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The diurnal rhythm of mitotic activity in mouse s a r coma  37 is made up of rhythms of la-  
beled and unlabeled mitoses ,  probably charac te r i z ing  two cell populations differing in the 
duration of their  G 2 phase. The duration of the G 2 phase in one group is about 1 h and in 
the other  group about 4 h or  more.  
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Several workers  have demonstra ted a diurnal rhythm of mitosis in tumors.  However, the cha rac t e r  
of that rhythm at the level of mitotic activity in different tumors  was found to vary  [1, 2, 4]. It has also 
been shown that cytostat ic  substances,  if adminis tered at different t imes of day or  night, had different ef-  
fects on cell division in both tumor  and normal  t issues [1-3]. 

The fur ther  study of this problem requires  data on the principles governing not only the diurnal 
rhythm of mitosis ,  but also of the other  phases of the mitotic cycle,  for  different fac tors  acting on cell di- 
vision act on par t i cu la r  phases of the cycle.  

The object of this investigation was to study the cha rac te r  of the diurnal rhythm of mitotic activity 
and the rhythm of the number of nuclei synthesizing DNA in s a rcoma  37 of albino mice. 

EXPERIMENTAL METHOD 

Male albino mice weighing 30 g were used. The animals were kept under natural conditions of illum- 

ination and with food ad lib. Ascites tumor cells of sarcoma 37 were grafted subcutaneously in the axillary 

region in a dose of 0.I ml ascites fluid, diluted twofold with physiological saline. The animals were killed 

in groups of 16 at each period of the investigation at intervals of 3 h for 24 h on the 9th day after inocula- 

tion of the tumor, and each time thymidine-H 3 (specific activity 16 Ci/g) was injected 1-1.5 h beforehand in 

a dose of 30 pCi per mouse. Pieces of tumor were fixed in Carnoy's fluid. Histological sections 5 p in 

thickness were coated with type M photographic emulsion. The preparations were exposed for I0-II days 

and stained with Mayer's hematoxylin. Mitoses and labeled nuclei were counted in 10,000-12,000 cells. 

The mitotic index (MI) and the index of labeled nuclei (IL}q) were expressed per I000 cells. Statis- 

tical analysis of the results was carried out by the Fisher-Student method. 

EXPERIMENTAL RESULTS 

The results given in Table 1 show that the value of MI in the tumor was maximal at i0 a.m. and min- 
imal at 1 a.m. (P = 0.006). The changes in MI were made up of diurnal fluctuations in the indices of un- 

labeled mitoses (IUM) and labeled mitoses (ILM), each of which varies differently during the 24-h period. 

Department of General Biology, N. I. Pi rogov Second Moscow Medical Institute. Presented by Aca-  
demician of the Academy of Medical Sciences of the USSR A. P. Avtsyn.) Translated f rom Byulleten' 
]h~sperimental 'noi Biologii i Meditsiny, Vol. 80, No. 10, pp. 102-104, October, 1975. Original ar t icle  sub- 
mitted Februa ry  3, 1975. 

�9 76 Plenum Publishit N Corporation, 22 7 West 17th Street, New York, iV. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or othenvise, without written permission o f  the publisher. A copy o f  this article is available from the publisher.for $15.00. 

1244 



TABLE 1. Diurnal  Changes in MI, rUM, ILM, and [LN in Sa r c om a  37 

Time of day 

lO a , r n .  
I p.m, 
4 p,m. 

~ p . m .  
10 p.m. 

1 a .  i'l'l. 
4 a.m. 
7 a.m. 

Mean diurnal 
values 

MI 

17,5 
13.2 
t4,2 
I4,0 
13,9 
11,2 
14,4 
11,5 

13,7 

0,04 

o5-  
0,04 
0,06 

IUM 

9,t 
9,5 

13,2 
I3,4 
13,9 
11,2 
14,4 
11,5 

12,0 

o~17 

o ;4 
0,08 
0,11 

8,4 
3,7 
0,9 
0,5 
0,03 
0,01 
0,03 
0,03 

1,72 I 
I 

p ILN 

0,01 361,0 
0,01 346,0 

144,0 [ 
0~1 198,0 

88,0 
115,oi 
120,0 
117,0 

186,0 

0.23 
0,14 
0,08 

The d iurna l  rhythm of IMM was c h a r a c t e r i z e d  by a we l l -de f ined  max imum at 10 a .m.  IMM then fel l  g radu-  
a l ly  to r each  a min imum at between 10 p.m. and 1 a . m .  (Pt0-1 = 0.001). 

