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The  s tudy  of t h e  2 4 - h o u r  p e r i o d i c i t y  of m i t o s i s  in o r g a n s  and t i s s u e s  has  a d i r e c t  b e a r i n g  on the  d i s -  
c o v e r y  of the  p r i n c i p l e s  g o v e r n i n g  c e l l  d i v i s i o n  in the  body  and i t s  r e g u l a t i o n .  The  24 -hou r  p e r i o d i c i t y  
of m i t o s i s  has  now been  e s t a b l i s h e d  for  m o s t  m a m m a l i a n  o r g a n s .  H o w e v e r ,  in the  g l ands  of i n t e r n a l  s e c r e -  
t ion,  the  c h a n g e s  in the  n u m b e r  of m i t o s e s  t h roughou t  the  24 -hou r  p e r i o d  have  not  been  a d e q u a t e l y  i n -  
v e s t i g a t e d .  

D e t a i l s  of the  2 4 - h o u r  p e r i o d i c i t y  of m i t o s i s  in the t h y r o i d  g land  of r a t s  have  been  p u b l i s h e d  [9-11],  
but  not  only  do they  not  a g r e e ,  but  in s o m e  c a s e s  they  a r e  d i r e c t l y  c o n t r a d i c t o r y .  In s o m e  c a s e s  [9], fo r  
e x a m p l e ,  the  n u m b e r  of m i t o s e s  w a s  found to be  m i n i m a l  at  8 a . m . ,  and m a x i m a l  at  11 p . m .  O the r  au tho r s  
[10, 111 r e p o r t  tha t  the  n u m b e r  of m i t o s e s  in the  t h y r o i d  c e l l s  i s  m a x i m a l  at  7 a .m .  and m i n i m a l  at  10 p . m .  
In the  i n v e s t i g a t i o n s  c i t e d  above ,  the  t i m e  i n t e r v a l s  be tween  the count ing  w e r e  long (8-12 h) so that  no c l e a r  
i d e a  could  be  ob ta ined  of t he  d y n a m i c s  of the  c ha nge s  in t h e  m i t o t i c  index  th roughou t  the  2 4 - h o u r  p e r i o d .  

No f i g u r e s  fo r  the  2 4 - h o u r  p e r i o d i c i t y  of m i t o s i s  in the  p a r a t h y r o i d  g land  could  be found i n t h e  l i t e r a t u r e .  

The  ob j ec t  of the  p r e s e n t  i n v e s t i g a t i o n  was  to s tudy  the  c ha nge s  in the  n u m b e r  of m i t o s e s  t h roughou t  
the  24 -hou r  p e r i o d  in t he  e p i t h e l i u m  and the  connec t ive  t i s s u e  s t r g m a  of the  t h y r o i d  and the  e p i t h e l i u m  of 
the  p a r a t h y r o i d  g l and  in r a t s  and m i c e .  

EXPERIMENTAL METHOD 

M a l e  a lb ino  r a t s  wi th  a m e a n  we igh t  of 100 g and m a l e  h y b r i d  C57B1 • CBA m i c e  wi th  a m e a n  weight  
of 20 g w e r e  u s e d  in t he  e x p e r i m e n t .  The  a n i m a l s  w e r e  kep t  on a n a t u r a l  d i e t  and fed  once d a i l y  at  9.30 
a .m .  and t h e r e a f t e r  w e r e  s a c r i f i c e d  at  3 - h o u r l y  i n t e r v a l s  d u r i n g  the  next  24 -hou r  p e r i o d .  At each  t i m e  
the  g l ands  of 5 r a t s  and  7 m i c e  w e r e  i n v e s t i g a t e d .  The  t h y r o i d s  of the  r a t s  w e r e  f i xed  in Z e n k e r - f o r m o l  
and the  g lands  of the  m i c e  in B o u i n ' s  f lu id .  S e r i a l  s e c t i o n s  w e r e  cut  to  a t h i c k n e s s  of 5-6 t~ and s t a i n e d  
wi th  h e m a t o x y l i n - e o s i n .  

The  m i t o t i c  index  of the  t h y r o i d  e p i t h e l i u m  was  c a l c u l a t e d  as  a p e r c e n t a g e  of the  t o t a l  n u m b e r  of 
t h y r o i d  c e l l s ,  b a s e d  on an e x a m i n a t i o n  of an a v e r a g e  of 20 ,000-30,000 c e i l s  in each  c a s e .  The  m i t o t i c  i n -  
dex  of t he  c o n n e c t i v e  t i s s u e  c e i l s  of the  t h y r o i d  s t r o m a  was  c a l c u l a t e d  as  a p e r c e n t a g e  of the  t o t a l  n u m b e r  
of t h y r o i d  c e l I s ,  and  the  n u m b e r  of m i t o s e s  in the  p a r a t h y r o i d  e p i t h e l i u m  as  a p e r c e n t a g e  of the  t o t a l  n u m -  
b e r  of c e l l s  in t he  o r g a n  (7 ,000-10,000 c e l l s  in each  c a s e ) .  

