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Diurnal changes in the duration of mitosis were studied by the colchicine method in rats  aged 
45 days. In adult animals the mean diurnal duration of mitosis in the epithelium of the pan- 
c reas  and liver and in the epidermis  was reduced by almost  half compared with that at the age 
of 7 days. Diurnal changes in the mitotic indices for the t issues studied may be due to changes 
in the ra tes  in which the cells  s t a r t  to divide and also in the duration of mitosis.  
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The study of diurnal changes in the duration of mitosis ,  together  with investigation of the diurnal 
rhythm of mitosis ,  is essential  for a more  accura te  est imation of mitotic activity of the t issues and the ra tes  
of their  cell  renewal.  This information is also important  in order  to discover  whether diurnal changes in 
the number of mi toses  are  determined ent irely by the ra te  at which the cells commence mitosis or whether 
a r(~le is played also by change in the duration of mitotic cell  division at different t imes of the 24-hper iod  
[3-81. 

In the investigation descr ibed below diurnal changes in the duration of mitosis were studied in the exo- 
cr ine epithelium of the pancreas ,  the epithelium of the esophagus, the liver, and epidermis of ra ts .  

EXPERIMENTAL METHOD 

Experiments were carried out on 72 rats aged 45 days. Animals of the control group were killed at 

intervals of 2 h in the course  of the 24-h period, three ra ts  at each time. The experimental  animals r e -  
ceived an intraperi toneal  injection of colcemid 4 h before sacr i f ice  in a dose of 3.5 mg/kg  and they were 
killed at intervals of 4 h, six ra ts  at each time. The mitotic index (MI) and the index of blocked mitoses 
(MIC) were determined per  thousand cells on the basis of examination of 10,000-15,000 hepatocytes and eso-  
phageal epithelial cells, 3000-4000 cells of the s t ra tum basale of the epidermis,  and 15,000-18,000 ceils 
of the pancreat ic  acini. The duration of mitosis  (t m) was determimed by the equation 

MI .t 
l m ~  

MIC 

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

The resul ts  are given in Tables 1 and 2. 

Pancreas .  In the epithelium of the control  animals a diurnal rhythm of mitoses was found with a max- 
imum at 10 a.m. (P2-i0 = 0.001). The dec rease  in MI in the period f rom 6 to 8 a.m. was not significant (P-- 
0.14). The minimal number of mitoses was observed at 8 p.m. (P16-20 = 0.05). 

Changes in MIC were s imi lar  to the changes in MI. The largest  number of MICs also was observed 
between 6 and 10 a.m. and the smal les t  between 10 p.m. and 2 a.m. (P= 0.008). 
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TABLE 1. Diurnal Changes in MI, MIC, and tm in the Pancreas and 
Liver of Rats Aged 45 Days 

Pancreas Liver 

Time ofday 

con- 
trol treatment with colcemid 

period ~ % "g 
ofday ~."~ ~ 
(hours) ~ j ~s S 

con- 
trol 

4 

treatment with colcemid 

potiod L 

(hours) E 

12 noon 
2 p.m. 
4 p.m. 
6p~m~ 
8 p.m. 

10 p.m. 
Midnight 

2a.m. 
4 a.m. 
6 a.m. 
8 a . m .  

I0 a.m. 

Mean 
values 

0,6 
1,8 
1,3 
0,9 
0,5 
1,3 
1,2 
1,0 
1,4 
2,0 
0,9 
3,2 

10--14 

14--18 

18--22 

22--2 

2--6 

6--10 

1,2 4,3 

1,3 5,3 

0,9 5,4 

1,2 3,7 

1,5 5,3 

2,0 14,9 

1,4 6,5 

1,1 

1,0 

0,7 

1,3 

1,1 

0,5 

I 

0,9 

0,2 10--14 
0,2 
0,1 14--18 
0,3 
0,2 18--22 
0,0 
0,4 22--2 
0,6 
0,4 2--6 
0,3 
1,5 6--10 
0,9 

