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A p r e v i o u s  study of a hyperd ip lo td  s t ra in  of E h r l i c h ' s  a s e i t e s  tumor  (EAT) on the 5th-gth day of i ts  
growth with 12 h of dayl ight  and 12 h of d a r k n e s s  showed that  this  tumor  t i s sue  is  c h a r a c t e r i z e d  by a d i s t inc t  
rhythm of the number  of dividing ce l l s ,  but by absence  of rhythm of the number  of DNA-synthes iz tng  c e l l s  [3]. 
These data were  evidence of desynehron iza t ion  of DNA synthes i s  and cel l  d iv is ion in the mi to t ic  cycle ,  and 
indicated a d t s tu rbanee  of the chronobio logiea l  o rgan iza t ion  of cel l  r eproduc t ion  in th is  s t r a in  of EAT. 

In the p r e s e n t  inves t iga t ion  rhy thms  of ce l l  p r o l i f e r a t i on  and DNA synthes is  were  studied in a hypo- 
t e t r ap lo id  s t r a in  of EAT and compared  with data obtained p rev ious ly  on the hyperd ip lo id  s t r a in  of EAT. 

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on 85 noninbred male  albino mice  weighing 18-20 g. The a n i m a l s  were  
kept  in 12 h of dayl ight  (from 4 a.m. to 4 p.m.)  and 12 h of da rkness ,  at  a t e m p e r a t u r e  of 18~ and were  given 
food ad l ib i t um.  Af te r  synchroniza t ion  for  2 weeks  the mice  were  inoculated with a hypote t rap lo id  s t r a in  of 
EAT in a dose of 0.2 ml of undiluted a s e i t e s  fluid, containing 8- 106-10 �9 10 G ce l l s .  The an ima l s  were  k i l l ed  on 
the 5th-6th day of growth of i ts  tumor ,  e v e r y  3 h, with five to eight miee  at each t ime of invest igat ion,  s t a r t -  
tag f rom noon on the 5th day. An inject ion of 3H-thymidine,  with speci f ic  r ad ioac t iv i ty  of 4.1 C i / m m o l e ,  in a 
dose of 0.5 pCi /g  body weight, was given to the mice  1 h before  sac r i f i ce .  The ex t r ac t ed  a s e i t e s  fluid was 
t r e a t e d  by the method d e s c r i b e d  p r ev ious ly  [3], and au to rad iographs  were  p r e p a r e d .  Al toge ther  3000-5000 
ce l l s  f rom each animal  were  examined  in the au to rad iographs ,  and the mi tot ic  index (MI) and r ad ioac t ive  index 
(RI) were  ca lcu la ted  in p romi l l e .  The numer i ca l  r e s u l t s  were  subjeeted to s t a t i s t i ca l  ana lys i s  by the F i s h e r -  
Student tes t .  

E X P E R I M E N T A L  RESULTS 

The r e s u l t s  obtained by inves t igat ion of the hypote t rap lo td  s t r a in  of EAT are  given [n Fig .  1. Maximal  
va lues  of MI were  obse rved  at noon and 6 a.m. on the 5th day (P < 0.05) and min ima l  va lues  at 3 p.m. and 
9 a.m. on the 5th day. On the 6th day of tumor  growth an i n e r e a s e  in MI was  obse rved  at midnight  (P < 0.05) 
and min ima l  va lues  at 9 p.m. and noon on the 6th day. The per iod  of osc i l l a t ion  was 18 h on both the 5th and 
the 6th days .  The length of the act ive phase  (AP) of the rhythm of m i t o s i s  on the 5th day was 7.5 h (Fig. 2). 
Mean va lues  of MI for  the 24-h pe r iod  on the 5th and 6th days  of EAT development  were  15 and 13~ r e s p e c -  
t ively.  The mean pe r tod ie  value of MI d i f fered  only a l i t t le  f rom the mean value for  the 24-h per iod ,  namely  
15 and16~ . The absolute  ampl i tudes  of the o s c i l l a t i ons  was  23 and 8%0 , t he i r  r e l a t ive  ampli tude 7.0 and 2.0, 
the coef f ic ien t s  of synchronizat ion 0.5 and 0.7, the pool of m i t o s i s  dur ing the pe r iod  of o sc i l l a t i ons  187 and 
206.5%0, and the f r ac t i on  of m i t o s e s  in the act ive phase  of the rhythm of MI was 67 and 66~ on the 5th and 6th 
days  r e s p e c t i v e l y  of t umor  growth. 