EXPERIMENTAL RESULTS 

It  i s  c l e a r  f r o m  the f i g u r e  tha t  the  m i t o t i c  index of the  t h y r o i d  e p i t h e l i u m  of the  r a t s  and m i c e  v a r i e d  
t h roughou t  the  2 4 - h o u r  p e r i o d .  The  n u m b e r  of m i t o s e s  in the  t h y r o i d  e p i t h e l i u m  of the  r a t s  r e a c h e d  a 
m i n i m u m  at 9 p . m .  (0.005%). By m i d n i g h t  i t  had  i n c r e a s e d  to m o r e  than  10 t i m e s  i t s  p r e v i o u s  l e v e l ,  wi th  
a m e a n  va lue  of 0.052% (P < 0.05).  By 6 a . m .  t he  m i t o t i c  index had f a l l en  to 0.009% (P < 0.05), a f t e r  which  
i t  i n c r e a s e d  to 0.026% at 9 a . m .  and 0.027% at noon (by c o m p a r i s o n  wi th  the  v a l u e s  at 6 a .m .  P was  l e s s  
than  0.1 and 0.05 r e s p e c t i v e l y ) .  At  3 p . m .  and 6 p . m .  the  n u m b e r  of m i t o s e s  in the  t h y r o i d  e p i t h e l i u m  aga in  
showed a d e c r e a s e  to 0.006 and 0.010% ( c o m p a r e d  wi th  the  f i g u r e s  for  noon, P was  l e s s  than  0.05 and 0.1 
r e s p e c t i v e l y ) .  The  m e a n  m i t o t i c  a c t i v i t y  in the  t h y r o i d  e p i t h e l i u m  of t he  r a t s  for  the  24 -hou r  p e r i o d  
was  0.020%. 

D e p a r t m e n t  of G e n e r a l  B io logy  and R a d i o l o g i c a l  L a b o r a t o r y ,  N. I.  P i r o g o v  Second Moscow M e d i c a l  
I n s t i t u t e  ( P r e s e n t e d  by  A c a d e m i c i a n  V. V. P a r i n ) .  T r a n s l a t e d  f r o m  Byu l l e t en '  E k s p e r i m e n t a l ' n o i  B io log i i  
i M e d i t s i n y ,  Vol .  63, No. 2, pp.  98-101,  F e b r u a r y ,  1967. O r i g i n a l  a r t i c l e  s u b m i t t e d  June  9, 1965 
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Changes in mitotic index in the epithelium and stroma 
of the thyroid and epithelium of the parathyroid gland. 
1) Thyroid epithelium of rats ; 2) thyroid epithelium 
of mice; 3) parathyroid epithelium of rats; 4) thyroid 
stroma of rats. Along the axis of ordinates) Mitotic 

The m i n i m a l  mi to t i c  ac t iv i ty  in the 
thy ro id  ep i the l ium of the m i c e  was  found at 

i0 p,m, (0,017%). By I a.m. the number of 

mitoses increased to 0.003%, i.e., by approxi- 

mately 4 times (P < 0.05), but by 4 a.m. it 

decreased to 0.0]9% (P <0.05). At 7 a.m. 

the mitotic index had increased to 0.083% 

(P < 0.01), at I0 a.m. it was not significantly 
changed from its level at the previous time 

(0.068%) but by 1 p.m. it had increased sharply 

to 0.]52% (P <0.02). At 4 p.m. the mitotic 

index again showed a sharp decrease to 0 �9 

(P < 0.01), an(] even  fewer  m i t o s e s  w e r e  seen  
in the  g land at 7 p .m.  (0.041%)�9 The  m e a n  
mi to t ic  index in the t hy r o i d  ep i the l ium of the  
m i c e  for  the 24-hour  pe r iod  was  0.062%. 

The lowest  l eve l  of mi to t i c  ac t iv i ty  in  
index (in %), a long the axis  of a b s c i s s a s )  t ime  of day. 

the c o n n e c t i v e - t i s s u e  ce l l s  of the thy ro id  
s t r o m a  of the r a t s  was  o b s e r v e d  at 9 p .m.  

(0.003%). By 3 a .m.  it  had i n c r e a s e d  to 0�9 (P < 0.01) and r e m a i n e d  at a c o m p a r a t i v e l y  high leve l  un t i l  
noon�9 At 6 and 9 a .m.  and at noon the mi to t i c  index of the c o n n e c t i v e - t i s s u e  ce l l s  of the thy ro id  s t r o m a  
differed significantly (P <0.05) from the index at 3, 6, and 9 p.m. The mean mitotic activity in the thyroid 
stroma of the rats for the 24-hour period was 0.009%�9 

In the parathyroid gland the minimal mitotic index was observed at 6 p.m. (0.027%). At 9 p�9 the 
mitotic index was higher, although the difference was not statistically significant; it became significant 

at the next time of investigation (midnight) when its value was 0.108% (P < 0.05)�9 At 3 a.m. the number of 

mitoses reached its maximum - 0.185% (compared with the figures at 6 and 9 p.m., P was less than 0.01 

and 0.05 respectively, and compared with the figure at midnight, less than 0�9 The mitotic index at 6 

and 9 a.m., noon, and 3 p.m. was significantly higher than 6 p.m. (P <0.05). The mean mitotic index in the 

parathyroid epithelium of the rats for the 24-hour period was 0.]06%. 

