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The dynamics of mitotic activity was studied in cells  of t ransplantable sa rcomas .  A well-  
defined diurnal rhythm of cell  division was found in sa rcomas  IMR-1 and T-1 transplanted 
into August ra ts .  In s a r coma  IMR-1 mitotic activity reached a maximum at between 4 and 
7 A.M. and a minimum at 1 P.M. In s a r coma  T-1 mitotic activity reached a maximum at 
1 P.M. and a minimum at 7 A.M. and 7 P.M. 

Considerable attention has been paid to the question of whether there is a diurnal rhythm of cell divi- 
sion in malignant tumors .  Evidence is constantly being published to the effect that many tumors  have a 
diurnal rhythm of cell division [3, 5, 9, 10, 14, 16]. Investigations by other  workers  [2, 11, 15], however, 
have failed to reveal  any diurnal rhythm of division in tumor  cells.  

The existing contradict ions are  not always easi ly explained. To begin with, tumors  obtained by dif- 
ferent  methods and f rom different t i ssues  develop along different l ines and at the time of investigation 
they may vary  in their  degree of differentiation, not to mention their  sensitivity to exogenous and endo- 
genous fac tors  concerned in the mechanism of diurnal cell division [12, 13]. Another fact of considerable 
impor tance  is that the investigations descr ibed were ca r r i ed  out on different s t ra ins  o f t ransp lan tab le tumors ,  
many of which were maintained for long periods of time in noninbred animals.  An inevitable resul t  of this 
has been that, besides  loosing their  t issue specificity,  the tumors  have also lost  their  charac te r i s t i c  rhythm 
of mitotic activity [10]. 

Without going into detail on these contradict ions it is worth pointing out that the study of diurnal 
rhythms of cell division in general ,  and in tumors  in par t icular ,  is of great  pract ica l  as well as theoret ical  
importance.  The different stages and phases of the mitotic cycle are  known to differ considerably in their  
sensi t ivi ty to the same ant i tumor agent [1, 4, 6, 7, 9, 10]. The facts descr ibed above suggest  that deter-  
mination of the phases of cell  division most  sensit ive to a par t icu lar  cytostat ic  agent could great ly  increase  
the effect iveness of t rea tment  of malignant neoplasms.  For  such experiments  to be ca r r i ed  out it is ne-  
c e s s a r y  to have a biological model of a tumor  with a stable diurnal rhythm of cell division. Investigations 
lasting severa l  y e a r s  have shown that l ine-specif ic  s a r comas  IMR-1 and T - l ,  obtained in the wr i t e r s '  lab-  
o ra tory  [9-10], could be tumors  with this proper ty .  

The object of the present  investigation was to study the diurnal rhythm of mitotic activity in the cells  
of these s a r comas .  

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

Sexually mature  August ra ts  weighing 100-120 g, into which s a r comas  IMR-1 and T-1 were t r ans -  
planted, were used in the experiments .  On the 20th day after  t ransplantat ion of the IMR-1 cells and on the 
l l t h  day after  transplantat ion of the T-1  cel ls  the animals were sacr i f iced and the tumor  nodules removed 
were  fixed in Carnoy ' s  mixture  at in tervals  of 3 h during the 24-h period.  The diurnal rhythm of division 
of the tumor  cells  was investigated at different t imes  of yea r  and in different generat ions.  Altogether 205 
August ra ts  were used in the investigation. Histological  sections of the tumors  were stained with Ehr l ich ' s  
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Fig. 1. Change in mitotic activity of s a r coma  IMR-1 cells during 
the 24-h period: 1) 15th generation; 2) 122nd generation of the 
tumor.  

Fig. 2. Diurnal changes in mitotic activity of s a r coma  T-1 cells 
at different t imes  of year :  1) May (9th generation); 2) October 
(40th generation); 3) Februa ry  (52nd generation); 4) June (60th 
generation.  

hematoxylin. The phases of mitosis  were countedin 3000-4000 cells.  Student's t c r i t e r ion  was used in the 
s tat is t ical  analysis  of the resul ts .  

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

The diurnal activity of the s a r coma  IMR-1 cells was studied when the tumor  had just  been t r ans fo rmed  
into a s t rain and when it had passed  through 15 generat ions (1967), and also when it had passed through 122 
generat ions (1970). The resul t s  of this investigation are  shown in Fig. 1. Their analysis  demonst ra tes  that 
s a r coma  IMR-1 (15th generation) has a diurnal rhythm of cell division with a maximum of mitotic activity 
at 4-7 A.M. (mitotic indices 21.6 =e 3.0 and 21.4+2 ~ respectively) and a minumum at 1 P.M. (mitotic in- 
dex 6.9 • %o; P< 0.01). The same pat tern of diurnal rhythm of cell division was p rese rved  in the same 
tumor,  but in the 122nd generat ion (1970), with a maximum at 7 A.M. (18.2 •  ) and a minimum at i P.M. 
(6 •  ). Fluctuations in mitotic activity of the cells of this tumor  took place as the resul t  of fluctua- 
tions in the number of cells  taking par t  in mitosis ,  but not as the resul t  of lengthening or shortening of any 
of the phases of mi tos is .  This is shown by the fact that values reflecting fluctuations in the ear ly  phases of 
mitosis  repeated the fluctuations of mitotic activity of the cells of this tumor  during the 24-h period. 

The study of the mitotic activity of the s a r coma  T-1 cells  showed that this tumor  has a c lear ly  de- 
fined diurnal rhythm of division with a maximum of mitotic activity at 1 P.M. (mitotic index 46 • %0 ) and a 
minimum at 7 A.M. and 7 P.M. (mitotic indices 21.2 %o and 18• ~/00 respect ively;  9th generation, May; 
Fig. 2). The probabil i ty of random differences in mitotic activity at 1 and 7 P.M. and 7 A.M. is s ta t is t ical ly  
significant (P < 0.001). Investigation of the mitotic activity of the s a rcoma  T-1 cells during the 24-h period 
in the 40th, 52nd, and 60th generat ions showed that the diurnal rhythm of cell division is stable for this 
tumor  with a maximum of mitotic activity at 1 P.M. and a minimum at 7 A.M. and 7 P.M. 

Analysis  of these resul ts  thus suggests  that both s a r comas  IMR-1 and T-1 have a we l l -marked  and 
stable diurnal rhythm of cell division, which is independent of seasonal  fluctuations during the yea r  or  of 
the number of generat ions  of the tumor.  
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