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Under the influence of radon water taken internally,  activity of oxidoreductases in the ra t  
l iver was increased and the content of lipids and glycogen in the organ was modified. The 
changes observed were direct ly  dependent on the absorbed dose of radon. 

Experimental  and clinical investigations [1, 7, 8] have shown that administrat ion of radon and its 
fission products  influence metabol ism in the l iver,  although no information on the h i s tochemis t ry  of meta -  
bolic p rocesses  in the l iver t issue following internal administrat ion of radon water  could be found in the ac-  
cessible  l i terature;  only a note on the effect of radon water  on lipid metabol ism in the liver could be 
t raced [3]. 

The object of the present  investigation was to study activity of the oxidoreductases of l iver t issue in 
healthy experimental  animals (rats) receiving radon water  internally,  and to examine the changes in some 
indices of carbohydrate ,  protein,  and lipid metabolism under the same experimental  conditions. 

EXPERIMENTAL METHOD 

Experiments were carried out on 180 albino rats subdivided into 7 groups. The control group con- 
sisted of intact rats and rats receiving tap water in the same doses and under the same conditions as the 
rats of the experimental groups. The effect of natural radon water from Pyatigersk mineral springs with 
a radon concentration of 0.18 gCi/liter, and also of artificial radon waters with radon concentrations of 
0.18, 3.64, 36.4, and 364 t~Ci/liter, was investigated in the remaining five groups of rats. Radon water was 
given by gastric tube in a dose of ir ml daily for i, i0, and 21 days. 

Activity of oxidoreductases, and the contents of glycogen, lipids, proteins, and RNA were studied 
periodically during and after administration of the water for the three periods mentioned above, and also 
15 and 30 days after the end of the 21 day cycle of administration of radon water. Activity and localization 
of seven enzymes (sueeinate, malate, glucose-6-phosphate, ~-glycerophosphate, and lactate dehydrogen- 
ases, NAD- and NADP-diaphorases) were investigated by the methods described in Pearse's textbook [12]. 
Survey sections were stained with hematoxylin and eosin and by Van Gieson's method. The lipid content 
was determined with a mixture of Sudan III and Sudan IV, proteins by Danielli's reaction, glycogen by the 
PAS reaction, and RNA by Brachet's method. The activity of four enzymes (succinate, malate, and lactate 
dehydrogenases, NAD-diaphorase) was determined in three zones of the hepatic lobules by the quantitative 
cytophotometric method suggested by Morozov et al. [5], using a microspectrocytophotometer. The num- 
erical results were subjected to statistical analysis. 

EXPERIMENTAL RESULTS 

Visual examination of the liver of the control rats revealed higher succinate dehydrogenase activity 
in most lobules in the hepatoeytes of the periportal zone (Fig. la); activity of malate, glucose-6-phosphate, 
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Fig.  1. L ive r  of control  ra t :  a) succ ina te  dehydrogenase  
ac t iv i ty  h igher  in hepa tocytes  of the p e r i p o r t a l  zone; b) 
l ac ta te  dehydrogenase  ac t iv i ty  h igher  in Center of hepat ic  
lobule,  200 x.  

Fig .  2. Marked i n c r e a s e  in 
lac ta te  dehydrogenase  a c -  
t iv i ty  in hepat ic  lobule.  Ad-  
min i s t r a t i on  of radon water  
with concent ra t ion  36.4 #C i /  
l i t e r  for  21 days ,  300 x. 

Fig.  3. Sharp i n c r e a s e  in 
NADP-d iaphorase  ac t iv i ty  
in hepa tocytes  of a l l  zones 
of hepat ic  lobule.  Admin i -  
s t r a t ion  of radon wa te r  with 
concent ra t ion  364 # C i / l i t e r  
for  21 days ,  100 x.  

