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Ehr l ich ' s  asci tes  tumor and lymphoma NK/Ly are charac ter ized  by a clear ly defined diurnal 
rhythm of cell division. Curves showing the changes in mitotic activity of the tumor  cells 
during the 24-h period are  unimodal in charac te r  with a minimum of the number of mitoses  
at 9 a.m. and a maximum for Ehr l ich ' s  tumor  at midnight and for lymphoma NK/Ly at 3 a.m. 
The increase  in mitotic activity in the tumors  takes place through the entry of a l a rger  num- 
ber  of cells into mitosis  and not through an increase  in the duration of mitosis.  

Normal and malignant t i ssues  have a c lear ly  defined diurnal rhythm of cell division [2, 4-6, 8, 13]. 
It is not yet c lear ,  however,  whether this increase  in mitotic activity is caused by the prolongation of mi-  
tosis  or  by an increase  in the number of ceils entering into mitosis.  The investigation descr ibed below was 
ca r r i ed  out to study this problem. 

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

The test  objects were Ehr l ich ' s  ascites tumor and lymphoma NK/Ly,  which were inoculated intra-  
per i toneal ly into noninbred male albino mice weighing 18-20 g. The experiments  were ca r r i ed  out in the 
autumn and winter. The animals were kept under normal  conditions of illumination and on a normal  diet. 
They were taken for the experiment on the 10th day after inoculation of the tumor.  The mice of the exper i -  
mental  group received an intraperi toneal  injection of colchicine in a dose of 1 p g / g  6 h before sacrif ice.  
No late phases of mitosis  were found in the preparat ions .  Mice of the control  and experimental  groups 
were sacr i f iced at intervals of 3 h during the 24-h period (9 a.m.,  noon, 3, 6, and 9 p.m.,  midnight, 3 and 
6 a.m.). F r o m  5 to 7 animals were used at each period of the experiment.  The asci tes  fluid was with- 
drawn f rom the mice and films prepared f rom it. These were fixed with a mixture of 3 parts  methyl alco-  
hol and 1 par t  glacial  acetic acid, and then stained with 2% acetorcein solution. Mitoses were counted by 
phases in each fi lm in 5,000 tumor cells under a magnification of 900 • Mitotic activity was judged f rom 
the mitotic index (MI) - the ratio between the number of dividing cells and the total number of cells counted, 
expressed  per  thousand cells. The number and form of the pathological mitoses  also were determined [3]. 

The duration of mitosis  was calculated by the equation [7] 

MI ,A 

Mlcolch. ' 

where MI is the mitotic index in the control  group, MIcolch. the mitotic index in the experimental  group, 
and A the t ime of action of colchicine. The duration of the cell cycle was calculated by the equation 

t m  - N 

tc II 

where N is the total number  of cel ls ,  n the number of dividing cel ls ,  and tm the duration of mitosis .  
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Fig. 1. Change in MI (1), MIcolch. (2), and duration of mitosis  (3) during 
24-h period in cells of Ehr l ich ' s  asci tes  tumor. 

Fig. 2. Change in MI (1), MIcolch. (2), and duration of mitosis  (3) during 
24-h period in cells of lymphoma NK/Ly. 

Statistical analysis of the numerica l  resul ts  was car r ied  out by the S t u d e n t - F i s h e r  method. 

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

It is c lear  f rom Fig. 1 that the minimal number of dividing cells of the Ehr l ich ' s  tumor was observed 
at 9 a.m. (MI= 8.0+ 1.0~ The number of mitoses  then increased to reach a maximum at midnight (MI= 
20.1 • 1.6%0. Starting f rom midnight the number of dividing cells fell sharply. The mean diurnal MI was 
12.4• 1.3~ . 

Lymphoma NK/Ly also showed a well marked diurnal rhythm of cell  division (Fig. 2). The minimal 
number of mitoses was observed,  just as in Ehr l ich ' s  tumor,  at 9 a.m. (MI= 12.6+ 0.60/00). Later the num- 
ber  of dividing cells increased somewhat. A marked increase  in mitotic activity occur red  at 9 p.m. and 
reached its maximum at 3 a.m. (MI = 21.2 • 0.8~ Starting f rom this t ime and until 9 a.m. the number of 
dividing cells decreased.  

The mean diurnal MI for the lymphoma NK/Ly was somewhat higher than that for Ehr l ich ' s  tumor,  
namely 15.5• 1.0~ 

The course  of mitosis  was disturbed in 11.5% of dividing Ehr l ich ' s  tumor  cells and 13.6% of lymphoma 
NK/Ly cells. The forms of the pathological mitoses  and their  frequency are  given in Table 1. No c lear  
change in the relative number of pathological mitoses  depending on variat ion of the mitotic activity in the 
tumors  in the course  of the 24-h period was detected. 

