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proliferating cells one or more mechanisms 
may exist which result in succinic dehydro- 
genase and also alpha-glycerophosphate dehy- 
drogenase becoming dissociated from CoQlo 
and the cytochrome electron transport chain. 

The nature of the alteration of quinone- 
dehydrogenase relationship which occurs in 
the regenerating liver and hepatoma appear to 
differ. In coasidering the pattern of respolnse 
of the reductases of regenerating liver to the 
2 quinones, account should be taken of the 
fact that regenerating liver is a sharply self- 
limited proliferative process occurring in an 
adult tissue. Accordingly. an attractive hy- 
pothesis for explaining the effects of the 2 
quinones on this tissue is that the proliferative 
mechanism is related to a reversible dissocia- 
tion of the 2 dehydrogenases from the elec- 
tron transport system by virtue of some ef- 
fect on CoQlo. Under these conditions it 
mizht be more difiicult for CoQlo added in 
nitro to couple with the dehydrogenase than it 
would be for an unnatural quinone such as 
menadione. In  the hepatoma this type of 
postulated reversible mechanism wodd pre- 
sumably be lacking. The pronounced en- 
hancing effect of CoQlo on the 2 reductases 
of the hepatoma suggest that in this tissue 
there simply is a lack of available quinone 
which is most efficiently supplied in nitro by 

addition of the naturally occurring quinone. 
Conclusion. Quantitative histochemical 

studies of sections of normal liver, regenerat- 
ing liver and Novikoff hepatoma have shown 
that the succinate-INT and alpha-glycero- 
phosphate-INT reductase systems of these 
tissues are not saturated with respect to quin- 
one. Compared to normal liver, degree of un- 
saturation is considerably greater in regener- 
ating liver and hepatoma and largely accounts 
far those low reductase activities which are 
observed in these 2 tissues. Response of sec- 
tions of regenerating liver and hepatoma to 
CoQlo and menadione differs. CoQlo is very 
effective in hepatoma. In  regenerating liver 
CoQlo is relatively ineffective whereas en- 
hancement of reductase activity brought 
about by menadione is profound. 

1. Wattenberg, L. W., Cancer Res., 1959, v19, 1118. 
2 .  Ogawa, K., Zimmerman, H. M., J .  Histochem. 

3 .  Monis, B., Nachlas, M. M., Seligman, A. M., 

4. Wattenberg, L. W., J .  Histochew. Cytochem., 

5 .  Higgins, G. M., Anderson, R. M., Arch. Path., 

6. Novikoff, ,4. B., Cancer Res., 1957, v17, 1010. 
7. Green, D. E., Lester, R. L., Fed. Proc., 1959, v18, 

987. 

Received April 6, 1960. P.S.E.B.M., 1960, v104. 

Cytochenz., 1959, v7, 342. 

Cancer, 1959, ~ 1 2 ,  1238. 

1960, v8. 

19.11, v12, 186. 

- -__I- 

Dietary Fats and Effects of Internal Radiation by P32.g (25849) 

CAMILLO ARTOM AND HUGH B. LOFLAND, J R . ~  

Dept .  of Riochenzistry, Bowinan Gray School of Medicine, W a k e  Forest College, 
Winston-Salenz, N .  C. 

Several groups of workers reported that ad- 
dition of corn oil, cottonseed oil, or methyl 
linoleate to a fat-free diet significantly de- 
creased mortality of mice ( 1) or rats (2-6) 
subjected to total body irradiation. On the 
other hand, our previous data indicated that 
mice injected with single midlethal dose of 

*Work done under contract with U. S. Atomic 

t Technical assistance was given by C. Downs. 
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exhibited greater susceptibility to the iso- 
tope when fat  content of diet was raised from 
5% to 30% level(7). We have now compared 
effects of P32 on mice fed a fat-free diet with 
those observed in mice fed diets with 
high content of either a saturated fat (coco- 
nut oil), or an unsaturated fat (corn oil). 
Mortality was lowest in groups on fat-free 
diet. However, mice fed corn oil showed a bet- 
ter survival than those on coconut oil diet. 
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TABLE I. Composition of Experiniental Diets 
(Values in g/l00 g of Diet). 

Diet A Diet R Diet C 

Casein 20 20 20 
Ucxt r in 36 2 1  21 
Sucrose 36 2 1  2 1  
Hydrogenated coconut oil 30 
Corn oil 30 

I n  addition, all diets contained: Salt mixture 
(U.S.P. XIV),* 4 g;  vitamin diet fortification mix- 
ture,” 2 g ;  cellulose ( “ A l p h a ~ e l ” ~ ~ ) ,  2 g. 

” Nutritional Riochcmieals Corp., Clevelaud, 0. 

