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Studies of the esophageal  and co rnea l  epi the l ia  have shown that  cyc lophosphamide  d i f fe r s  in i ts act ion 
on mitot ic  act ivi ty  in va r ious  normal  t i s sue s  of leukemic mice .  The act ion of cyc lophosphamide  is exhib-  
i ted a t  the peak of mitot ic  act ivi ty ,  approx ima te ly  9 h af te r  the morning  inject ion and 21 h a f t e r  the evening 
inject ion.  Changes in the mean mitot ic  ac t iv i ty  over  the 24-h per iod  a r e  independent  of the t ime of i n j e c -  
tion of cyc lophosphamide  during that  per iod .  

A diurnal  rhy thm of mi tos i s  has been demons t r a t ed  in many norma l  t i s s u e s  of the body and in t um-  
ors .  It has a l so  been shown that  ant imi to t ic  agents  d i f fer  in the i r  effect  depending on the t ime of day or  
night when they a r e  given. However,  this  p rob lem has been studied inadequately.  Some inves t iga t ions  have 
dea l t  with the effect  of t ime of admin i s t r a t i on  of cy tos t a t i c s  on the level  and d iurna l  rhy thm of mitot ic  a c -  
t ivi ty (MA) in some animal  t i s s u e s  [2, 3, 5]. Other w o r k e r s  have demons t r a t ed  the unequal an t i tumor  e f -  
fec t iveness  of compounds when given at  d i f ferent  t i m e s  of day [4, 6-8], the c r i t e r i a  of e f fec t iveness  in these  
inves t igat ions  being the surv iva l  r a t e  of the an ima l s  and the d e c r e a s e  in s ize  of the t umors .  In a p rev ious  
inves t iga t ion  by one of the w r i t e r s  [1], r e s u l t s  w e r e  obtained re f l ec t ing  the effect  of t ime  of admin i s t r a t i on  
of cyc lophosphamide  on the level  and d iurna l  rhythm of MA in the leukemic  mouse spleen.  It was a l so  
deemed n e c e s s a r y  to study the effect  of t ime of admin i s t r a t i on  of cy tos t a t i c s  on the level  and d iurna l  
rhythm of MA in normal  t i s sue s  of an animal  affected by a tumor .  In this  case ,  bes ides  de te rmin ing  the 
degree  of toxici ty  of an t i tumor  compounds r e l a t ive  to ce l l  mul t ip l ica t ion  in normal  t i s sues ,  i t  was a l so  de -  
cided to de t e rmine  the t ime of day at  which cy tos t a t i c s  should be a d m i n i s t e r e d  in o r d e r  to i n c r e a s e  the 
spec i f ic i ty  of the i r  act ion.  F o r  this  purpose ,  the d i f fe rences  between rhy thms of MA in tumors  and normal  
t i s sues  must  be taken into account.  

The object  of this  inves t iga t ion  was to study the effect  of t ime of inject ion of cyc lophosphamide  on 
the level  and diurnal  rhythm of MA in the esophageal  and cornea l  ep i the l ia  of leukemic  mice .  

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

Young male  adult  mice of l ine C57BL were  used in the expe r imen t s .  All  the mice  we re  inoculated 
with La leukemia  between 11 A. M. and 12 noon by in t r ape r i tonea l  inject ion of 2 �9 106 leukemic  spleen ce l l s .  
The an imals  we re  s ac r i f i c ed  on the 7th day a f t e r  inoculat ion in groups  of 8-10 mice  at  each t ime of i nves -  
t igat ion throughout the 24-h pe r iod  at  in te rva l s  of 3 h. 

The number  of mi toses  in 10,000 ce l l s  was counted in h i s to logica l  sec t ions  through the lower  th i rd  
of the esophagus,  while m i to se s  in the cornea l  epi the l ium were  counted in total  p r e pa r a t i ons ,  among 
15,000-20,000 ce l l s  in each case .  The mitot ic  index (MI) was e x p r e s s e d  in p romi l l e .  
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TABLE i. Diurnal Changes in MI in Esophageal and Corneal Epithelia of Leukemic 

Mice (in %) 

T i m e  of day 

1 0 A .  M. 
1 P . M .  
4 P . M .  
7 P . M .  

