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A distinct diurnal rhythm of mitosis ,  reaching a maximum at 10 A. M. and 1 P. M. and a mini-  
mum at 7 P. M. and 1 A. M. was found in a ca rc inoma of the fores tomach transplanted into 
C3HA mice. Changes in the number  of mitoses in the stratif ied squamous epithelium of the 
forestomach,  both in mice affected by a tumor  and in intact mice, show a well-defined diurnal 
periodici ty;  the highest mitotic index was observed at 10 A. M. and the lowest at 10 P. M. 

Comparat ive investigation of the level of mitotic activity and the principles governing the diurnal 
rhythm of mitosis  in normal  t i ssues  and tumor  t i ssues  is of great  importance in connection with the dis-  
covery  that inhibitors of cell prol i fera t ion are not equally effective in their  action when administered to 
animals at t imes when the number  of mitoses  in the t issues  is at a maximum or minimum [3, 4]. 

A diurnal rhythm of mitoses  is found in most  normal  t issues.  Meanwhile, neither the existence of a 
mitotic rhythm nor its cha rac te r  in malignant neoplasms has been adequately explained. Some workers  
[10, 11, 12] found no significant differences between the number of mitoses in tumors  at different t imes 
of day and night, while others  [1, 6-8, 13] observed a definite rhythm of mitosis  in them. 

The effect of tumor  growth on mitotic activity and the charac te r  of the diurnal rhythm of mitosis  in 
t i ssues  unaffected by malignant growth are  problems of considerable interest .  Some workers  [5, 9] have 
observed a decrease  in the number of  mitoses  in the corneal  epithelium of mice inoculated subcutaneously 
with tumors .  However, this decrease  was not apparent in every case [9]. In all t hese  investigations, the 
observat ions were made without regard  to possible changes in the diurnal rhythm of cell division. 

As yet  ve ry  little attention has been paid to the study of the s imilar i ty  or  difference in cha rac te r  of 
the diurnal rhythm of mitosis in tumors  and in healthy t issues  derived f rom a common origin. 

The object of the present  investigation was to study the level of mitotic activity and cha rac te r  of the 
diurnal rhythm of mitosis  in a transplanted carc inoma of the mouse forestomach,  s t ra in  OZh-5, and in the 
strat if ied sqt, amous epithelium of the fores tomach of normal  mice and mice inoculated in t ramuscular ly  
with a tumor  of this strain. 

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

Sexually mature male andfemaleC3HA mice were used in the experiments.  A suspension of tumor  
cells, minced in physiological saline, was injected into the femoral  muscles  in a dose of 2" 105 cells in a 
volume of 0.2 ml. The animals were sacr i f iced on the ninth day after inoculation, over  a period of 24 h at 
intervals  of 3 h, 6-8 animals at each time. Material  was fixed in Carnoy ' s  fluid and embedded in paraffin 
wax, and sections cut to a thickness of 7-8/~ were stained with hematoxylin. The cells and mitoses  were 
counted (binocular microscope,  900• areas  of tumor free f rom necros is .  In each case about 10,000 cells 
were examined. Ear ly  prophases  were not counted. 
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T A B L E  1. D i u r n a l  Rhy thm of  M i t o s i s  in  C a r c i n o m a  of  F o r e s t o m a c h  
and in E p i t h e l i u m  of  F o r e s t o m a e h  in In t ac t  Mice  and Mice  Inoc u l a t e d  
with T u m o r s  
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A f t e r  the  a b d o m e n  and t h o r a x  had  b e e n  opened,  a l i g a t u r e  was  a pp l i e d  to the  e s o p h a g u s ,  and f ix ing  
f lu id  w a s  i n j e c t e d  f r o m  a s y r i n g e  with  a b lun t  n e e d l e  into the  s t o m a c h  th rough  the duodenum,  as  a r e s u l t  
of  which  the  s t o m a c h  was  s l i g h t l y  d i s t e n d e d .  A f t e r  add i t i ona l  f ixa t ion ,  a s t r i p  was  cut  f r o m  the  wa l l  of the  
f o r e s t o m a c h ,  wound into a co i l ,  and e m b e d d e d  in p a r a f f i n  wax. Sec t ions  w e r e  s t a i n e d  wi th  h e m a t o x y l i n .  
C e l l s  (about  10,000 in each  case )  and m i t o s e s  w e r e  coun ted  wi thout  d i f f e r e n t i a t i o n  of the  e p i t h e l i u m  into 
l a y e r s .  

To a s s e s s  m i t o t i c  a c t i v i t y ,  the  m i t o t i c  i ndex  (MI) was  c a l c u l a t e d  in p r o m i l l e .  S t a t i s t i c a l  a n a l y s i s  o f  
the  r e s u l t s  was  c a r r i e d  out  by  the  F i s h e r - S t u d e n t  method .  