Hence, in the epithelium of the thyroid and parathyroid glands and in the stroma of the thyroid, a 
clearly defined 24-hour periodicity was observed in the number of mitoses. However, the curves showing 
the changes in the mitotic index in the investigated tissues during the 24-hour period were different in 

character. Whereas the curves for the thyroid epithelium had two maxima, the curves for the thyroid 

stroma and the parathyroid epithelium had only one. In previous analyses of the 24-hour rhythm of mitosis 

[2, 7, 81, the ques t ion  of the o r g a n - s p e c i f i c i t y  of the rhy thm has  r e p e a t e d l y  been  r a i s e d .  On the b a s i s  of 
the r e s u l t s  showing d i f f e r ences  in the  24-hour  p e r i o d i c i t y  of m i t o s e s  i n t h e  ep i the l ia l  and c o n n e c t i v e -  
t i s s u e  ce l l s  of the thy ro id  and in the ep i the l ium of the pa r a t hy r o i d  glands ,  the ex i s t ence  not only of o r g a n -  
spec i f ic i ty ,  but a l so  of t i s s u e - s p e c i f i c i t y  ma y  be a s s u m e d  in the changes  in the n u m b e r  of mi toses  t h r o u g h -  
out the 24-hour  pe r iod .  

In  mos t  m a m m a l i a n  o rgans  (the l i ve r ,  k idneys ,  i n t e s t i ne ,  co rnea ,  etc.) the m a x i m u m  of the n u m b e r  
of m i t o s e s  o c c u r s  in the  m o r n i n g  and the m i n i m u m  in the evening  [2, 41. In the thy ro id  ep i the l ium one of 
the two m a x i m a  of the n u m b e r  of m i t o s e s  occu r s  at night  and the o ther  dur ing  the day�9 In  the t hy ro id  s t r o m a  
and the pa r a thy ro id  ep i the l ium the m a x i m u m  of mi to t ic  ac t iv i ty  also takes  place at night .  I n v e s t i g a t i o n s  
of the 24-hour  rhy thm of mi to t i c  ac t iv i ty  in the ad rena l  cor tex  of r a t s  and mice ,  by count ing  the n u m b e r  of 
m i t o s e s  pe r  s t a n d a r d  a r e a  of sec t ion ,  r e v e a l e d  a m a x i m u m  of the n u m b e r  of m i t o s e s  du r ing  the even ing  
[1, 10, 11l. When the mi to t ic  i n d e x w a s  d e t e r m i n e d  at i n t e r v a l s  du r ing  the 24-hour  pe r iod  in the a d r e n a l  
cor tex  in the zona g l o m e r u l o s a ,  zona f a sc i cu l a t a ,  and zona r e t i c u l a r i s  s e pa r a t e l y ,  it  was  found that  the 
m a x i m u m  of the n u m b e r  of m i t o s e s  in the zona g l o m e r u l o s a  o c c u r r e d  at 10 p .m. ,  and the m a x i m u m  in the 
zona f a sc i cu l a t a  and zona r e t i c u l a r i s  at 1 p�9 [31. The m a x i m u m  of the n u m b e r  of m i t o s e s  in the zona 
g l o m e r u l o s a  of the a d r e n a l  cor tex  in r a t s  o c c u r s  at 9 p �9 whi le  in the va r i ous  l a y e r s  of the zona f a sc i cu l a t a  
two m a x i m a  a re  found in the n u m b e r  of m i t o s e s  - at 1 a .m.  and at noon [5]  In  the zona g l o m e r u l o s a  of 
the a d r e n a l  cor tex  in r a t s  the mi to t i c  ac t iv i ty  of the ce l l s  is m a x i m a l  at 6 a .m.  and 9 p�9 while  in the 
zona f a sc i cu l a t a  it i s  m a x i m a l  at noon [61. 
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It may thus be concluded f rom data in the l i tera ture  and personal  observations that in the endocrine 
organs,  or at least in the thyroid and parathyroid  glands and the adrenal  cortex, the cha rac te r  of the 24- 
hour rhythm of mitosis  differs f rom its rhythm in nonendoerine organs.  The main differences are that 
in the endocrine glands the maximum, or one of the two maxima in the number of mitoses  is observed 
during the evening or night. 

The existence of two maxima in the curve of the 24-hour rhythm of mitosis  inthe thyroid gland, r e -  
flecting an increase  in the mitotic index during the day and at night, evidently cannot serve  as evidence 
to support the view that mechanisms such as the influence of photoperiodicity and the motor  activity of the 
animals,  usually invoked to explain the 24-hour rhythm of mitosis ,  can be applied universal ly.  
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