10 P .  M. 
1 A . M .  
4 A . M .  
7 A . M .  

Mean  va lue  of 
MI in 24-h  
p e r i o d  

Wi thou t  i n j e c t i o n  of 
cye l o p h o s p h a m i d e  

e s ophagus cornea 

5.9 19.2 
4.1 13.3 

2.1 6.4 

2.6 3.1 

1.3 4.2 

2.3 4.4 

6.3 5.4 
5.3 16.8 

3.7 9.1 

In j ec t ion  of c y c l o -  
p h o s p h a m i d e  at  
10 P .  M. 

i i  

e s o p h a g u s  c o r n e a  

I0.i 10.2 
7.0 8.9 
3.9 6.5 

2.8 3.7 

2.2 1.8 

2.4 1.4 
6.3 1.5 
8.9 10.3 

5.4 5.5 

~jection of cyclo- 

phosphamide at 

i0 A.M. 

esophagus 

8.0 
4.7 
1.5 
2.1 
1.4 
3.6 

10.3 
9.6 

5.1 

cornea 

9.1 

7.7 
3.1 

1.3 

3.0 

3.9 
9.1 

ii.0 

5.9 

The  e x p e r i m e n t  c o n s i s t e d  of t h r e e  s e r i e s .  S e r i e s  I inc luded  l e u k e m i c  m i c e  r e c e i v i n g  no f o r m  of 
t r e a t m e n t .  In s e r i e s  II, on the  6th day a f t e r  i n o c u l a t i o n  wi th  l e u k e m i a ,  the  m i c e  r e c e i v e d  an  i n t r a p e r i t o n e a l  
i n j e c t i o n  of c y c l o p h o s p h a m i d e  in a d o s e  of 100 m g / k g  body we igh t  a t  10 P .  M. In s e r i e s  fII the  e x p e r i m e n -  
t a l  c o n d i t i o n s  w e r e  the  s a m e  a s  in s e r i e s  II, e x c e p t  tha t  c y c l o p h o s p h a m i d e  w a s  i n j e c t e d  a t  10 A.  M. In the  
l a s t  two s e r i e s ,  the  a n i m a l s  began  to be s a c r i f i c e d  6 h a f t e r  i n j ec t ion  of c y c l o p h o s p h a m i d e ,  a t  the  s a m e  
t i m e s  of day and n ight  a s  in s e r i e s  I. 

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

The e x p e r i m e n t a l  r e s u l t s  a r e  g iven  in T a b l e  1. 

It i s  c l e a r  f r o m  T a b l e  1 tha t  d i u r n a l  d i f f e r e n c e s  in MA w e r e  c l e a r l y  p r e s e n t  in the  e s o p h a g e a l  e p i -  
t h e l i u m  of the  l e u k e m i c  m i c e  ( s e r i e s  I). The l a r g e s t  n u m b e r  of m i t o s e s  w a s  found be tween  4 A.  M. and 
1 P .  M., and the  s m a l l e s t  be tween  4 P .  M. and 1 A.  M. 

A f t e r  i n j e c t i o n  of c y c l o p h o s p h a m i d e  a t  10 P .  M. and 10 A. M. the  c h a r a c t e r  of the  d i u r n a l  r h y t h m  of 
m i t o s i s  w a s  not  s u b s t a n t i a l l y  changed .  A t  the  s a m e  t i m e ,  an i n c r e a s e  in the  m e a n  d a i l y  MI c o m p a r e d  wi th  
MI of l e u k e m i c  m i c e  not  r e c e i v i n g  c y c l o p h o s p h a m i d e  was  o b s e r v e d .  C o m p a r i s o n  of the  m e a n  MI for  the  
24-h p e r i o d  in the  a n i m a l s  of s e r i e s  I and II showed tha t  the  d i f f e r e n c e s  e x c e e d e d  the mean  e r r o r  by 3 -4  
t i m e s ,  and when the r e s u l t s  of s e r i e s  I and III w e r e  c o m p a r e d ,  the  m e a n  e r r o r  was  e x c e e d e d  by 2.6 t i m e s .  

A d d i t i o n a l  e x p e r i m e n t s  wi th  c o l c h i c i n e  did not  c o n f i r m  the view tha t  the  o b s e r v e d  i n c r e a s e  in the  
n u m b e r  of m i t o s e s  w a s  due to an i n c r e a s e  in the  d u r a t i o n  of m i t o s i s .  

C o m p a r i s o n  of MI in the  a n i m a l s  of s e r i e s  I and II a t  the  s a m e  t i m e s  of day  and night  (F ig .  1A) showed 
a m a r k e d  i n c r e a s e  in the  n u m b e r  of c e l l  d i v i s i o n s  in the  e s o p h a g e a l  e p i t h e l i u m  (P = 0.003) in s e r i e s  f 9 h 
a f t e r  i n j ec t i on  of the  compound ,  i . e . ,  a t  7 A. M. The i n c r e a s e  was  s t i l l  m o r e  m a r k e d  12 h a f t e r  i n j ec t ion ,  
i.e., at i0 A. M. (P = 0.001). 

A different picture was found after injection of cyclophosphamide at I0 A. M. (Fig. IB). During the 

first 15 h the compound had no effect on the number of mitoses, only after 18 h, i.e., at 4 A. M., was a 

slight increase in the number of mitoses found (P = 0.06), and the increase was more marked in degree at 
7 A. M., i.e., 21 h after injection (P = 0.0001). 