R E S U L T S  

The n u m b e r  of  c e l l  d i v i s i o n s  in  the  c a r c i n o m a  of  the  f o r e s t o m a c h  and in the  e p i t h e l i u m  of  the  f o r e -  
s t o m a c h  v a r i e d  d u r i n g  the 24 -h  p e r i o d  (Tab le  1). 

The  n u m b e r  of  m i t o s e s  in the  c a r c i n o m a  r e a c h e d  a m a x i m u m  at 10 A. M. It then  g r a d u a l l y  d e c r e a s e d ,  
the  d i f f e r e n c e  b e c o m i n g  s i g n i f i c a n t  b y  4 P .M.  The  n u m b e r  of  m i t o s e s  r e a c h e d  a m i n i m u m  b e t w e e n  10 P .M.  
and 1 A.M.  The  s u b s e q u e n t  i n c r e a s e  in  MI b e c a m e  s i g n i f i c a n t  by  4 A.M. Consequen t ly ,  h i g h e s t  v a l u e s  of 
MI w e r e  found b e t w e e n  10 A.M. and 1 P . M . ,  and l o w e s t  b e t w e e n  7 P .M.  and 1 A.M. The d i u r n a l  c h a n g e s  of 
MI in the  e p i t h e l i u m  of  the f o r e s t o m a c h  in m i c e  wi th  t u m o r s  and in i n t a c t  m i c e  w e r e  s i m i l a r  both  to each  
o t h e r  and to  the  c h a n g e s  o b s e r v e d  in c a r c i n o m a  of  the  f o r e s t o m a e h .  

The  n u m b e r  of  m i t o s e s  found in the  e p i t h e l i u m  of  the  f o r e s t o m a c h  of i n t a c t  m i c e  and of m i c e  with a 
t u m o r  r e a c h e d  a m a x i m u m  at  10 A.M. and a m i n i m u m  in the  f o r e s t o m a c h  of  m i c e  with  t u m o r s  b e t w e e n  7 
P .M.  and 1 A.M. and in the  f o r e s t o m a c h  of  i n t a c t  m i c e  b e t w e e n  7 P .M.  and 4 A. M. 

In a l l  the  i n v e s t i g a t e d  t i s s u e s  the  d i u r n a l  r h y t h m  of m i t o s i s  can  thus  be  d e s c r i b e d  by  a u n i m o d a l  
curve. 

Differences between the mean values of MI for the 24-h period in the epithelium of the foresiomach 

of  m i c e  with  t u m o r s  (3.4~00) and i n t a c t  m i c e  (3.7~ a r e  not  s i gn i f i c a n t .  

The  a m p l i t u d e  o f  the d i u r n a l  f l uc tua t ions  in the  n u m b e r  of m i t o s e s  in the  c a r c i n o m a  was  s m a l l e r  than  
in  the  e p i t h e l i u m  of  the  f o r e s t o m a c h .  In the  t u m o r ,  fo r  i n s t a n c e ,  the  v a l u e  of  MI at  i t s  m a x i m u m  was  2 -4  
t i m e s  g r e a t e r  than  a t  i t s  m i n i m u m ,  wh i l e  in  the  e p i t h e l i u m  of  the  f o r e s t o m a c h  the  d i f f e r e n c e  was  6.3 t i m e s .  
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It follows f rom thew resu l t s  that  t ransplan ted  c a r c i n o m a  of the fo res tomach  has  no significant effect  
on the c h a r a c t e r  of the diurnal  rhythm of mi tos i s  or  the level  of mitot ic  activity in the epi thel ium of  the 
fo res tomach .  These  resu l t s  are  in ag reemen t  with observa t ions  [2] showing the absence of significant dif-  
f e rences  in the c h a r a c t e r  of the diurnal rhy thm of mi tos is  in the co rnea  of no rma l  mice  and of mice  with 
leukemia.  These  r e su l t s  concerning the c h a r a c t e r  of the diurnal  rhythm of mi tos i s  in the epi thel ium of the 
fo re s tomach  agree  with resu l t s  [10] obtained with the same  t i s sues  using colchicine. 

However,  they do not agree  with the resu l t s  of a careful  invest igat ion conducted by  Kolomina [6-8]. 
This worke r  studied diurnal  changes  in mitot ic  act ivi ty of a t umor  of the fo re s tomach  of  the s a m e  s t ra in .  
She found a diurnal  rhy thm of  mi tos i s ,  but the number  of mi toses  reached  a m a x i m u m  at 8 P .M.-mldnight  

a n d  a min imum at  4 A.M.-noon. These  d i f fe rences  a re  difficult  to explain at p resen t .  They may pe rhaps  
be due to different  conditions under  which the exper imenta l  an imals  were  kept and d i f fe rences  in the num-  
b e r  of genera t ions  of the s t ra in .  However,  these  hypotheses  requi re  specia l  ver i f icat ion.  
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