned by the actual demonstrction of an increased elimination of the 
isotope in the urine. Several other series of eqeriments have been made x i th  the 
addition o f  considerable amounts of  sodium c i t r z t e  t o  the  diets. 
byinureiskg th oncentration of o i W i  i n  blood and t issue,  (taus rechcibg ca*)a the 

However, the data on both the  mortality or" the ani,aals and the r z t e  of excrotioz 
of tb isotope have been quite inconsistent, 2nd no s t a t i s t i c a l l y  significant 
difference was obserwd betmeen t h e  espcrizentd groups and tho controls. 

It was %oped that 

mobilization of t 0th calcium and phos?horus from the bones mould be enhanced. 

3. Ef'fects of para-Qrroid hormone. 

Since Lhe adninistrLtion of ?amthyroid hormone i s  said t o  mobilize c a l c i m  
f r o m  +&e bone and increase the excretion o f  ca1ci.m md ;?hos?horus i n  the rt"lr?e, 
several groups of n i c e  have been injected x-i<q SmathTpoid hornone shortly before 
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and immediatolg after the introduction of Po 
progress, and therefore no def in i te  statement can be made on this point. 
our  impression, hmever, that l i t t l o  or ao protection is npy-rent against the 
ef fec ts  o f  doses of p2 i n  the higher range of t h e  LD,, dose. 7?e a r e  planning 
to continue this s k d y  on enimals injected .Ibith smaller amounts of the isotope. 

Tho e:Veriments are  still in 
It  is 

32 
4. Effects of' f o l i c  acid and vitemin 3,, on Xie surV;-val of nice injected With P 

Anow the hmo2oietic f c c t o r s  vhich night d f e c t  Lye recovery fron r?-dirtion 
injury, f o l i c  acid and vitcmin B,, scexcd to be worth investigating. Sane  beneficial 
e f fec ts  of f o l i c  acid on the survival of & m i l s  irradiated by x-re.ys have been 
described. E-nrever, neither fo$%o 
henstological chm;;es following t o t a l  body irrcdiztion. 
(mentioned i n  our 1;st per's re?ort), the addition of large amounts of fo l i c  acid 
o r  vite=lin al, t o  the ciiets did  not give any signif icant  ?rotection w a i n s t  the 
t o x i c  ef fec ts  of lethal doses of p2. 
continued w i t h  the following changes i n  the dis?osition o f  the  experiments: 
a) the dose of p2 injected has been decreased t o  the lower r q e  o f  the LDeo dose, 
and the 1enf;th o f  the experiments increased from 3 t o  8 weeks, so t hc t  the effects 
of the v i t a i n s  on t h e  recovery of the a n i m a l s  (r2.ther than on the actual demge 
t o  the t i s sue )  could be studiedj b) since l u g e  mounts  of  v i t a m i r i s  a r e  probably 
s-pthesized by the in t e s t ina l  f lo ra ,  s u l f a s x ~ d i n e  was added t o  Lhe diets of the 
mimzl~ in en atten-t t o  reduce this source of vitc3i-n-s. &us# the e f fec ts  of the 
isotope on vitamin-deficient animals could be d i rec t lycmpared  with t h o s e  observed 
in animals  receivinr adequate mounts of the Frefomed vitamins i n  the d i e t j  
c) since several observetions point t o  e. synergistic action of mixtures of  various 
vitamins, especially of vitamin ijx, and fo l i c  acid, the  imlc t ed  and combined 
achnini8trztion of these and other vitamins has been tested. 
been used i n  these experiments. 
of experiments in vhich the action o f  fo l i c  (FA), v i t a i n  BIZ, bio t in  (Bio),  and 
Pitamin k' hzve been tes ted in nice on su l f ' a~d imwcon ta in ing  diets. 

acid, nor vitamin B,, appnred t o  modify the 
In p r e l h f i q  ex2eriments 

During the past months, the investigation W a s  

A t o t a l  o f  525 nice has 
I n  the f o l l m i n g  tr.ble m are s w r i z i n g  the results 

Table I 
Effects of Certe.in Vitanins on the Survival of Uce Injected with F2 

on c SulfzsL,gidine-Contai.cing Diet* .... ... 
Time of !of 
deaths 1 21st day 

... .... -1 ~- II -..----- Î  ,--- -.,E;, 

. ............. ...... __._ -.,. -rr .-- -_ 

. . . . . . . . .  

............. ........ 

. . . . . . . . . . . . .  

...<.. 



Table I (continued) 

Diet Bo. 34 (1) contdning 5 5  sulfrsuxfdine. 
incorporc.ted d e i l g  in the diet. 

A basal B v i t d n  mixture was 

t In  the celculntion o f  the avg,time of survival, a survival time of 56 deys 
vas ascribed t o  the mice s t i l l  a l ive a t  the eod of the experiments. 
preceded by + are the standard e r rors  of the means. 

Value8 

- 
fi Not injected w i t h  pbs. 

