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Experiments  on C57BL/6J  mice showed that the mitotic index in the esophageal epithelium 
differs considerably in the morning and evening. The use of the colchamine (colcemid) meth- 
od showed that the duration of mitosis in the morning and evening is about equal, namely 34- 
49 min (the resul ts  varied depending on the dose of colchamine and the duration of its action). 
Diurnal differences in the mitotic index of the esophageal epithelium thus depend on differ-  
ences in mitotic activity (the number  of mitoses  in unit time)~ The need for observing sev-  
eral  demands when the colchicine method is used, in order  to obtain reliable resul ts ,  is em-  
phasized.  

KEY WORDS: duration of mitosis;  esophageal epithelium; colchamine; diurnal rhythm of mi- 
tosis .  

Diurnal variat ions in the duration of mitosis and fur thermore ,  the importance of these variat ions for 
the diurnal rhythm of mitosis ,  have been inadequately studied. The s tatement  of some workers  that the 
diurnal rhythm of mitosis  is due to corresponding changes in the duration of mitosis  [7-9] was not confirmed 
by later  r e s e a r c h  [6, 10]o Meanwhile papers  continue to appear  in which it is concluded from the investiga- 
t ions described in them that sharp fluctuations take place in the duration of mitosis during the 24-hour pe r -  
iod [3, 4]~ These investigation s were ca r r i ed  out with the use of colchicine or its der ivat ives .  

With this in mind, and in o rder  to test the hypothesis that the diurnal rhythm of mitosis  depends on 
i t s  duration, experiments  were car r ied  out on the esophageal epithelium, a t issue in which differences in 
the percentage  of mitosis  in the morning and evening considerably exceed the possible individual variat ion 
of this index. 

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

Female  C57BL/6J  mice weighing 15 g were used. The animals were divided into two groups (60 in 
each group). The experiments  on the mice of group 1 were ca r r i ed  out in the morning and on the mice of 
group 2 in the evening. The 20 mice of group 1 received an intraperi toneal  injection of 5 mg/kg  colchamine 
(a prepara t ion  analogous to colcemid) in Hanks'  solution in a dose of 0.2 ml at 4 A.Mo 20 mice received an 
injection of 0.1 ml of the same solution (a dose of 2.5 mg/kg).  Twenty mice remained intact. The experi-  
mental mice were  killed 1 and 3 h after  the injection, 10 at each time. Intact mice were killed 30 min before 
the f i rs t  sacr i f ice  of the experimental  mice (control 1) and 30 min after  the second sacr i f ice  (control 2). 

The evening (second) group consisted of analogous subgroups. Colchamine was injected at 4:00 p.m~ 
The experimental  mice were killed at 5 and 7 PoM. and the intact mice at 4:30 and 7:30 p.m. Mitoses were 
counted in sections in the basal  layer  of the esophagealepithelium, 2000cells being examined f rom each 
mouse.  The duration of mitosis  was determined by the equation: 

MI,A 
tin-- MI c 
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TABLE I. 
Groups 

Group of 
animals 

Morning 

Evening 

Number  of Mitoses  in Mice of  Morning and Evening 

Subgroup 

Control 1 
Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 
Control 2 

>> mean 

Control I 
Experiment 1 
Experiment 2 
Experiment 3 
Experiment 4 
Control 2 

>> mean 

Do.sr 
co%cna..- 
mine (in 
mg/kg) 

5,0 
2,5 
5,0 
2,5 

5,0 
2,5 
5,0 
2,5 

Time of sacrifice 

�9 4 h 30 min 
5 h rain 
5 'h min 
7 h min 
7 h min 
7h30 " 
4 h30 " 

7h 30 " 
16h 30 " 
17h 
17h 
19h 
19h 
19h 30 " 
16h 30 " 
19h 30 " 

MI (in Number of c- 
mitoses per 

%) I100O cells 

13,7--1,61 -- 
24,6 ] 22,8---5,0 
25,2 I 22.5--4,2 
74.6 I 69,2+8,6 
72,6 55,6--6,3 
23,9--3,9 
18.8+--4,1[ -- 

3,3-----1,0 
2,4 2,3--0,5 

10,1--2,3 
15,0 14,5--5,3 
2,1"0,4 -- 
2,7-----1,11 -- 

I 
I 

TABLE 2~ Mitotic Act iv i ty  (in ~ ) in Morn ing  and Even ing  

Group of ani- 
mals 

I 5,0 
Morning 2,5 

5,0 
Evening 2,5 

Dose of col-[ Period of action of colchamine after its injection 
chamine ( i n  
mg/kg) first hour 

