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Changes in the diurnal  rhy thm of mi toses  were  invest igated in the l ive r  of r a t s  aged 2, 7, 15, 
22, 45, and 90 days.  In the per iod  of e a r l y  postnata l  development  (2-15 days) the rhythm of 
mi tos i s  is b iphas ie  with peaks  of mi to t ic  act ivi ty (MA) in the morn ing  and evening (between 4 
and 10 P.M.). At the age of 22 days,  although the rhythm r e m a i n s  biphasic ,  a high propor t ion  
of the cell  d ivis ions  is found in the morn ing  (10 A.M.). By the age of 45 days the rhythm of 
of mi to s i s  b e c o m e s  monophasic ,  and MA reaches  i ts  max imum at 4 A.M. and its min imum 
during the af ternoon and evening, cor responding  to the rhy thm in adult animals .  At no s tage 
of the invest igat ion was a s ignif icant  i nc r ea se  in the number  of mi toses  found 1 h a f t e r  i n t r a -  

p e r i t o n e a l  inject ion of thyroxine.  Converse ly ,  at c e r t a in  t imes  of day in the an imals  of s o m e  
age groups MA was signif icant ly lower  than normal ly .  

Despite  many  invest igat ions of the  diurnal  rhythm of mitot ic  cell  division in m a m m a l i a n  t i s sues ,  the 
question of age changes in the c h a r a c t e r  of the rhythm, pa r t i cu l a r ly  in the e a r l y  s tages  of postnata l  develop-  
ment ,  has  been inadequately studied. An impor tan t  investigation in this field was that  conducted by  Bogatova 
[1] on the cornea l  epi thel ium and adrenal  gland of ra ts ,  in which it was shown that the definit ive r h y t h m  
of mi tos i s  becom es  es tab l i shed  in the cou r s e  of postnata l  development .  Meanwhile, data  of this type a r e  
essen t ia l  for  an explanation of the age changes in the level  of cell  p ro l i fe ra t ion  in different  t i s sues  and for  
evaluat ion of changes in mi to t ic  act ivi ty (MA) of the t i s sues  af ter  exposure  to ce r t a in  fac to r s  [2]. 

The object  of the p re sen t  invest igat ion was to s tudy age changes in the diurnal rhythm of m i to se s  in 
the r a t  l iver .  The poss ib i l i ty  of changes in MA taking p lace  in the l i ve r  ce l l s  a f te r  adminis t ra t ion  of thyrox-  
ine to the an imals  was studied at the s a m e  t ime.  The s t a r t ing  point for  this s e r i e s  of expe r imen t s  was the 
r e su l t s  obtained by Romanov et al. [5, 6], showing that  MA r i s e s  sharp ly  (by 3-4 t imes)  in  ce r ta in  organs,  
including the l iver ,  at shor t  t ime  in te rva l s  a f ter  inject ion of thyroxine.  This  worke r  called this phenomenon 
the "G2-effect  of thyroid  ho rmones . "  It was decided to study to what extent this effect  is mani fes ted  in ani-  
m a l s  of different  ages and whether  it depends on the phase  of the diurnal  rhy thm of mi tos i s .  

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

Rats  of six age groups (2, 7, 15, 225 45, and 90 days) were  used. The an imals  were  kept  under natural  
conditions of l ighting and with f r ee  access  to food. The r a t s  were  sac r i f i ced  in groups of four or five at a 
t ime  at 3 -hour ly  in te rva ls  during the 24-h per iod.  Mitoses were  counted in the sect ions on the ave rage  among 
20,000-30,000 cel ls  for  each animal.  The mi to t ic  index 0VII) was exp re s sed  pe r  thousand cel ls .  In the expe r i -  
men t s  to s tudy the effect  of thyroxine,  the technique suggested by  Romanov et al. [5, 6] was used. The ex p e r i -  
menta l  an imals  aged 7 days  or  m o r e  rece ived  an in t raper i tonea l  injection of thyroxine 1 h before  sac r i f i ce  
in a dose  of 10 g g/100 g body weight. The numer ica l  r e su l t s  were  subjected to s ta t i s t ica l  analysis  by  the 
F i s h e r - S t u d e n t  method.  
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TABLE 1. 