The beneficial role of EFAS became more 
clearly apparent in experiments in which fat- 
free diets, supplemented with small amounts 
of coconut oil, corn oil, or linoleic acid, were 
used, and mice maintained on diets for 2 to 4 
weeks before injection of PSz. 

Methods. In  each experiment, 120 to 160 
male albino mice (Rockland Farm “all-pur- 
pose” strain) with average initial body weight 
of 20 g were distributed in groups of 8 or 9, 
and housed in metallic cages with raised 
screen floors. In each of Exp. 1 to1 8, groups 
were maintained on fat-free diet (Diet A ) ,  or 
on a diet containing corn oil (Diet B)  , or co- 
conut oil (Diet C) (Table I).  In Exp. 9 to 
11, all mice received fat-free diet plus one of 
following supplements: coconut oil, 3% 
(Diet A-1), corn oil, 3% (Diet A-2), or lino- 
leic acid, 1.5% (Diet A-3). These supple- 
ments were added a t  the expense of dextrin. 
Animals were maintained on experimental 
diets for 3 to 15 days (Exp. 1-8), or 17  to 
28 days (Exp. 9-11), then most mice were in- 

jected intraperitoneally with 0.2-0.3 ml of 
Ringer solution of phosphate containing P2 
and continued on same diets for 6 more weeks. 
Amounts of PS2 injected/g of mouse were 
constant in each experiment, but varied be- 
tween 4.15 and 5 pc/g in different experi- 
ments. Control groups, maintained on esperi- 
mental diets for same periods, were injected 
with Ringer solution only. 

As in previous investigations( 7- 
l o ) ,  the following criteria were used as indi- 
cations of injurious effects, of the isotope: a )  
time of 50% deaths; b)  and c) % of sur- 
vivors a t  21st and 42nd day after injection; 
and d)  average survival time, a 42-day sur- 
vival being assigned to mice still alive when 
experiments were discontinued. In each ex- 
periment, data obtained on groups receiving 
PRZ have been corrected for mortality of con- 
trol groups maintained on same diet, but not 
injected with PS2. In  most cases significance 
of the difference observed between weighted 
averages was appraised statistically by apply- 
ing the Chi2 method to numbers of survivors 
and the t test (1 1) to survival times. 

I t  is apparent (Tables I1 and 111) that mice 
fed fat-free Diet A survived in greater num- 
bers and for longer times than those fed Diets 
B and C. These results agree with our pre- 
vious experiments ( 7 )  with diets containing a 
definite proportion of highly unsaturated fat  
(cod-liver oil) and varying amounts of fa t  
with low iodine number (“Crisco”) . 

On the other hand, the present results show 

Results. 

TABLE 11. Survival of Mice Injected with Pa and Maintainecl on a Pat-Free Diet (Diet A) ,  
or on High-Pat Diets (Diets B and C). 

Diet A Diet P, Diet C 
(fat-free) (corn oil, 30%) (coconut, oil, 30%) 

No. of mice inj. with Pa 21 6 326 348 
Avg food consumption/mousc/day, g 3.1 3.3 2.9 
” change in body wt (42 days),” g + .50 -1.09 - 1.26 

Time of 50% deaths, days 42 42 19 
81 
76 

58 
52 

45 
39 

Avg survival tinic, dayst 36 & .8 33 2 . 7  28 f .7 
___I_. 

Values are avg of 8 cxperirnents, and adjusted on basis of values obtained from control 
groups not inj. with Pa. Mice were maintained on experimental diets for 3 t o  15 days (avg, 
7.8 days) before inj. of Pa. Doses of Psz inj. varied between 4.15 arid 5 pc/g (avg, 4.34 p~c/g).  

* Survivors only. 
t Values preceded by 5 are stand. errors of means. 

$ EFA = Essential fatty acids. 
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that the diet containing a high yo of corn oil 
gave significantly better survival than the diet 
containing hydrogenated coconut oil. There 
were no marked differences in food consump- 
tion and body weight change, nor were other 
symptoms of EFA deficiency demonstrable. 

The  beneficial effects of EFA are further 
illustrated by results of Esp .  9-1 1 (Tables I\' 
and \'), in which m a l l  amounts of coconut 
oil, or corn oil, or linoleic acid were added to 
fat-free Diet A. Tn addition, prior to injec- 
tion of the isotope, mice were maintained on 
diets for longer periods ( 2  to 4 weeks). Even 
under these conditions, typical signs of EFA 
deficiency were not seen. However, mice in- 

2.5 
5.2 < . O l  2 ,  

1 3 
15 

t t ,  :according to Eisher(l1). 

jected with F2 and maintained on EFA-free 
diet died sooner and in a larger proportion 
than those receiving small amounts of corn oil 
or linoleic acid. Except for the % of survivors 
a t  42nd day, no significant differences were 
found in survival of animals receiving either 
corn oil or linoleic acid. 