It should be aofnted out t h& xihen the resu l t s  of the control groups are 
compared w i t h  our Trevious deta on the tox ic i ty  of pa i n  z5ce or: d ie ts  -tho& 
sulfasuxidine, it i s  apparent t ha t  the inolusion of sulfasuxidine i n  the d ie t  does 
not increase the  suscept ibi l i ty  of the  eahals t o  the injurious action of the 
isotope. Fron the  previous end Firesent eqeriments,  the following conclusions C a n  
be drm: 
vitamin %, t o  diets n-ithout sulfaswddine had no significant e f fec t  on t h e  survival 
of mice injected w i t h  a dose o f  P i n  the hi&er r q e  of t he  LD,, ( 2 1  days)$ 
b) Supplementt..tion or" the sulfaswridine-contdaiininq, d i e t  w i t h  f o l i c  Eoid innroved 
s l igh t ly  the survival figures. Viterin 5,, done  was ncre effective. Wlien, however, 
both v i t m i n  E,, and f o l i c  acid were added t o  the diet, there mas a s ignif icant  
hprovenent i n  the survival of t h e  animals5 c )  Tile f'urfher addition o f  b io t in  and of  
a synthetic vitamin IC-like product did not enhance t h e  protection exerted by the 
mixture o f  f o l i c  acid, and vitanin BX2. 

. 

a) nhe addition of generous asounts of f o l i c  acid, o r  fo l i c  acid and 

The resu l t s  of them experiments w i l l  be reported a t  the meeting of the 
.Southeastern Section o f  the Society f o r  Exqxrknentnl Biology md %&cine t o  be 
held th i s  coming A?ril a t  O a k  Ridge, Term. 
submitted for  ,;ublicction i n  the I roceediqs  of  the S o c i e t y  fo r  Experimental 
B i o l o a  and kd ic ine .  

A corn-lete manuscript has been 

5. Effects of f o l i c  acid and I- vitamin BIZ on tho homntological changes fol l6sin& 
t he  introciuction of F. 

These e q e r i n e n t s  were cerried out w i t h  the yurpose of studying if and t o  what 
extent the beneficial  effects  of vitamin 5,, an6 fo l i c  Eci2 on the survival of mice 
injected ~~6th pa  could be ascribed to a more rapid o r  con_rlete recovery from the 
hematolosicel changes caused by the isotope. In a nunber of experiments, several 
groups of  m h . 1 ~  were maintained on the sm.e die ts  employed in the exrerirnsn'cs of 
t h e  ?receding section. 
a f te r  the introduction of  p2, s o  <hat suf f ic ien t  blood could bo obtained f o r  
determinations o f  hemoglobin, red blood cel ls ,  white klood cells and hematocrit. 
After a n  i n i t i a l  fall, the lienoglobin, red coll ,  and vAhi.tc c e l l  values rose 
yogrossfvel;; i n  e l l  group o f  animals. Bmrever, betwcon t he  12th znd t h o  36th day 
ef ter  the adninistration o f  P2, a l l  t hese  vzlues i n  t h e  blood of mice r e c e i v i x  
%le ;;lixture of Tolic acid and v i t a n h  %a we19 consistectly higher than i n  the blood 
o f  the other groups. 

O n e  animal i n  each group was saorifioed a t  regular la tervals  



4- 

while the differences are  perhaps ~ o t  quite s t a t i s t i c a l l y  significant, the 
data may be t&en as at least suggestive of a reletionship between the islproved 
hamatological picture and the Frolonged survivel of mice rewiving the mixture 
of f o l i c  acid m d  vitamin BIZ. 

6. Other e-qeriments. 

Preliminary series of expriments have d s o  been carried out in  order t o  
explore the  poss ib le  protection exertod by o t h e r  factors. Some o f  those factora, 
such as t h e  Z M n i s t r n t i o n  of cysteine, have been claimed t o  be effective i n  the 
protection against total body irradiction. To date,  our r o s u l t s  on mice injected 
m i t h  
bicarbonate (to make the d i e t  alkalosic), o r  m o n i m  chloride (to maku the d i e t  
acidosic) are  being tested, but much more work is required before definite statements 
on this Faint can be made. 

and cysteine are inconclus i~e ,  The affects of adding to the die ts  sodium 



SunnnarV of L&e work from I h o h  16, 1950 through Xarch 15, 1951 on the project 
described aa 

1'oXICITY OF Pa AS RELATm TO THE DIETS TO TEE FtJBCTIOIIAL CAPACITY OF TBE LIVER 

!the Wluence of a rider of dietary rectors on t h e  toxicity of ps injected 
i n t o  mice as sodium phosphcte ha8 been studied. 
ance of an adequate supply of B vitamins, sulfaswddine has been included in t h e  
diet  in order t o  reduce the synthesis of t h o  vi+-emins by t h e  microorganisms in t h e  
intestine. 
deficient and t h e  survival of mice on the same diet supplemented w i t h  the v i t d n s ,  
it appears tha t  the combined e.Mnistration of vitamin Bt, a d folia mid affords 
a quitu significant protec t ion  against the injurious action of the mdioisotope. 
It is  suggested thet such a protection i s  possibly due to the enhanced reoovery 
and regensrztion of the blood forming elements in the bone marrow.  

In an investigation o f  t h e  import- 

From a coo-parison between the survival of  mice thus made vitmin- 