22,8.+4-5,0 
22,5'+4,2 
2,3+0,5 
3,0_+0,8 

second-third hour 

23,2.+4,8 
23,0+3,8 
3,9.+_+I ,2 
5,8.+__2,7 

first- third hour 

23,1• 
22,8.+2,1 
3,4.+0,8 
4,8• 

TABLE 3. 

Group of ani- 
mals 

Dura t ion  of Mi tos i s  (in min)  in Morn ing  and Eve n i ng  

Dose of col- Period of action of colehamine after its injection 
chamine (in -%- = :-- 
mg/kg) first hour second-third hour first-third hour 

5.0 36,0___8,9 
Morning 2,5 1 36,6• 

5,0 l 85,8___34,2 
Evening 2,6 66,0• 

48,6• 
49,0-+-9,7 
42,0___15,4 
28,2• 

49,2_8,2 
49,0• 
48,0+12,4 
33,5• 

where  t m is the d u r a t i o n  of m i t o s i s  (in h), A the t ime  of ac t ion  of the c o l c h a m i n e  (in h), MI the m e a n  mi to t ic  
index in  the con t ro l  (in :%), and MI c the n u m b e r  of m e t a p h a s e s  b locked by c o l c h a m i n e  ( c -mi to se s )  at  the 
end of the e x p e r i m e n t .  

If the du ra t ion  of m i t o s i s  was ca l cu la t ed  for  a def in i te  i n t e r v a l  of the tota l  du ra t ion  of the e x p e r i m e n t ,  
c o r r e s p o n d i n g  changes  were  in t roduced  into the equat ion,  as follows: 

MI (A2-- A,) 
Mt cx 2 -- Mlex 1 

where  A l and A 2 a r e  the beg inn ing  and end of the t ime  i n t e r v a l  ana lyzed  r e s p e c t i v e l y  and MIcx 1 and MIcx 2 
a r e  the n u m b e r  of b locked  m e t a p h a s e s  at the beg inn ing  and end of that  i n t e r v a l  r e s p e c t i v e l y .  The s t a n d a r d  
e r r o r  was d e t e r m i n e d  for  the m e a n  n u m b e r  of m e t a p h a s e s  which a c c u m u l a t e d  and the m e a n  mi to t ic  index.  
Knowing these  e r r o r s ,  the e r r o r  of the d u r a t i o n  of m i t o s i s  and of mi to t i c  ac t iv i ty  (the n u m b e r  of m i t o s e s  
p e r  hour) was ca l cu l a t ed  by the method of Wor th ing  and Gef fner  [2, 5]. 

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

As Tab le  1 shows,  MI for  the in t ac t  m ice  of the m o r n i n g  group (1) was c o n s i d e r a b l y  h i g h e r  than in 
the in t ac t  m i c e  of the even ing  (2) g roup  (18.8 and 2.7 % r e s p e c t i v e l y ) .  

A dose of c o l c h a m i n e  of 5 m g / k g  comple t e ly  a r r e s t e d  m i t o s i s  in the mice  of both g roups ,  bu t  a dose  
of 2.5 m g / k g  did so only in the m i c e  of the even ing  group .  Late  p h a s e s  - a n a p h a s e s ,  t e lophases ,  a s tage  of 
r e c o n s t r u c t i o n  of the nuc l e i  (Fig.  1) - w e r e  found in  five mice  of the m o r n i n g  group .  In  n e i t h e r  group w e r e  
g r o s s  d i s t u r b a n c e s  of the r a t e  at which the c e l l s  p r oc e e de d  into m i t o s i s  o b s e r v e d  (Fig.  1). 
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Fig. 1. Number  of p rophases  and 
late phases  of mi tos i s  (anaphases,  
te lophases ,  and s tage of recon-  
s t ruct ion of nucleus) in expe r i -  
menta l  and control  groups (M ~: 
m): A, B) p rophases  in morning  
and evening groups of expe r i -  
ment  respect ive ly ;  C, D) late 
phases  of mi tos i s  in morn ingand  
evening groups of exper iment  
respec t ive ly .  Obliquely shaded 
columns show control;  c r o s s -  
hatched columns colchamine 5 
mg/kg;  unshaded columns col-  
chamine 2.5 mg/kg .  Absc i s sa ,  
t ime a f t e r  inject ion of co lcham-  
ine (in h)i ord ina te ,  number  of 
different  phases  of mi tos i s  (in 
%). 

nation of the durat ion of mi tos i s .  