Ages u n d e r  

Time of day 

10 A.M. 

1 P.M, 

4 P.M, 

7 P,M, 

10 P.M, 

1 A . M .  

4 A.M. 

7 A.M. 

Mean for 24-h 
period 

Time of 
day 

10 A. M. 

1 P,M. 

4 P.M, 

7 P.M. 

10 P,M. 

IA .M.  

4A.M.  

7A.M.  
Mean for 
24-h peri- 
od 

D iu rna l  changes  in MI (in ~ in Rats  of Di f fe ren t  
N o r m a l  Condi t ions  and a f te r  In jec t ion  of Thy r ox i ne  

normal 

MI I P 

10,2 
3,015 

5,5 
3,148 

3,6 
~,05 

6,8 

5,0 
0,17 

4,0 

3,6 
0,07 

1,5 
0,001 

5,1 

Age of animals (in days) 

0,07 

0,24 

0,09 

0,003 

0,013 

7-8 
I normal normal 

MI [ p 

3,5 

3,1 

4,0 

3,2 

4,4 

3,0 

3,1 

2,3 

3,3 

injection of 
thyroxine 

MI ] p MI ] p 

4,0 

2,7 

2,5 

3,9 

3,4 
0,27 3,5 

0,204 I 3,6 
0 1403 ! 

I 3 ,6  
0,235 ] 3,4 

I 

15 

0,000 

0,003 

injection of 
thyroxine 

M I [  p 

0,004 

0,047 

0,35l 

Age of animals (in days) 
22 45 90 

normal 

MI ] p 

rejection 
of thyr- 
oxine 
MI 1 P 

injection 
normal of thyr- normal 

oxine 
MI] p 

0,5 
0,081 

0,1 

0,~ 

0,7, 

0,I 
0,15 

1,9 
0,18 

8,4 

7,0 
0,02 

2,3 

MI I P 

injection of 
thyroxine 

MI ] p 

10,8 [9,8 
0,001 [ 0,009 

4,4 3,1 
0,20 0,10 

2,8 1,4 

0,05 
7,2 

0,30 
2,2 

6,0 
0,06 

4,8 

MI[ P 

0,081 

0,128 

0,631 

0,03 

0,27 

0,017 

0,03 

0,03 

0,05 
0,17 

0,11 

0,08 
0,26 

0,02 
0,003 

0,19 
0,003 

0,02 

0,07 

0,09 

0,04 

0,00 

0,04 

0,04 

0,05 

0,14 

0,00 

0,05 

0,27 

0,444 

0,192 

0,01 

E X P E R I M E N T A L  R E S U L T S  

The  r e s u l t s  a r e  g iven  in Tab l e  1. On the 2nd day af ter  b i r t h  the d i u r n a l  r h y t h m  of m i t o s e s  was b i p h a -  
s ic  with a s i gn i f i c an t  i n c r e a s e  in  MA at 10 A.M. and at 7-10 P .M. ,  with a m i n i m a l  leve l  of ce l l  d ivis4on at 
7 A.M. (P< 0.003). The even ing  m a x i m u m  of the  n u m b e r  of m i t o s e s  was  l ow e r  than  the m o r n i n g  m a x i m u m .  