Consequently, the action of cyclophosphamide, regardless of the time of its administration, was ex- 
hibited during the period of maximal MA observed in the esophageal epithelium of leukemic mice not re- 
ceiving the compound. Depending on the time of injection of cyclophosphamide, its stimulant action on cell 
division was exhibited at different times after administration. 
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Fig. 1. Change in MA in esophageal epithelium of mice 
with leukemia af ter  injection of cyclophosphamide at 10 
P . M .  (A) and at 10 A. M. (B). I) Without injection of 
cyclophosphamide; II) with injection of cyclophosphamide.  
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Fig. 2. Changes in MA in corneal  epithelium of 
mice with leukemia after  injection of cyelophos-  
phamide at 10 P. M. (A) and at 10 A. M. (B). I) 
without injection of cyclophosphamide; II) with 
injection of cyclophosphamide.  

In the corneal  epithelium of leukemic mice (se- 
. r ies I), considerable  changes in the number of mitoses  
also were  observed in the course  of the 24-h period. 
The l a rges t  number of mitoses  was found in the period 
from 7 A. M. to 1 P. M. and the smal les t  f rom 7 P. M. 
t o 4 A .  M. 

The cha rac te r  of the diurnal rhythm of mitosis  in 
the cornea  of leukemic mice receiving cyclophospham- 
ide at  10 P. M. (series II) or  at 10 A. M. (series III) 
remained unchanged, although inject ionofthe compound 
caused a decrease  in the mean value of MI for the 24-h 
period (Table 1). 

Comparison of MI for the animals of ser ies  I and 
II at the same t imes of day and night (Fig. 2A) shows 
that 6-9 h after  injection of the compound the number  
of mi toses  in the cornea  of the animals of ser ies  II was 
slightly reduced (at 7 A. M. P = 0.063), while 12-15 h 
af ter  injection, the inhibitory action of the compound 
was distinctly observable (at 10 A. M. and 1 P. M., 
P = 0.0001 and P = 0.019, respectively).  

When cyelophosphamide was injected in the morning, the pattern of subsequent changes in MA was 
different (Fig. 2B). Throughout the firs~ 18 h the compound had no significant effect of MA, and not until 
21 h after  its administrat ion (at 7 A. M.) was a decrease  in the number of cell divisions found (P = 0.077). 
The value of MA still remained lower at la ter  t imes (at 10 A. M. and 1 P. M. P = 0.0001). 

The inhibitory action of cyclophosphamide was thus exhibited in this series ,  as in the previous ser ies ,  
at the t ime of maximal MA. 

Although there were no significant differences between the mean value of MI for the 24-h period in 
the corneal  and esophageal epithelium depending on whether cyclophosphamide was given in the morning or  
in the evening, it would evidently be wrong to conclude that the compound had an identical action regard less  
of the time when it was given. The action of cyclophosphamide was exhibited in the early stages af ter  its 
injection at the minimum of MA (at 10 P.M.), but at  much la ter  stages af ter  its injection during the morning 
(at 10 A.M.), during a t ime of considerable MA. 

The effect of cyclophosphamide in both cases  was exhibited at the maximum of MA. This c o r r e -  
sponds to the famil iar  view that cyclophosphamide acts not on mitosis itself, but on the p rocesses  p r e -  
ceding it. 

L I T E R A T U R E  C I T E D  

1. V . I .  Vasil ,eva, Byull. t~ksperim. Biol. i Med., No. 2, 85 {1970). 
2. M . T .  Gololobova, Byul]. ]~ksperim. Biol. i Med., No. 6, 87 (1968). 

806 



3~ 

4. 

5. 

6. 
7. 
8. 

Vo N. Dobrokhotov, I. V. Markelova, L. V. Sokolova, et al., Trudy Moskovsk. Obshch. Ispytatelei  
Pr i rody ,  11, 165 {1964). 
S. M. Kolomina, Diurnal Rhythm of Mitosis in Various Malignant Tumors  of Mice. Author ' s  Abs t rac t  
of Candidate, s Disser ta t ion [ill Russian], Moscow (1966). 
L. V. Slavene and V. I. Shimkyavichene, Trudy Akad. Nauk Litovsk. SSR, Seriya B, 2, No. 49, 171 
(1969). 
A. F. Badren and J. M. Echave Llanos, Rev. La t . -Amer .  Anat. Pat . ,  7, 49 (1963). 
A. F. Badren and J. M. Echave Llanos, J. Nat. Cancer Inst., 35, 285 ~1965). 
K. Pohle, E. Matthies, and K. Meng, Z. Krebs[orsch., 64, 215 (1961). 

807 