0,4 

0,2 

0,2 

0,3 

0,4 

0,9 

0,4 

1,5 

1,3 

0,7 

0,5 

0,8 

2,2 

1,2 

t,2 

0,6 

1,1 

2,4 

2,2 

1,6 

1,5 

T A B L E  2. D iu rna l  Changes  in MI, MIC, and tm in the Esophagus  

and E p i d e r m i s  of Ra t s  Aged 45 Days 

_ Esophagus ] Epidermis 

COn- I con- ] treatment with colcemid treatment with colcemid 

period of day ~ ,-g ~ period ~ "~ ~= .~ of day ~ ' - .  ~ .~ 

12 noon 2,9 
2 p.m. 2,6 
4 p.m. 2,5 
6 p.rn. 3,4 
8 pgn. 3,4 

i0 p.m. 1,0 
Midnight 5,5 

2 a.m. 6,0 
4 agn. 10,1 
6 agn. 9,7 
8 aan. 7,8 

10 a.m. 8,7 

Mean values 

10--14 

14--18 

18--22 

22--2 

2--6 

6--10 

4,7 22,3 

2,8 I 13,4 

2,6 6,8 

4,1 55,0 

8,6 45,6 

8,7 53,8 

5,2 36,1 

0,8 

0,8 

1,5 1,5 
0,7 

0,3 5,2 
8,9 

0,7 8,7 
10,2 

O,6 7,O 
4,0 

6,8 

2,9 10--14 
1,9 
1,9 14--18 
1,1 

18--22 

22--2 I 

2--6 

6--10 

3,2 13,5 

1,6 II,7 

I,I 5.9 

4,9 11,2 

9,2 15,8 

6,7 18,9 

4,5 12,8 

0,9 

0,6 

0,7 

1,7 

2,3 

1,4 

1,2 

The longes t  dura t ion  of m i t o s i s  (1.3 h) was o b s e r v e d  in the  pe r iod  f r o m  10 p .m.  to 2 a .m.  ~nd the 
s h o r t e s t  (0.5 h) f r o m  6 to 10 a .m .  (P= 0.001). 

C o m p a r i s o n  of the data  for  MIC and tm  with changes  in MI leads  to  the conc lus ion  that  the high v a l -  

ues  of MI in the p e r i o d  f r o m  6 to 10 a .m.  w e r e  due ma in ly  to  the r a t e  at which the c e l l s  began  to d iv ide ,  fo r  

MIC at this  t i m e  r e a c h e d  i ts  m a x i m u m  and tm  was m i n i m a l .  However ,  in the pe r iod  f r o m  10 p .m.  to 2 a .m.  
the r a t e  at which the  c e l l s  began  to d iv ide  w a s t h e  lowes t  and tm was m a x i m a l .  At th is  t i m e  of the 24-h  p e -  

r iod  the low va lue  of MI was ev iden t ly  l a r g e l y  due to the long du ra t ion  of m i t o s i s .  

The L i v e r .  A d iu rna l  r h y t h m  of the n u m b e r  of m i t o s e s  was found in the c o n t r o l  an im a l s  with a m a x i -  
m u m  at  8-10 a .m.  and a m i n i m u m  dur ing  the a f t e rnoon  and even ing  (12 noon to 10 p .m.) .  

D i f f e r e n c e s  in the va lues  of MI w e r e  s ign i f i can t  if MI fo r  the pe r iod  noon to 10 p .m . ,  when the  n u m b e r  

of c e l l  d i v i s i o n s  was  s m a l l ,  was c o m p a r e d  with the o ther  p e r i o d s  of the i nves t i ga t i on  (midnight  to 10 a .m. ) ,  

dur ing  which  m i t o s e s  w e r e  m o r e  n u m e r o u s  (P= 0.009). 

The va lue  of MIC was m a x i m a l  b e t w e e n  6 and 10 a .m. ,  a f t e r  which it f e l l  and r e a c h e d  a m i n i m u m  be -  

tween 10 p .m.  and 2 a .m.  

