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Diurnal changes in the mitot ic  index in the fundal glands of the rat  s tomach reach  a high 
level between 7 A. M. and 4 Po M. and at 10 P .M.  The diurnal rhythm of the index of 
labeled nuclei shows maxima at 10 A. M. -1 P .M.  and 10 P .M.  During oral  admin i s t ra -  
tion Of radon waters  of different concentrat ions the (~-radiation affects the diurnal 
changes in mitotic index and index of labeled nuclei in the fundal glands of the rat  s tomach.  
The degree of the change in prol iferat ion and in the level of DNA synthesis  depends on the 
radon concentrat ion in the water .  

The pattern of mitosis  in the gastr ic  mucosa  of ra ts  in various functional s tates has been adequately 
studied [3]. 

This paper descr ibes  an investigation of the relationship between the diurnal rhythm of mi tos is  and 
DNA synthesis  in the epithelium of the fundal glands of the rat  s tomach and also of the charac te r  of the 
effect of ~- rad ia t ion  on changes in the level of DNA synthesis and the mitot ic  index in the gastr ic  mucosa  
of ra ts  receiving radon waters  by mouth. 

E X P E R I M E N T A L  M E T H O D  

Experiments  to determine diurnal changes in DNA synthesis and in the mitot ic  index were ca r r i ed  
out on 48 noninbred male albino ra ts  with a mean weight of 150-170 g. The animals were kept in art if icial  
illumination from 8 A. Mo to 4 P .M.  They received a natural diet ad libo at 10-11 A.M.  The ra ts  were 
decapitated during the 24-h period in groups every  3 ho All the animals received an intraperi toneal  in- 
jection of thymidine-H 3 1 h before sacr i f ice  in a dose of 0.3 # C i / g  body weight. The stomach was fixed, 
filled with Carnoy ' s  mixture ,  and embedded in paraffin wax; sections 4 t~ in thickness were coated with 
type R liquid emulsion.  The exposure lasted 20 days.  After development the preparat ions  were stained 
by the Dominici-Kedrovski i  method. Mitoses and labeled cells were counted in the fundal region of the 
s tomach in 100 longitudinally divided stomachs,  in samplings of 10,730 cells .  Cells were regarded  as 
labeled if there were at least  4-5 grains of s i lver  above the nucleus.  The mitot ic  index (MI) was expressed  
in promil le ,  and the index of labeled nuclei (ILN) in percent .  The numerical  resul ts  were subjected to 
stat is t ical  analysis  by the Fisher-Student  method. 

Experiments  to deterr~ine changes in the level of DNA synthesis and prol iferat ive activity during 
administrat ion of radon waters  by mouth were ca r r i ed  out on 140 noninbred male ra ts  weighing 200-230 g. 
Chlor ide-free  and radon waters  were introduced into the stomach through a gas t r ic  tube daily at 11 A.M. 
for  21 days. The animals were divided into 4 groups:  the animals of group 1 (the control) received 
chlor ide- f ree  water,  while the res t  received radon in doses of 0o01 t~Ci (group 2), 2.31 pCi (group 3), and 
23.1 #Ci (group 4) per  course .  An intraperi toneal  injection of thymidine-H a was given to the animals 1 h 
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Fig. 1 Fig. 2 Fig. 3 

Fig. 1. Diurnal changes in index of labeled nuclei (A) and mitotic index (B) in cells of fundal 
glands of the s tomach of intact ra ts .  Here and in Figs.  2 and 3: absc issa ,  t ime of day; 
ordinate, ]VII (in ~ and ILN (in percent) .  

Fig. 2. Diurnal changes in index of labeled nuclei in cells of fundal glands of the rat  s tomach 
during administrat ion of radon waters  by mouth. Ordinate, ILN (in %); A) control (chloride- 
free water) ;  B, C, D) radon water (0.01, 2.31, and 23.1 pCi per  course) .  

Fig. 3. Diurnal changes in mitotic index in cells of fundal glands of rat  s tomach during 
administrat ion of radon waters  by mouth. Ordinate, MI (in 0/00). 

before sacr i f ice  in a dose of 0.3 pCi /g  body weight~ The ra ts  were sacr i f iced in groups every  4 h during 
the 24-h period.  The numerical  resul ts  were analyzed as indicated above. 

