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To determine the ra tes  of cell prol i fera t ion it is neces sa ry  not only to know the mean diurnal number 
of mitoses ,  but also the duration of mitosis .  

Several methods have been suggested for determining the duration of mitosis ,  but only the stathmokinetic 
method, with the use of colchicine and its derivat ives,  has achieved wide popularity. However, some aspects  
of the use of this method still remain  incompletely explained. Most workers  consider  that colchicine only 
blocks cell division in metaphase without disturbing the rate of entry of cells into mitosis.  Meanwhile, there 
is evidence, although not ve ry  much, and what there is is contradictory,  to show that colchicine and its der iv-  
atives can inhibit the entry of cells into mitosis  [ 1, 4-7] .  This problem can be resolved by comparing the 
number  of prophases  in the tes t  t issues of intact animals and of animals t reated with colchicine. If the num- 
ber  of prophases  in animals receiving colchicine is s ta t is t ical ly  significantly less,  it is justifiable to con- 
clude that cotchicine causes  preprophase  inhibition of injury of cells into mitosis .  

The object of this investigation was to study whether colchamine (colcemid) in fact  has the p roper ty  of 
inducing preprophase  inhibition of mitotic activity of t issues,  and if so, whether it exhibits this p roper ty  
equally at different t imes of the 24-h period. 

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

Altogether,  150 control  and 68 experimental  mice were used; the lat ter  were given an intraperi toneal  
injection of colchamine (4 mg/kg)  4 h before sacr i f ice .  The experiments  conformed to two schemes,  differing 
only in the time of commencement :  at 10 a.m. (scheme 1) and at noon (scheme 2). 

Mitotic indices (MI) were determined in the t issues of the control  animals,  mitotic indices of the num- 
be r  of blocked mitoses  (Mtcol) in the experimental  animals,  and prophase indices (PI) in both groups. The 
duration of mitosis  (tin) was calculated by the usual  formula  [3]. 

The e r r o r  of the durat ion of mitosis  was calculated by the equation for e r r o r  of the quotient obtained by 
dividing ar i thmet ic  means with their  e r r o r s  [2]. 

EXPERIMENTAL R E S U L T S  

Diurnal changes in MI and PI in the lingual epithelium of the control  mice (Table 1) showed maximal  
values between 10 p.m. and 2 a.m. and between 6 and 10 a.m. The changes in C-mi toses  were  of the same 
cha rac t e r  in the experimental  mice. 

At all four -hour ly  intervals  of the 24-h period a significant increase  was observed in MIco 1 compared  
with MI in the control  mice.  However, whereas  between 6 a.m. and 6 p.m. the level of significance was very  
high (P -- 0.0001), between 6 p.m. and 6 a.m. it was m o r e  moderate .  

Injection of colchamine between 10 a.m. and 10 p.m. was not followed by significant differences between 
PI in the control  and experimental  mice. Between 10 p.m. and 2 a.m. a significant dec rease  (P = 0.035) was 
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TABLE 1. Diurnal Changes in Mitotic and 
Prophase Indices and Duration of Mitosis 
(tm) in Lingual Epithelium of Mice (scheme 
1) 
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observed in PI in the experimental  mice, but during the next two intervals,  although these differences were 
still p resent  they were less marked and were not significant. 

Comparison of the values of PI  showed that during the f i rs t  half of the 24-h period (10 a : m . - 1 0  p.m. ) 
colchamine caused no decrease  in PI of the experimental  mice (P = 0.555), whereas during the second half 
(10 p .m.-10 a.m. ) a significant decrease  in this index (P = 0.014) was found in the experimental  mice. Dif- 
ferences  were equally significant (P = 0.011) between the mean values of PI  for the 24-h period. 

Consequently, colchamine leads to preprophase  inhibition of entry of the cells into mitosis ,  which is 
manifested more  c lear ly  at night and in the ear ly  morning. 

The duration of mitosis  (tin) varied f rom 16 to 71.5 rain. Only on compar ison of these minimal and 
maximal values were significant differences (P = 0.028) found, namely at t imes when a significant dec rease  
in P I  was demonstra ted in the experimental  mice, when the rates  of entry of the cells  into mitosis  were  mini-  
mal. 

In the pancreas  (Table 2) diurnal changes in MI and PI in the control  mice and MIcoi in the experimental  
mice reached maximal  values between 8 a.m. and noon. At near ly  all t imes MIcol was significantly higher 
than MI in the control  mice. However, between 8 a.m. and noon these differences were  not significant, as was 
also the case at the end of the night and beginning of the day {4 a.m. to noon). 

In the afternoon and evening (noon-midnight) no significant differences were found between the values of 
PI  in the control  and experimental  mice (P = 0.555) during each of the time intervals studied or  for  this peri  L 
od as a whole, but at night (midnight to 4 a.m.) a significant decrease  in PI was observed in the experimental  
mice (P = 0.003). Between 4 and 8 a.m. and between 8 a.m. and noon PI fell, but not significantly (P = 0.154 
and 0.065, respect ively) .  Corresponding compar ison of PI  at the end of the night and beginning of the day p e r i -  
ods (4 am to noon) revealed a significant decrease  in PI  in the experimental  mice (P = 0.005). The differ-  
ences found on comparing PI, both during the second half of the 24-h period (midnight-noon), including the 
whole of the night period, and for the 24 h as a whole, likewise were  significant (P = 0.14 and 0]045, r e s p e c -  
t ively).  Consequently, at night and in the morning, by contras t  with the afternoon and evening, colchamine 
exhibited an inhibitory action of the entry of the cells  into mitosis.  