These results  show that for  the ascites type of Ehr l ich ' s  tumor and tymphoma NK/Ly there  is a 
c lear ly  defined diurnal rhythm of cell  division. Curves showing changes in mitotic activity of the tumor 
cells during the 24-h period are  unimodal in charac te r  with a minimum of the number of mitoses  of 9 a.m. 
and a maximum for Ehr l ich ' s  tumor at midnight and for lymphoma NK/Ly at 3 a.m. The number of C- 
mitoses  also varied s imi lar ly  during the 24-h period. The lowest values of MIcolch. in the Ehr l ich ' s  tu- 
mor  and lymphoma NK/Ly were observed at 9 a.m.,  when they were 11.4• 1.5 and 22.8• 4.70/00, respec t ive-  
ly. The number of C-mi toses  reached a maximum at the same t imes as the normal  mi toses ,  i.e., at mid- 
night in the Ehr l ich ' s  tumor  and at 3 a.m. in the lymphoma NK/Ly; the corresponding values were 31.7• 3.0 
and 42.0• 5.1%0, respect ively (Figs. 1 and 2). 

Besides this rhythm of division of the tumor cel ls ,  some change in the duration of mitosis  also took 
place in the course  of the 24-h period. In the Ehr l ich ' s  tumor cells the duration of mitosis  var ied f rom 
3.7 to 4.1,~ and in lymphoma NK/Ly f rom 3.1 to 3.6 h. The mean diurnal value of tm for Ehr l ich ' s  tumor 
was 4 h, and for lymphoma NK/Ly 3.25 h (Figs. 1 and 2). So far  as the duration of mitosis  in the period of 
increased mitotic activity of the tumor  cells is concerned, as Figs. 1 and 2 show, its duration was not in- 
creased.  During this period mitosis  in the cells of Ehr l ich ' s  tumor lasted 3.8 h and in the cells of the 
lymphoma NK/Ly it lasted 3.2 h. 

The resul ts  of these experiments indicate that the change in the duration of mitosis  in the cells of 
Ehr l ich ' s  tumor and lymphoma NK/Ly does not cor re la te  with variat ions in their  mitotic activity during 
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TABLE 1. F o r m  and Number  of Pathological  Mitoses  in Ehr l i ch ' s  
Tumor  and Lymphoma NK/Ly  

Test object 

Ebxlich' s tumor 
Lymphoma NK/Ly 

~8 

~ O  

11,5 
13,6 

Form and number of pathological m itoses (mean ditttnal value, 
m percent) 

o ~, 

O ~  ~ 0 ~  ~ ~ ~.s163 

6,9 12.1 
2,2 14,6 

& 

2,3 
1,1 

6,2 18,5 
7,3 17,8 

~s:~ ~ E,~t ~ 

3,1 4,3 30,2 
6,0 5.3 29,5 

6,4 
6,2 

the 24-h period.  Mitotic act ivi ty was inc reased  not through the lengthening of mi tos i s ,  but through an in- 
c r e a s e  in the number  of dividing cel ls .  

When the mean  diurnal  value of tm  had been de te rmined ,  the duration of the cei l  cycle in Ehr l i ch ' s  
t umor  and lymphoma NK/Ly also was calculated.  It was a s sumed  that all  ce i ls  in the tumor  population 
par t ic ipa ted  in division,  i .e . ,  the p ro l i fe ra t ive  pool Pc = 100%. The durat ion of the mitot ic  cycle  for  the 
cei ls  of  Ehr l i ch ' s  t umor  was 13.4 days and for  lymphoma NK/Ly 8.7 days. The values of t m  and Tc for  
Ehr l i ch ' s  t umor  and lymphoma NK/Ly obtained in the p resen t  exper imen t s  were  a l i t t le h igher  than those 
given in the l i t e ra tu re  [1, 10]. The reason  evidently is that  the p resen t  expe r imen t s  were  c a r r i e d  out at 
l a te r  per iods  of development  of the tumors .  During growth of a sc i t e s  t umors  the durat ion of all  phases  of 
the cel l  cycle ,  including mi tos i s  [12], is increased .  The t rac t ion  of p ro l i fe ra t ing  cel ls  also is reduced.  In 
addition, the durat ion of mi tos i s  de te rmined  with the aid of colchicine mus t  always be higher than its t rue  
value [9]. Never the les s ,  the wr i t e r  cons iders  that the colchicine method can be used success fu l ly  to study 
p rob l ems  s i m i l a r  to those which a re  the subject  of this paper .  

Ehr l i ch ' s  tumor  and lymphoma NK/Ly a re  c h a r a c t e r i z e d  by a monophasic  diurnal  rhythm of mi tos i s  
with a m a x i m u m  of cel l  division during the evening and night and a min imum in the morning.  Meanwhile,  
in n o r m a l  as opposed to mal ignant  t i s sues ,  the m a x i m u m  of mitot ic  act ivi ty occurs  in the morning,  and its 
min imum in the evening [2, 4-6,  8, 11]. The durat ion of mi tos i s  in Ehr l i ch ' s  t umor  and in lymphoma NK/Ly 
v a r i e s  somewhat  durIng the 24-h period.  However ,  the duration of mi tos i s  was not inc reased  at that t ime 
of day when the mitot ic  act ivi ty of the tumors  was increased.  The diurnal  i nc rease  in mitot ic  act ivi ty in 
Ehr l i ch ' s  t umor  and lymphoma NK/Ly thus takes  place,  just  as in some  no rma l  t i s sues  [7], not by the p r o -  
longation of mi tos i s  but because  of the entry  of m o r e  cel ls  into mi tos i s .  
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