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After  administrat ion of cyclophosphamide to mice the mean mitotic activity for  the 24-h 
period in a transplantable carc inoma of the fores tomach was depressed.  The grea tes t  
degree of inhibition of tumor  growth was observed after  administrat ion of the compound 
during the morning. 

Recent investigations have shown that inhibitors of cell division differ in their  effects on the diurnal 
rhythm of mitosis  both in normal  t i ssues  [4, 5] and in tumor  t i ssues  [3, 8] when these inhibitors are  ad- 
minis tered at different t imes  of day. 

Some workers  [6, 7, 11] have observed that anti tumor compounds, when adminis tered  at t imes  of 
maximal and minimal mitotic activity (MA), differ in their  effects on the growth of tumors  and on the su r -  
vival of animals affected by malignant tumors .  

The object of the present  investigation was to study changes in the cha rac te r  of the diurnal rhythm 
of mitosis  and the rate of growth of a transplantable carc inoma of the fo res tomach  (strain OZh-5) in mice 
after  administrat ion of cyclophosphamide to the animals at different t imes  of day. 

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

Two ser ies  of experiments  were ca r r i ed  out on sexually mature male C3HA mice.  

In se r ies  I the diurnal rhythm of mitosis  was studied in tumors  of two groups of mice receiving cyclo-  
phosphamide at different t imes  of day. The t ime of administrat ion of the compound was chosen on the basis 
of previous descriptions [1, 2] of the diurnal rhythm of mitosis in this tumor  (the number of mitoses  reaches  
a maximum at 10 A.M. and a minimum at 10 P.M.). Cyclophosphamide was given 5 h before the maximum 
or minimum of the number  of mitoses  was reached (at 5 A.M. and 5 P.M. respectively).  On the 9th day 
of tumor  growth the animals received cyclophosphamide by intraperi toneal  injection in a dose of 50 mg/kg 
body weight. The f i rs t  animal in all the groups was sacr i f iced 2 h af ter  the injection, and other animals 
were sacr i f iced subsequently at intervals of 3 h for 24 h. At each t ime 6-7 animals were killed. 

Pieces of carc inoma were fixed in Carnoy ' s  fluid and embedded in paraffin wax and sections cut to 
a thickness of 7-8 g were stained with hematoxylin. The number of mitoses  in the var ious  phases was 
counted (binocular microscope ,  900 x) in 10,000 cells in par ts  of the tumor  free f rom necros is .  The mitotic 
index (MI) was calculated inpro mille. In the experiments  of ser ies  II the rate of growth of the tumor  was 
studied after  administrat ion of cyclophosphamide at 5 A.M. and 5 P.M. The 60 mice were divided into 3 
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TABLE 1. Diurnal  Changes in Number  of Mi toses  in Ca rc inoma  of 
F o r e s t o m a c h  a f t e r  Admin i s t r a t i on  of Cyclophosphamide at 5 A.M. 
and 5 P.M. 

Time of day 

Without cyclophos- 
phamide (control) 

MI ] p 

Cyclophosphamide in- 
jected at 5 AM 

~I r P 

Cyclophosphamide in- 
jected at 5 PM 

MI I P 

10 
13 
16 
19 
22 

1 
4 
7 

20,6 
16,7 
13,7 
11,4 
8,7 
8,5 

12,0 
14,2 

0,08 
0,09 
0,06 
0,02 

0,004 
0,13 
O, 004 

7,6 
7,6 
9,9 
8,7 
6,4 
6,4 
9,9 
5, 7 ~ 

m 

O, 138 

0,04 

0,006 

0,08 

I1,0 
10,8 
9,6 
8,1" 
6,5 
5,8 
8.8 
9,0 

Mean 13,2 . 7,8 8,6 

7--16 h 
16--22 h 
16--1 h 

0.0001 
0,0001 
0,0001 

0,005 
0,01 
0,02 

lO--16h 
I0--i h 
I--7 h 

19--I h 
1--7 h 
l--lOb 

* l s t  an imal  s a c r i f i c e d  2 h a f t e r  inject ion.  

0,07 
0,389 
0,02 

0,09 

0,017 
0,008 
0,0001 

groups ,  with 20 an ima l s  in each  group.  In group 1, s ta r t ing  f rom the 4th day a f te r  t r ansp lan ta t ion  of the 
tumor ,  the an ima l s  r e c e i v e d  cyc lophosphamide  daily for  4 days by i n t r ape r i t onea l  inject ion in a dose of 
50 m g / k g  at 5 A.M. In  group 2 the cyclophosphamide was in jec ted  at 5 P.M. in the same dose for  4 days  
s ta r t ing  f r o m  the 4th day a f t e r  t r ansp lan ta t ion .  The to ta l  dose of cyclophosphamide in each  e xpe r i men t a l  
group was thus 200 mg/kg .  The an ima l s  of group 3 ac ted  as  the control .  On the 12th day of growth of the 
ca rc inoma ,  i . e . ,  4 days  a f t e r  the l a s t  in ject ion,  the an ima l s  of a l l  3 g roups  were  s a c r i f i c e d  and the t u m o r  
was r emoved ,  f r e e d  f r o m  surrounding t i s s u e s ,  and weighed.  The mean weight of the t u m o r  in each  group 
was ca lcu la ted  and the pe rcen tage  inhibit ion de t e rmined  as the r a t io  of the di f ference in mean weight of 
the t umor  in the control  and the e x p e r i m e n t a l  groups  to the mean weight of the t u m o r  in the control  group 

and e x p r e s s e d  in pe rcen t .  