EXPERIMENTAL RESULTS 

The results of the experiments on intact animals are shown in Fig~ I. The level of DNA synthesis 

in the cells of the fundal glands of the stomach showed significant changes during the 24-h period. The 

curve of these changes was bimodal in character with significant maxima at i0 A.M. -i Po M. and I0 P. Mo - 

1 A, M. The mean daily ILN was 3.2%. The curve of the changes in the number of mitoses during the 24-h 

period was much less demonstrative in character, although it was approximately bimodal. The number of 

mitoses reached a maximum at I0 P.Mo, with a significant decrease in mitotic activity toward 1 A.M. A 

second significant increase in M~ was observed between 7 A.M. and 4 Po M, The mean diurnal MI was 

2 ~ The ratio between ILN and MI was 16. According to the literature [3] curves of diurnal changes in 
the number of mitoses in cells of the fundal glands of the rat stomach may be either unirnodal, with a 

maximum between 2 and 6 A o M., or bimodal with maxima between 7 A o Mo and 1 P.M. and between 7 and 
10 PoM. 

Two maxima of the dividing cells also were obtained in the present  investigation, at about the same 
t imes .  The mean MI for the 24-h period also was s imi lar .  The interval between the maximum of DNA 
synthesis and the peak of mi toses  in these experiments  was 12 h, while in mice [1, 2] it was 6 h. These 
differences can probably be attributed to differences in the conditions of illumination under which the animals 
were kept. 

The resul ts  of th6 experiments  in which radon waters  were given are  shown in Figs.  2 and 3. 

In the control animals of group 1, which received chlor ide- f ree  water, there were few synthesizing 
ceils and the amplitude of the fluctuations in the diurnal changes of ILN was lowo The differences were 
significant between the ILN levels at 2 and 6 P .M.  (P=0o 02). MI for  the control animals was highest 
between 10 Po Mo and 10 A~176 The number of mi toses  reached a m i n i m u m  between 10 AoM. and 6 P: M. 

Changes in the level of DNA synthesis in the experimental  groups during administrat ion of radon 
waters  compared with the control were largely  s imi lar  in direction~ In all animals of these groups there 
was a significant increase  in the number  of cells synthesizing DNA at 10 P. Mo, while for  the animals of 
groups 3 and 4, receiving radon water  with the highest coneentration of radon, this increase  was observed 
at 10 A.M. The higher the radon eoncentration, the greater  the inerease in the labeling index. In the 
animals of group 2, which received radon water with the lowest radon concentration, no increase  in the 
level of DNA synthesis was observed at 10 A~ Mo In all the experimental  groups the diurnal rhythm of 
changes in ILN continued in the animals .  
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T A B L E  !o Mean D iu rna l  Changes  in 
ILN and MI in G a s t r i c  M u c o s a  of Ra t s  
R e c e i v i n g  Radon  W a t e r s  I n t e r n a l l y  

Type of water ILN Mt ILN/MI 

Chloride-free water 
Radon water 

0.01 pci  . . . 
Radon water 

2.31 vCi . . . 
Randon water 

23.1 g Ci . . . .  

1.34 

1.68 

1,88 

2.03 

1.48 

1.48 

1.22 

2.30 

9.0 

11.3 

15.4 

9.0 

Changes  in m i t o t i c  a c t i v i t y  u n d e r  the in f luence  of a -  
r a d i a t i o n  of the  r a d o n  w a t e r s  w e r e  l e s s  m a r k e d .  In the 
a n i m a l s  of group 4, r e c e i v i n g  r a d o n  w a t e r  in high c o n c e n -  
t r a t i o n ,  the d i u r n a l  r h y t h m  of MI p e r s i s t e d  and t h e r e  was  
a s i g n i f i c a n t  i n c r e a s e  in the n u m b e r  of d i v i d i n g  c e l l s  by  
co p a r i s o n  with  the  c o n t r o l  a t 1 0  Ao Mo , 6 P . M . ,  6 A . M . ,  
a n d l 0  PolYP. ( P < 0 . 0 0 1 ,  0 .002 ,  <0o001,  and 0 .05  r e s p e c -  
t i ve ly ) ,  with a t e n d e n c y  fo r  c e l l  d i v i s i o n  to i n c r e a s e  in 
i n t e n s i t y  at  the o t h e r  t i m e s  of day .  In the  a n i m a l s  of 
g roup  2, r e c e i v i n g  r a d o n  w a t e r  with the l o w e s t  r a d o n  c o n -  
c o n c e n t r a t i o n ,  the  d i u r n a l  c ha nge s  in MI w e r e  s l i gh t ,  but  
c o m p a r e d  with the  c o n t r o l  g roup  an i n c r e a s e  in the n u m b e r  
of d i v i d i n g  c e l l s  a l s o  was  o b s e r v e d  a t  6 Po Mo ( P = 0 . 0 2 ) .  