Mitotic act ivi ty,  like MI, was significantly h igher  in the m o r n -  
ing than in the evening (23.2-23 compared  with 3.9-5.8 %). The 
accumulat ion of mi toses  under  the influence of colchamine took 
place  more  or  l ess  uniformly,  and for  that r eason  the values of 
mitot ic  act ivi ty at the different  t imes  of the exper iment  for  both the 
morning and the evening groups were  s i m i l a r  (Table 2). 

Although in some ca se s ,  espec ia l ly  if  calculat ions were  made 
on the bas i s  of the accumulat ion of mi toses  in the f i r s t  hour  of the 
exper iment ,  cons iderable  d i f fe rences  we re  found in the durat ion of 
mi tos i s  in the morning and evening; however ,  they were  not s t a t i s -  
t ical ly significant (Table 3). Most of the calculat ions showed that the 
d u r a t i o n o f m i t o s i s  was 42-49 min.  C l o s e l y s i m i l a r  values were  ob- 
tained in r a t s  by Bardik  [1]. In expe r imen t s  in which colchamine 
was used in a dose of 5 m g / k g  the duration of mi toses  (allowing 
for  the action of colchamine for  3 h) was the s ame  in the morning 
and evening. When colchamine was given in a dose of 2~ m g / k g  
(also allowing fo r  i ts  action fo r  3 h) the durat ion of mi tos i s  was 
s h o r t e r  in the evening, but it mus t  be r e m e m b e r e d  that this dose in 
the morning didnot  complete ly  b lock me taphases .  It  must  be  e m -  
phas ized  that not absolutely identical  resu l t s  were  obtained with dif- 
ferent  doses  of colchamine~ Although the d i f ferences  in a given 
case  were  not s ta t i s t ica l ly  significant ,  this fact  mus t  never the less  
be taken into account when colchamine is used to de te rmine  the 
duration of mi tos i s .  

The resu l t s  thus showed, f i r s t ,  that rea l  d i f ferences  exis t  in 
the esophageal  epithel ium between the value of mitot ic  act ivi ty in 
the morning and evening (P = 0o0001) and, second, that these di f fer-  
ences  a re  independent of the durat ion of mi tos i s ,  which was about 
the same  in the morning and evening. 

It is ,  of course ,  imposs ib le  on the bas i s  of these resu l t s  to 
rule  out the exis tence  of diurnal  d i f fe rences  in the durat ion of m i -  
tosis  in different  organs~ However ,  they show the need for  caution 
when drawing conclusions regard ing  diurnal  d i f ferences  in the dur-  
ation of mi tos i s .  Careful  s teps must  be taken to ensure  that the 
colchamine is ~working" p rope r ly  when it is used for  the d e t e r m i -  

If  the colchicine method is to be used p rope r t ly ,  ce r ta in  conditions must  
by obeyed: uni form accumulat ion of c - m i t o s e s  at consecut ive t imes  of action of the p repara t ion ,  absence of 
late (following metaphase)  phases  of mi tos i s ,  and absence  of effect  on the ent ry  of the cel ls  into mi tos is  
(maintenance of the prev ious  pe rcen tage  of p rophases) .  The use  of s ta t i s t i ca l  ana lys i s  for  calculat ing not 
only the d i f fe rences  in MI, but the durat ion of mi tos i s  i tself ,  is a lso obl igatory.  

In o rde r  to draw valid conclusions on the dependence of the diurnal  rhythm of mi tos i s  on i ts  duration,  
the ma t e r i a l  mus t  be la rge ,  impeccable ,  and well reproducible .  In addition, it is des i rab le  to conf i rm con- 
clusions drawn by worke r s  using the colchicine method by means  of any other method, such as inhibition of 
mi tos is  by x - r a y  i r rad ia t ion .  
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