Diurnal  changes in IUM w e r e  l e s s  sha r p l y  defined and were  c h a r a c t e r i z e d  by h igher  values  between 
4 and 10 p.m. Maximal  values  of ILN were  obse rved  between 10 a .m.  and 1 p.m. By 4 p.m. the d e c r e a s e  
in [LN was s igni f icant  (Pt0-4 = 0.0001). L a t e r  in the day d i f fe rences  in the values  of ILN were  riot s ign i f i -  
cant.  However,  the i n c r e a s e  in ILN f rom 7 to 10 a .m.  was s ign i f ican t  (P = 0.0001). 

The co inc idence  between the t imes  of m a x i m a l  ILN and m a x i m a l  MI in the e xpe r i m e n t a l  group can 
be  explained as fol lows.  The p r e s e n c e  of the [LN peak indica tes  some  synchron iza t ion  of the en t ry  of the 
ce l l s  into the S phase.  As the ce l l s  pa s s  through the S phase  and new ce l l s  en te r  it, the values  of ILN will  
i nc r ea se .  The m a x i m a l  number  of ce l l s  wil l  be labe led  if t hymid ine -H 3 is injected at a t ime  when mos t  of 
them have reached  the end of the S phase .  Since the an ima l s  were  k i l led  1 h a f t e r  the inject ion of thymidine,  
most  of the labe led  ce i l s  would a lso  have p a s s e d  through 1 h of the G 2 phase,  and dur ing  this  t ime  another  
ba tch  of ce l l s  would a lso  be  r e c o r d e d  as having en te red  the S phase.  

As a r e su l t ,  in the pe r iod  of the max imum of ILN mos t  of the labe led  ce l l s  c h a r a c t e r i z e d  by that  
max imum would have been  in the G 2 phase  fo r  about 1 h. If the G 2 phase  f o r  these  ce l l s  l a s t s  about ] h, 
na tu ra l ly  the t imes  of the max ima  of ILN and MI would coincide .  

The durat ion of the S phase  is equal to the pe r iod  of r i s e  of ILN to the  maximum.  The dura t ion  of 
the G 2 phase  wil l  be  equal to the pe r iod  between the max imum of ILN and the max imum of MI plus 1 h. 

Since the dura t ion  of the G 2 phase  fo r  ce i l s  c h a r a c t e r i z e d  by ILM is about 1 h, as can be judged f r o m  
the in te rva l  between inject ion of thymidine  and the a ppe a r a nc e  of labe led  m i t o s e s ,  the max ima  of ILN at 
10 a.m. must  evident ly  have been due to t hese  ce l l s .  In that  case ,  the pos s ib i l i t y  cannot be ruled out that  
the  high value  of ILN at 1 p.m. was connected with ce i l s  c h a r a c t e r i z e d  by unlabeled m i t o s e s ,  and the G 2 
phase  of these  ce i l s  wilI be  4 h o r  more ,  fo r  a s ign i f ican t  i n c r e a s e  in IUM to the m a x i m a l  l eve l  was ob-  
s e r v e d  be tween 1 and 4 p.m. To this  it can be added that the  a ppe a r a nc e  of unlabeled m i t o s e s  1-1.5 h a f t e r  
the inject ion of thymidine  points d i r e c t l y  to a longer  dura t ion of the G 2 phase  of t he se  ce i l s  than of the G 2 
phase  of ce l l s  giving labe led  m i t o s e s .  

Because  of the d i f f e rences  in the d iurna l  rhy thms  of ILM and IUM and in the dura t ions  of the G2phase 
of the ce i l s  c h a r a c t e r i z e d  by these  indices ,  it can be pos tu la ted  that this s t r a i n  of s a r c o m a  37 contains  two 
d i f ferent  ce l l  populat ions .  

1. 

2 .  

3. 

4. 

L I T E R A T U R E  C I T E D  

M. V. Berezk in ,  "The effect of cyc lophosphamide  on ce l l  d iv is ion  in tumors  and in no rma l  mouse  
t i s s u e  when a d m i n i s t e r e d  at d i f fe ren t  t imes  of day," Au tho r ' s  A b s t r a c t  of Cand ida te ' s  D i s se r t a t ion ,  
Moscow (1973). 

V. I. Vas i l ' eva ,  " P r i n c i p l e s  govern ing  the d iurna l  rhythm of ce l l  mul t ip l i ca t ion  in mice  with l euke -  
mia ,  ~ Au thor ' s  A b s t r a c t  of Cand ida te ' s  D i s se r t a t i on ,  Moscow (1970). 
V. M. Dobrokhotov, L V. Marke lova ,  et a t . ,  in: Re ge ne r a t i on  a ndCe l l  Mul t ip l ica t ion  in Animal s  [in 
Russ ian] ,  Vol. 2, Moscow (1964), p. 165. 
S. M. Kolomina,  BioL Nauki, No. 2, 41 (1966). 

1245 