~ - g l y c e r o p h o s p h a t e ,  and lac ta te  dehydrogenases  and of NAD- and N A D P- d i a pho r a s e s ,  was highest  in the 
hepatocytes  of the cen t ra l  zone of the hepat ic  lobule (Fig.  lb) .  Differences  in the ac t iv i ty  of r e s p i r a t o r y  
enzymes  in d i f fe ren t  pa r t s  of the hepatic lobules have a lso  been r e p o r t e d  in the l i t e r a t u r e  [2, 6, 9-11], in-  
dicat ing that the cour se  of m e t a b o l i s m  dif fers  among the hepa tocy tes .  Quanti ta t ive cy tophotomet r ic  e s t i -  
mation of the enzyme act ivi ty  r evea led  a tendency for an i nc rea se  in suec ina te  dehydrogenase  ac t iv i ty  in 
the p e r i p o r t a l  zone of the hepat ic  lobule,  and of the ac t iv i ty  of ma la te  and lac ta te  dehydrogenases  and of 
NAD-diaphorase  in the cen t r a l  zone of the lobule (Table 1). The cy top lasm of the hepatocytes  was poor  in 
l ipids but ve ry  r ich  in glycogen inclusions;  la rge  quant i t ies  of p ro te in  and RNA also were  detected in it,  
and no zonal d i f ferences  were  observed  in the contents of these  subs tances .  

Visual  inves t igat ion of the ox idoreduc tases  of the l iver  in the expe r imen ta l  an imals  a f te r  a d m i n i s t r a -  
tion of natura l  and a r t i f i c i a l  radon wa te r  with a radon concent ra t ion  of 0.18 # C i / l i t e r  for  1 and 10 days r e -  
vealed no change in t he i r  ac t iv i ty .  Af te r  admin i s t r a t i on  of radon wate r  of the same  concent ra t ion  for  21 
days to the albino r a t s ,  quanti ta t ive invest igat ion r evea led  an i n c r e a s e  in the ac t iv i t i es  of succinate  and 
lac ta te  dehydrogenases  and of NAD-diaphorase .  The i n c r e a s e  in ac t iv i ty  of succ ina te  and lac ta te  dehydro-  
genases  p e r s i s t e d  15 and 30 days af te r  the beginning of the exper iment  (Table 1). The ac t iv i ty  and loca l i za -  
t ion of the o ther  ox idoreduc tases  inves t iga ted  in the l iver  t i s sue  was indis t inguishable  at a l l  t imes  f rom 
the cont ro l  in this s e r i e s ;  no change l ikewise  o c c u r r e d  in the content of p ro te in ,  RNA, glycogen,  and l ip ids .  
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Admin i s t r a t ion  of radon water  with a radon concent ra t ion  of 3.64 # C i / I i t e r  for  10 o r  21 days  caused 
a d e c r e a s e  in the glycogen content and a s l ight  i n c r e a s e  in the l ipid content in the l iver  t i s sue ,  and these  
changes p e r s i s t e d  at the end of admin i s t r a t i on .  A s ingle  dose of radon wate r  in the same concent ra t ion  
caused no changes in ac t iv i ty  of the ox idoreduc tases  of the hepatocytes .  Admin i s t r a t i on  of radon wa te r  
for  10 and 21 days  caused a more  marked  (compared  with admin i s t r a t ion  of radon wa te r  with a radon con-  
cen t ra t ion  of 0.18 i tCi / i i t e r )  i n c r e a s e  in ac t iv i ty  of succinate  and lac ta te  dehydrogenases  and NAD-dia-  
pho rase  (Table 1); the i n c r e a s e  in enzyme ac t iv i ty  of the l ive r  ce l ls  a lso  p e r s i s t e d  a f t e r  admin i s t r a t i on  
of radon wa te r .  No app rec i ab l e  abnormal i t i e s  in the ac t iv i ty  of the other  ox idoreduc tases  of the l ive r  in-  
ves t iga ted  could be found a t  any t ime in th is  s e r i e s  of expe r imen t s .  

Admin i s t r a t ion  of radon wate r  with a radon concentra t ion of 36.4 or  364 # C i / l i t e r  led to an even 
more  m a r k e d  and s ignif icant  i n c r e a s e  in the ac t iv i ty  of a l l  enzymes  s tudied.  Act iv i ty  of succ ina te ,  ma la te ,  
and lac ta te  dehydrogenases  and of NAD-diaphorase  i nc r ea sed  in a l l  zones of the hepat ic  lobules to such an 
extent that v isua l  inspect ion gave the i m p r e s s i o n  of diffuse s ta in ing of the cy top lasm of the hepatocytes  
and d i sappea rance  of the i r r e g u l a r  enzyme ac t iv i ty  in pa r t s  of the lobule (F igs .  2 and 3). However ,  on the 
whole the hepat ic  t i s sue  continued to show i r r e g u l a r i t y  of ac t iv i ty  of the r e s p i r a t o r y  enzymes .  In addit ion,  
quant i ta t ive  de te rmina t ion  of the enzyme act iv i ty  showed that the hepatocytes  in di f ferent  zones of the 
lobules  s t i l l  r e ta ined  the i r  enzymic  he te rogene i ty  (Table 1). Bes ides  the ac t iv i t i es  of succ ina te ,  mala te ,  
and lacta te  dehydrogenases  and of NAD-diaphorase ,  ac t iv i ty  of g lucose -6-phospha te  and (~-g lycerophos-  
phate dehydrogenases  and of NADP-d iaphorase  a lso  was i n c r e a s e d  in the hepatocytes  of a l l  zones of the 
hepat ic  lobules .  The content of p ro t e in  and RNA was unchanged af ter  admin i s t r a t ion  of wate r  containing 
high radon concentra t ions;  neve r the l e s s ,  at var ious  t imes  of these  s e r i e s  of expe r imen t s  the glycogen and 
l ipid content in the pa renchymatous  cel ls  of all  three  zones of the lobule fell  sha rp ly .  Basophi l ia ,  homo-  
genizat ion of the cy top lasm,  and a d e c r e a s e  in the s ize  of some of the ce l l s  were  obse rved  in the  hepa tocytes .  