On the 7 th-8 th  day  of p o s t n a t a l  l i fe  the d i u r n a l  changes  in  MA were  e x p r e s s e d  as  s m a l l  bu t  s i gn i f i can t  
d i f f e r e n c e s  b e t w e e n  the m a x i m a l  (at 4 and 10 P.M.)  and m i n i m a l  (at 7 A.M.) va lues  of ce l l  p r o l i f e r a t i o n .  
In jec t ion  of t h y r o x i n e  led  to a d e c r e a s e  in  MI at  n e a r l y  all  t i m e s  of the i n v e s t i g a t i o n  in  the c o u r s e  of the 
24-h  pe r iod ,  and a s i g n i f i c a n t  d e c r e a s e  was  ob ta ined  at the t i m e s  of the m a x i m a  of ce l l  d i v i s i o n  in  the  n o r -  
rea l  a n i m a l s  (at 4 and 10 P .M.) .  The s m a l l  i n c r e a s e  in MI at 1 A.M. is  not  s ign i f i can t .  

At the age 15 days  a t e n d e n c y  toward  an i n c r e a s e  in the n u m b e r  of ce l l  d i v i s i o n s  d u r i n g  the m o r n i n g  
(7-10 A.M.) b e g a n  to appea r .  At the s a m e  t i m e ,  however ,  the evening  m a x i m u m  of MA con t inued  at 7 P .M.  
Both i n c r e a s e s  in  MA w e r e  s i gn i f i c an t  r e l a t i v e  to  the m i n i m a l  l eve l  of c:ell d i v i s i o n  at 1-4  P .M.  The r h y t h m  
was  b i p h a s i c  in c h a r a c t e r .  Af te r  i n j e c t i o n  of t hy rox ine  MI was  i n v a r i a b l y  a l i t t l e  be low n o r m a l  a l though the 
d e c r e a s e  was c lose  to s i gn i f i c an t  only in the p e r i o d  f r o m  10 P .M.  to  1 A. M. The s m a l l  i n c r e a s e  in  MA at  
4 P.M. is  not s ign i f i can t .  

The  d i u r n a l  r h y t h m  of m i t o s e s  in  the l i v e r  o f  the 2 2 - d a y  r a t s  was d i s t i n c t l y  b i p h a s i c  in  c h a r a c t e r  with 
the  m a x i m a l  n u m b e r  of m i t o s e s  at 10 and 1 A.M. and the  m i n i m a l ' n u m b e r  at 7 P .M.  and 4 A.M. (d i f fe rences  
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signif icant ,  P = 0.001). The level of cell  p ro l i fe ra t ion  observed  during the morn ing  was much higher  than 
i ts  level  in the evening and at night. The ampli tude of the fluctuations in MA inc reased  sharply,  mainly  on 
account of an inc rease  in the number  of m i t o se s  at the t imes  of the maximum.  The diurnal  changes in MI 
a f te r  injection of thyroxine coincided to a l a rge  extent with the changes in the in tact  r a t s .  It mus t  be  noted, 
however ,  that  at all pe r iods  of the invest igat ion MI in the course  of the 24-h per iod was a l i t t le  below n o rma l  
a f te r  injection of thyroxine,  although the d i f fe rences  were  not significant.  The i nc rea se  in MI at 4 A.M. is 
not significant.  

In r a t s  aged 45 days  the diurnal  changes in cel l  p ro l i fe ra t ion  had the c h a r a c t e r  of amonophas ic  rhythm,  
s i m i l a r  to the rhythm in adult animals ,  with a m~ximum of MA at 4 A.M. and a min imum in the afternoon 
and evening. The d i f fe rences  a r e  significant  (P - 0.01). The high level  of MA at 4 A.M. (12.6 ~00) was ev i -  
dently due to the beginning of mi tos i s  of a l a rge  number  of b inuclear  ce l l s .  Injection of thyroxine led to a 
d e c r e a s e  in MI c o m p a r e d  with normal,  e spec ia l ly  at 1, 4, and 10 P.M. (P = 0.011, 0.017, and 0.037, r e s p e c -  
t ively).  The c h a r a c t e r  of the change in the number  of m i to se s  was v e r y  s i m i l a r  in the two groups of r a t s .  