The va lue  of tm v a r i e d  f r o m  0.6 to 2.4 h but changed s ign i f i can t ly  only dur ing  the p e r i o d  f r o m  2-6  

p .m.  to 10 p . m . - 2  a .m.  (P=0 .01) .  The h ighes t  va lue  of tm  o c c u r r e d  be tween  10 p .m.  and 2 a .m. ,  when MI 

1 3 6 6  



in the control  group started to increase  and the rate  at which the cells began to divide, as judged by the rate  
of accumulation of blocked mitoses,  was at its lowest level. Conjecturally tm in this part  of the 24-h period 
affected the increase  in MI. However, in the period between 10 p.m.-2 a.m. and 6-10 a.m. MI increased 
threefold; the rate  at which the ce l ls  began mi tos i s  rose  significantly (P= 0.008), but t m remained almost  
unchanged. The dec rease  in t m in the period f rom 2-6 to 6-10 a .m.  was not significant (P = 0.3). Conse- 
quently, within this t ime interval  the changes in MI were mainly due to the rate  at which the cel ls  began 
to divide. 

Comparison of the resul ts  of this experiment with those of experiments  on 7-day-old rats  [2] showed 
that the mean diurnal values of these pa rame te r s  decreased by half or more  with age. The t ime for the 
number of cells  to double, calculated f rom the total number of mitoses blocked during the 24 h, increased 
with the age of the animals : in the pancreas  f rom 12.3 to 25.6 days and in the liver f rom 20 to 143 days. 

The Esophagus. In the control  group of animals a distinct diurnal rhythm of the number of mitoses 
was found with a maximum at 4-10 a.m. and a minimum at 10 p.m. The ine rease inMI  in the period f rom 
10 p.m. to 4 a.m. was significant (P= 0.02). 

The highest value of MIC was observed at night and in the morning, the lov~est between 6 and 10 p.m. 
The changes in MIC from 6-10 p.m. to 10 p .m.-2 a.m. were  significant (P= 0.002). Considering that the 
time of mitosis did not change significantly over the g rea te r  part  of the 24-h period (from midnight to 4 p.m.) 
it can be concluded that during this period of t ime the changes in MI in the esophagus were independent of 
tm. However, since tm was much higher between 6 and 10 p.m. than at all other t imes of day (P18-22 and 
P22-2=0.001), and since the ra te  of increase  in the number of mitoses was lowest, it can be postulated that 
the changes in MI at this t ime also were  determined by the value of tm. 

The t ime taken for the number of cells in the esophagus to double in ra t s  aged 45 days was 5 days. 

The Epidermis .  MI, the ra te  at which the cells s tar ted to divide (MIC), and tm showed s imi lar  
changes in the epidermis .  The highest values of the pa rame te r s  studied were observed at night and in the 
morning (midnight to 8 a.m.). In the afternoon and evening all three pa ramete r s  studiedfellsignificantly.  
Minimal values of MI, MIC, and tm were observed between 6 and 10 p.m. 

Since t m changed significantly only during one period (from 2-6 p.m. to 2-6 a.m.) but the changes in 
MIC were significant over a long interval of t ime, it seems that the diurnal fluctuations in MI were due more 
to changes in the ra te  at which the cells s tar ted mitosis than to changes in tin. 

It can be concluded from a compar ison of the resu l t s  of these experiments with those obtained p re -  
viously on ra ts  aged 7 days [2] that the mean diurnal values of MI in the epidermis do not change with age 
of the animals;  MIC r i ses  f rom 8.4 to 12.8 %o , tin falls f rom 2 to 1.2 h. The t ime for the number of cells 
in the epidermis to double is reduced f rom 20 to 13 days. 

The absence of age changes in MI in the epidermis is evidently due to two opposite p rocesses  : on the 
one hand, an increase  in the ra tes  at which the cells begin mitosis ,  as judged f rom the mean dinrnal increase  
in MIC, and on the other hand, a dec rease  in tm. 

In all the t issues  s tudied diurnal changes in tm were thus found. At the same time it was established 
that tm in the epidermis ,  liver, and pancreas  fell  by about half with increas ing age of the animals. Age 
changes in the diurnal ryhthm of the number of mitoses can be due both to changes in the ra te  of mitosis 
and in the ra te  at which the cells s tar t  to divide. 
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