These exper imen t s  r evea l ed  a definite d i rec t ion  of the changes in the l ive r  t i s sue  re f lec t ing  changes 
in the ac t iv i ty  of ox idoreduc tases  and some of the bas ic  p a r a m e t e r s  of ca rbohydra te  and l ipid me tabo l i sm.  
The changes observed  were  d i r e c t l y  dependent  on the radon concentra t ion in the wa te r ,  the dura t ion  of i ts 
admin i s t r a t i on ,  and the absorbed  dose of rad ia t ion  reaching  the l i ve r .  Smal l  doses  of radon (0.18 and 
3.64 #Ci / I i t e r )  lowered the glycogen content in the hepatocytes  and,  at  the s a m e  t ime ,  s l igh t ly  i nc r ea sed  
the l ipid content and ac t iv i ty  of succinate  and lacta te  dehydrogenases  and NAD-diaphorase .  The d e c r e a s e  
in glycogen content was evident ly  a functional change and was due to the s t imula t ion  of me tabo l i sm by the 
radon and mobi l iza t ion  of glycogen f rom the l ive r  depots [4]. On the o ther  hand, the i n c r e a s e  in lacta te  
dehydrogenase  ac t iv i ty  is evidence of a s imul taneous  i nc rea se  in g lyco lys i s  in the hepatocytes  t hemse lves ,  
in a s soc i a t i on  with i n c r e a s e d  ca rbohydra te  u t i l i za t ion .  The i n c r e a s e  in succinate  dehydrogenase  ac t iv i ty  
indicated s t imula t ion  of t i s sue  r e s p i r a t i o n .  The sma l l  i n c r e a s e  in l ipid content a l so  taking place  can p r o b -  
ably be a t t r ibu ted  to i ts accumula t ion  as a h igh-energy  m a t e r i a l  and it was the r e s u l t  of a d e c r e a s e  in the 
glycogen content in the hepa tocytes .  

In te rna l  admin i s t r a t i on  of radon  wate r  with high radon concent ra t ions  (36.4 and 364 it C i / I i t e r )  p r o -  
duced even more  marked  i n c r e a s e  in the ac t iv i t i es  of al l  ox idoreduc tases  inves t iga ted  with, a t  the same 
t ime,  a d e c r e a s e  in the l ipid and glycogen content.  The i n c r e a s e  in ac t iv i ty  of succ ina te  and mala te  de-  
hydrogenases  in the hepa tocytes  d i r e c t l y  r e f l ec t ed  s t imula t ion  of t i s sue  r e s p i r a t i o n .  Meanwhile the in-  
c r e a s e d  ac t iv i ty  of g lucose -6 -phospha t e ,  g - g l y c e r o p h o s p h a t e ,  and lac ta te  dehydrogenases  indicated s t i m -  
ulat ion of g lyco tys i s .  The s imul taneous  i n c r e a s e  in ac t iv i ty  of the oxidat ive and glycolyt ic  enzymes ,  de -  
s c r i bed  in the modern  l i t e r a t u r e  as a s ta te  of ae rob ic  g lyco lys i s  is  evidence of inhibit ion of the pas t eu r  
effect .  It must  t he re fo re  be concluded that the absorbed  dose of rad ia t ion  has a subs tan t ia l  influence on 
metabol ic  p r o c e s s e s  in the hepatocytes  of the hepat ic  lobules .  
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