Somewhat  d i f f e r e n t  i n d i c e s  w e r e  ob t a ined  f o r  the a n i m a l s  of group 3 r e c e i v i n g  r a d o n  w a t e r  wi th  an a v e r a g e  
c o n c e n t r a t i o n  of r a d o n  (2~ 31 gCi  p e r  c o u r s e ) ~  In t h e s e  a n i m a l s  d i u r n a l  c ha nge s  in m i t o t i c  a c t i v i t y  w e r e  
o b s e r v e d  with the n u m b e r  of m i t o s e s  r e a c h i n g  a m a x i m u m  at  10 Ao Mo c o m p a r e d  with the c o n t r o l  a n i m a l s ;  
they  showed  a s i g n i f i c a n t  d e c r e a s e  in MI at  10 Po M. and a t  2 and 6 A o M . ,  i . e . ,  a t  t i m e s  of high v a l u e s  
of the m i t o t i c  index  in the c o n t r o l  a n i m a l s .  

C o m p a r i s o n  of the  m e a n  d i u r n a l  c h a n g e s  in ILN and MI (Table  1) shows  tha t  r a d o n  w a t e r  with an a c -  
t i v i t y  of 23 .1  #Ci p e r  c o u r s e  l ed  to an i n c r e a s e  in ILN and MI which  was  c l o s e  to s i g n i f i c a n t  ( P ~ 0 . 0 6  and 
0~ 02 r e s p e c t i v e l y ) ,  whi le  r a d o n  w a t e r  wi th  an acti~ i ty  of 2~ 3 pCi  p e r  c o u r s e  i n c r e a s e d  the l e v e l  of DNA 
s y n t h e s i s  (P=0o 02),  The m e a n  d i u r n a l  r a t i o  b e t w e e n  ILN and MI v a r i e d  a m o n g  the d i f f e r e n t  g roups  f r o m  
9 to 15. It is  d i f f i cu l t  to a s s e s s  the r e l a t i o n s h i p  b e t w e e n  the ILN and MI i n d i c e s  in the ani  .a ls  of the e x -  
p e r i m e n t a l  g r o u p s .  It was  m a i n l y  the i n c r e a s e s  in ILN tha t  w e r e  r e s p o n s i b l e  fo r  the  i n c r e a s e s  in m i t o t i c  
a c t i v i t y  t a k i n g  p l a c e  l a r g e l y  at  the s a m e  t i m e s  of day .  The a - r a d i a t i o n  of the r a d o n  w a t e r s  can  be c o n -  
s i d e r e d  to have  had s o m e  e f fec t  on the s y n c h r o n i z a t i o n  of s y n t h e s i s  and m i t o t i c  d i v i s i o n .  As  a r e s u l t  of the 
a c t i o n  of r a d o n  w a t e r  c h a n g e s  took p l a c e  in the l eve l  o f  DNA s y n t h e s i s  and  in p r o l i f e r a t i v e  a c t i v i t y  in the 
fundal  g lands  of the s t o m a c h  a t  c e r t a i n  t i m e s  of day ,  l a r g e l y  at  the t i m e s  of an i n c r e a s e  in ILN and MI.  It 
m u s t  be  e m p h a s i z e d  tha t  the c h a r a c t e r  of the e f f ec t  of t h e s e  d o s e s  d i f f e r e d  d e p e n d i n g  on the r a d o n  c o n c e n -  
t r a t i o n .  

io 

2o 

3o 

LITERATURE CITED 

So So L a g u c h e v ,  I. Vo M a r k e l o v a ,  L .  V. Soko!ova,  e t  a l . ,  in:  R e g e n e r a t i o n  and Ce l l  D iv i s ion  [in 
R u s s i a n ] ,  Moscow (1968), p~ 227. 
To Bo T i m a s h k e v i c h ,  in: R e g e n e r a t i o n  and Ce l l  D iv i s ion  [in R u s s i a n ] ,  Moscow (1968), p.  415o 
To Bo T i m a s h k e v i c h ,  in: R e g e n e r a t i v e  and P r o l i f e r a t i v e  P r o c e s s e s  in A n i m a l s  [in R u s s i a n ] ,  Moscow 
(1969), po 174. 

455 