In the l i ve r  of the r a t s  aged 90 days  the diurnal  rhy thm of m i to se s  was b iphas ic  in c h a r a c t e r  with 
m a x i m a  of MA at 7 P.M. and 4 A.M. and m i n i m a  at 1 and 7 A.M., but the m a x i m u m  at 4 A.M. was significant  
(P = 0.003) whereas  the i nc r ea s e  in MA at ~7 P.M. was not quite significant  (P = 0.06). Never the less ,  the 
evening r i s e  in the number  of m i t o s e s  was not accidental ,  for  it was v e r y  s im i l a r  to the evening m a x i m u m  
in MA c h a r a c t e r i s t i c  of the rhy thm of mi tos i s  during ea r ly  pos tna ta l  development ,  and it  can evidently be  
obse rved  under  ce r t a in  conditions in adult an imals  a lso .  Inject ion of thyroxine led to a d e c r e a s e  in the level  
of MA at m o s t  t imes  of invest igat ion throughout the 24-h per iod.  However,  the d e c r e a s e  was significant  
only at 4 P.M. (P = 0.037). Twice in the course  of the 24-h per iod (at 10 and 1 A.M.) MI was a l i t t le  nigher 
in the an imals  rece iv ing  thyroxine than in the intact ra ts ,  but this i nc r ea se  was not s ignif icant  (P = 0.08 and 
0.17, respec t ive ly) .  The c h a r a c t e r  of the mitot ic  rhythm changes sl ightly af ter  the inject ions of thyroxine,  
and a significant  i nc rea se  in the number  of cell d ivis ions was obtained at 10 A.M. (P = 0.01). 

During the ea r ly  pos tna ta l  development  of r a t s  the diurnal  rhy thm of cell  division is thus dis t inguished 
by  a genera l  b iphasic  cou r se  with a cha r ac t e r i s t i c  m a x i m u m  of the number  of m i t o s e s  at 7-10 P.M. The 
morn ing  m a x i m u m  of MA obse rved  in the l i ve r  of r a t s  aged 2 days is poss ib ly  a ref lec t ion of the ma t e rn a l  
rhythm.  Star t ing  about f rom the age of 3 weeks,  a l a rge  number  of cel l  d ivis ions  is obse rved  in the morning,  
and by  the age of 45 days a dis t inct  monophas ic  rhy thm of mi toses ,  cha rac t e r i s t i c  of the adult animal,  is 
es tabl ished.  

So f a r  as the  rhy thm of m i t o s e s  in r a t s  aged 90 days is concerned,  i t  is worth  noting that  a high level  
of MA in the l i ve r  of adult  r a t s  and m i c e  dur ing the morn ing  has been r epor t ed  by s e v e r a l  w r i t e r s  [2-4]. 
However ,  it is  known tha tunder  ce r t a in  exper imenta l  conditions a second evening maxin ium of MA can a r i se  
in the l i ve r  at 6-8 P.M.,  i .e. ,  at  a c h a r a c t e r i s t i c  t ime  of high MA in young animals .  

It is in teres t ing  to note that the dec r ea se  in the mean  MA for  the 24-h per iod appeared  for the f i r s t  
t ime  a f te r  the age of 45 days .  

After  injection of thyroxine no s ignif icant  i nc r ea se  in the number  of m i to se s  was found at any per iod 
of the invest igat ion.  Meanwhile there  was a s l ight  tendency for  the number  of m i t o s e s  to diminish,  as shown 
by  a s ignif icant  d e c r e a s e  in MA af ter  injection of the compound at ce r t a in  t i m e s  of day  in an imals  of d i f f e r -  
ent ages.  The r e s u l t s  p robably  conf i rm the views e x p r e s s e d  [7, 8] r egard ing  the acce le ra t ing  action of 
thyroxine  on mi tos i s  but  they do not conf i rm the concept  of the nG2-effeet of thyroid ho rmones ,  w 
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