The duration of mitosis  varied f rom 45 to 213 rain. Comparison of these extreme values only gave sig- 
nificant differences (P = 0.028). Only between 8 a.m. and noon was a tendency for  colchamine to inhibit the 
entry of the cells into mitosis  observed. 

In the parenchymatous cells  of the l iver ,  values of MIco 1 were slower than those of MI in the control  
mice at near ly  all t imes of investigation. Whereas these differences during the afternoon and evening (10 a .m. -  
i0 p.m.) were not significant (P = 0.555), at night and in the ear ly  morning (10 p .m.-10  a.m.) they were  
close to significant (P = 0.089). Differences between the mean diurnal values of MI (0.970/00) andMIcol (0.28.0/00) 
also were close to significant (P = 0.072). 

Consequently, injection o f  colchamine not only did not lead to accumulat ion of blocked mitoses,  but it 
also led to a decrease  in the values of MIco 1 compared with MI in the control  mice.  

In the experimental  mice,  throughout the eveningand night (from 6-10 p.m. to 2-6 a.m.) no p r o p h a s e s  
were  found. This decrease  in PI  in the experimental  animals was not significant compared  with the values of 
PI  in the control  mice, for  in some of the la t ter  no prophases  likewise were found. These data show that p re -  
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TABLE 2. Diurnal  Changes in Mitotic and 
P rophase  Indices and Duration of Mitosis  
(tin) in Panc rea t i c  Exocr ine  Cells  of Mice 
( scheme 2 

0 , '  

o 

12--1010,I18 
10--20] 0,066 
20--24] O, 106 
24--4 [ 0,322 

4--8 [ 0,357 
8--12[ 1,900 

12--24~ 0,098 
24--12[ 0,830 
12--12 0,449 
4~12  1.090 

MIco I 

0,324 
0,332 
0,314 
1,280 
1,860 
2,136 
0,323 
1,760 
1,044 
2,009 

PI, %~ | 
tin, rain C ~ exper~ 

trol imentl 

0,032 I 87,4 �9 43,7 I 0,019 I 0,054 [ O, 151 
0,0 i2 I 47 ,7~29 ,1  ] 0,022 ] 0,044 [ 0,922 
0,013 8 1 , 0 •  0,039 0,078 0.333 
0,024 00.3:t:30,7 0,112 0,000[ 0,003 
0,044 46 5::i:31,4 0,127 0,018 0,154 
0,340 213 4 •  0,314 O,OlO 0,065- 
0,001 72 8 •  0,026 0,058 0,555 
0,032 113 2 •  0,181 0,010 0,014 
0,007 103 2 •  0,100 0 034 0,045 
0,109 130,2~:48,210,217 [ 0,01410.005 

dominant ly  in the evening and night colchamine causes  deep inhibition of the en t ry  of cel ls  into mi tos i s .  The 
p r e s e n c e  of a ce r t a in  number  of mi to ses  in the l i ve r  of the exper imen ta l  an imals  at these  t imes  carl be ex-  
plained by the sharp  delay in the cour se  of mi tos i s  i tself .  The absence  of accumulat ion of C - m i t o s e s  in the 
l i ve r  of the exper imen ta l  an imals  led to dis t inct ly  d i s to r ted  resu l t s  for  the durat ion of mi tos i s :  In the evening 
and at night the durat ion of mi tos i s  (tin) i nc rea sed  to 30-40 h. It is quite evident that the data obtained on the 
durat ion of mi tos i s  do not r e f l ec t  the r ea l  values  of this p a r a m e t e r .  

These  r e su l t s  indicate  that colehamine  damages  the whole parenchylna  of the l ive r  so s e v e r e l y  that  the 
colchicine technique cannot be used to invest igate  cel l  divis ion in this organ. 

It was thus shown that  colchicine undoubtedly causes  p r e p r o p h a s e  inhibition, by changing the r a t e  of en-  
t ry  of the cel ls  into mi tos i s  or,  as in the l iver ,  by dis turbing the whole dynamics  of cell  pro l i fe ra t ion .  This 
p r o p e r t y  of colchamine is mani fes ted  p r i m a r i l y  in the late evening and at night. The r ea sons  for  this t empora l  
se lec t iv i ty  in the sens i t iv i ty  of cel ls  to the action of eolchamine are  not c lear .  However ,  i t  may  be pointed out 
that p r e p r o p h a s e  inhibition of mi tos i s ,  in the lingual epi thel ium for  example ,  coincides approx imate ly  in t ime 
with the per iod  of the m ax i m a l  number  of DNA-synthesiz ing cel ls  [3]. 

Consequently,  d i f fe rences  which probably  exis t  in the durat ion of mi tos i s  in the t i s sues  cannot  be r e -  
vealed by the use  of the colchicine method. 
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