The number  of DNA-synthes tz tng  ee l l s  in the hypote t rap lo td  s t r a in  during the 5th and 6th days  of growth 
of EAT was 503 and 4790/00 r e spec t i ve ly .  F luc tua t ions  of RI during these  days  were  not s ignif icant .  Only a s ig-  
nif icant  fa l l  in RI toward noon on the 7th day of development  of the hy-potetraploid s t r a in  of EAT was obse rved  
(Fig. 1). 
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Fig. 1. Changes in number of dividing (MI) and number of DNA-synthesizing (RI) cells in hy- 
potetraploid strain of EAT on 5th-6th day of tumor  growth and l ight:  darkness  = 12 h :  12 h. 
Abscissa,  clock time; ordinate, RT and MI (in %o). Time given oa 24 h clock. 

Fig. 2. :Phase d iagram of biological rhythms of cell division in hypotetraploid (I) and hyper-  
diploid (II) s t ra ins  of EAT on 5th-6th day of growth with light : darkness  = 12 h : 12 h, and in 
hypotetraploid strain of EAT (III) on 4th-5th days of tumor growth under natural illumination 
[3]. Shaded rec tangles  indicate position of active phase of rhythms of mi tos is  during 24-h 
period. Time given on 24 h clock 

This investigation thus revealed significant fluctuations in MI in the hypotetraploid strain of EAT on the 
5th-6th day of its development under art i f icial  illumination conditions and absence of fluctuations in the num- 
ber  of DNA-synthesizing cells. It can accordingly be concluded that the course  of these p r o c e s s e s  in the mito-  
tic cycle is not synchronized. 

Similar  resu l t s  were obtained in a study of the hyperdiploid strain of EAT, which was undertaken simul- 
taneously with the study of the hypotetraploid strain. The resul ts  also agree with those of a study of a hypo- 
tetraploid strain of Ehr l i ch ' s  tumor  under natural conditions of illumination [3]. 

For  normal  t i ssues  the circadian rhythm of DNA-synthesizing cel ls  is regarded as an intracycl ic  mech-  
anism of the c i rcadian rhythm of mi tos is  [1, 2, 4]. EAT is charac te r i zed  by disturbance of the temporal  o r -  
ganization of the cell reproduct ion system, expressed  as nonsynchronization of p roces se s  of DNA synthesis 
and mitosis .  This phenomenon was found to be typical for  s t ra ins  of EAT with different values of ploidy, and 
in exper iments  under different condit ions of illumination. The resul t s  confirm the previous hypothesis [2] that 
the mechan isms  of synchronization of cell populations before the S phase and before mi tos is  can function inde- 
pendently and, consequently, that rhythms of MI and of the number of DNA-synthesizing cel ls  may be formed 
independently. 

A phase d iagram of the rhythm of MI in the hypotetraploid strain with light : darkness  = 12 h : 12 h, in the 
hyperdtploid strain with the same illumination schedule, and in a hypotetraploid strain of EAT under natural 
conditions of illumination [2] is given in Fig. 2. The position of the active phase in the two strains  of EAT co- 
incides for  t ime of day, and this could indicate that the level of ploidy has no effect on the charac te r  of the 
rhythm of cell prol i ferat ion in EAT. Incidentally, in all s t ra ins  studied and with all conditions of illumination, 
the active phase of the rhythm of mi tos is  began sooner next day than on the previous day. As a resul t  of this, 
the period of the rhythm of mi tos is  lasted less  than 24 h (22.5, 21.0, and 18 h respectively).  Although the con- 
ditions of illumination remained unchanged, a shift of the acrophase  and of the active phase to the left along 
the t i m e  axis was observed,  evidence that fluctuations of MI in EAT are to some degree independent of the 
rhythm of light and darkness.  

The temporal  organizat ion of cell multiplication in EAT thus differs  f rom the temporal  organizat ion of 
this p roces s  in normal  t issues .  The rhythm of mi tos is  in the tumor  is linked with synchronization of cells  in 
the G 2 phase. The charac te r i s t i c  of the rhythm of cell reproduction is essent ia l ly  independent of the ploidy of 
the strain of EAT and of the conditions of illumination. 
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