I n  conclusion, i t  appears that there is no 
actual discrepancy between our previous ob- 
servation of higher mortality in mice injected 
with JX{2 and fed high-fat diets, and experi- 
ments of other investigators showing that ad- 
dition of fats rich in EFA to a fat-free diet 
gives a significant protection against total 
body S-irradiation. Presumably suscepti- 

TABLE 1V. Survival of Mice Iiijrcted with P2 ;mtl Maintained oil Diet A, Wupplemented with 
Hydrogenated Cocoiiut Oil, 3% (Diet A-l) ,  C'orn Oil, 3% (Diet A-2), or Liiioleie Acid, 1.5% 

(Diet A-3) .  

1)it)l A - l  Diet A-2 Diet A-3 
(coc.oiiiit oil. 2%') ( c o r n  oil, 3 % )  (ljnoleic acid, 1.5%) 

1 :3 
10 

4 0 
40 

TABLE V. 8t:ttistical ('omparison of S n r r i r a l  of Mice Iiijwtrtl with P" :ml Maiiitaiiied on 
I)iet A, Supplrnieiitrd wit11 Hyt1i~)geiiatctl ('ocoiiiit Oil, 3% ( I,iet A-1 ) ,  P o r n  Oil, 3% (Diet A-2), 

or I i i iolcic  Xci ( l ,  1..5(/; (Thet A-5) .  

KO. of survivors -4vg survival tirile 
KO. of 1nic.t. 21 days 42 d:rys 

Diets compared inj. wit11 P,i! ('hi2 P" Chi2 pX f t  P* 

13 <.Ol I. 0 'j < . O l  7.5 < . O l  
<.03 5.3 1 7  

?, 1.4 '> .05 
(i 

A-1 t ' ~ A - 2  198 
R-1 I ' S  A-3  19; 20 
A-2 11s A-3 183 1 >.05 ti  
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bility of animals toward radiation damage is 
affected both by level of dietary fat and its 
content in EFA. As long as a severe defi- 
ciency of EFA is not fully developed, mice 
injected with Px2 and fed a fat-free diet ex- 
hibit better survival than mice fed diets con- 
taining high levels of fats, saturated or un- 
saturated. At present, this adverse effect of 
fat-rich diets is difficult to explain. It is con- 
ceivable that radiation damage may be more 
severe (or less easily reversible) in animals 
whose tissues are being progressively depleted 
of EFA. 

Summary. Mice were maintained on vari- 
ous experimental diets and injected with sin- 
gle dose of radioactive phosphate (4-5 pc/g) . 
Higher % of survivors and longer survival 
time were observed in animals on fat-free diet 
as compared with those fed diets containing 
30% corn oil, or 30% hydrogenated coconut 
oil. However, with these high-fat diets, as well 
as with diets containing only minimal amounts 
of fats, a better survival was demonstrable 
when highly unsaturated fatty acids were 
present. I t  appears that, provided that defi- 

nite amounts of these fatty acids are included, 
a low-fat diet should be beneficial in allevi- 
ating effects of internal radiation by I):<%. 
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Ranzenhofer et  al. (1) showed that chicken 
spinal cord contains something that retards 
gonadal and comb growth. Retardation of 
gonadal growth is one of the properties of cer- 
tain pineal-tissue extracts (2 ,3 ) .  Another ef- 
fect of such pineal extracts is to elevate blood 
glutathione and eolsinophil counts in schizo- 
phrenic patients( 2,4). It was therefore de- 
cided to study effects of steer-brain extracts 
on these measurements. 

Material and methods. Patients used were 
all schizophrenic and had been hospitalized 
for a t  least a decade. Measurements of blood 
glutathione level, and of eminophil count were 
made as previously described (4). Extracts 

*Aided by grants from Commonwealth Fund and 
Wilson Labs. 

used were as follows: (a) in 4 patients, ex- 
tracts of steer-brain “septal” tissuet made by 
Heath’s modification( 5 )  of technic for making 
pineal extract reported elsewhere(4) ; (b) in 
2 patients extracts of whole steer brain (ex- 
cluding the pineal): made according to 
method previously described for pineal ex- 
tract (4). 

Observations. In 4 patients given “septal” 
extract the amount of extract given daily was 
derived from 42.5, 85 or 170 g of tissue/day. 
Dose of extract equivalent tol 42.5 g/day 
caused no significant changes (Case B ;  Case 
K)  ; dose of extract equivalent to 85 g of sep- 
tal tissueJday caused changes in blood gluta- 

t Supplied by Upjohn Co. 
$ Supplied by Wilson Lab. 