S ta t i s t i ca l  ana lys i s  of the r e s u l t s  was c a r r i e d  out by the F i she r -S tuden t  method. 

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

As Table 1 shows, when cyclophosphamide  was given in the morning or  in the evening the re  was a 
d e c r e a s e  in the mean MA of the c a r c i n o m a  of the f o r e s t o m a c h  over  the 24-h per iod .  The d i f fe rences  be -  
tween the mean daily va lues  of MI in the c a r c i n o m a  of the cont ro l  mice  and a f te r  inject ion of cyc lophos-  
phamide at  5 A.M. and 5 P.M. wore  s ignif icant  (P=0.003 and 0:.01 respec t ive ly ) ,  but d i f fe rences  between 
the mean daily MI a f t e r  admin i s t r a t i on  of the compound in the morning and evening were  not s ignif icant  

(P=0.383).  

Af te r  admin i s t r a t i on  of cyclophosphamide  in the evening the c h a r a c t e r  of  the d iurnal  rhy thm of cel l  
d ivis ion in the c a r c i n o m a  was the same  as  in an ima l s  not r ece iv ing  the compound. The number  of mi toses  
r eached  a min imum between 10 P.M. and 1 A.M.,  a f t e r  which the number  of dividing ce l l s  showed an in-  
c r e a s e  which became s ignif icant  by 7 A.M. and r eached  i t s  maximum between 10 A.M. and 1 P.M. 

It is  in t e res t ing  to note that  although 2 h a f t e r  in ject ion (at 7 P.M.) MA was d e p r e s s e d  compared  with 
i ts leve l  in the un t rea ted  ca r c inoma  (P =0.008), the g r e a t e s t  effect  was not obse rved  until  a f t e r  17 h (a de-  
c r e a s e  of 1.9 t imes ) ,  i . e . ,  at 10 A.M. 

A dif ferent  p ic tu re  was found when the cyclophosphamide  was given in the morning:  2 h a f t e r  i n j ec -  
t ion (at 7 A.M.) inhibi t ion of cel l  d iv is ions  r e a c h e d  a max imum,  and the subsequent  i n c r e a s e  in the va lues  
of MI did not become s ignif icant  until  4 P.M.,  a f t e r  which a d e c r e a s e  in the number  of dividing ce l l s  was 
obse rved  as  is  c h a r a c t e r i s t i c  of th is  t umor  during the evening and night,  and this  was again followed by 
an i nc rea se  in the number  of m i t o s e s .  The effect  of cyclophosphamide  r eached  i ts  max imum 5 h a f t e r  in-  
ject ion (a d e c r e a s e  by 2.7 t imes ) ,  i . e . ,  at 10 A.M. 
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After  administrat ion of cyclophosphamide in the morning, the values of MI at the t imes of maximal 
inhibition of cell division (7 and 10 A.M., 1 P.M.) were significantly lower than after  its administrat ion in 
the evening (P = 0.007, 0.01, and 0.008 respectively).  Accordingly, the charac te r  of the diurnal rhythm of 
mitosis was al tered.  

Whereas in the control  group and after  administration of the compound in the evening the number of 
mitoses  reached a maximum at 10 A.M., af ter  administrat ion in the evening the maximum was reached at 
4 P.M. 

It can therefore  be concluded that the greates t  depression of MA after  administrat ion of cyclophos-  
phamide is observed at the t imes of maximal  cell proliferation in the tumors ,  and if the compound is given 
at t imes  before the number of mitoses  reaches  a maximum, this inhibition is g rea te r  in degree.  

In the experiments  of ser ies  II to study the action of cyclophosphamide on the rate of growth of c a r -  
cinoma of the fo res tomach  the following resul ts  were obtained: the mean weight of the tumor  in the con- 
t ro l  ser ies  was 4.2 g, after  administrat ion of cyclophosphamide at 5 A.M. it was 3.1 g, and after  its ad- 
ministrat ion at 5 P.M. it was 3.6 g. The difference between the mean weight of the tumor  in the control 
animals and after  administrat ion of cyelophosphamide at 5 A.M. and 5 P.M. respect ively was significant 
(P =0.0001 and 0.01 respectively).  Differences between the weight of the tumor  after  administrat ion of 
cyclophosphamide at the different t imes of day also were significant (P = 0.005). The percentage inhibition 
after  administrat ion in the morning was 26.2, and in the evening 13.9. 

These resul ts  show that the smallest  weight of the tumor  was observed after  administrat ion of cyclo-  
phosphamide at 5 A.M., i .e. ,  when it was given before the t ime of maximal MA. 

These resul ts  show that the inhibitory effect of cyclophosphamide is exhibited soon after  its admin- 
istration,  and that this effect is grea tes t  if the compound is given at t imes when most cells of the given 
population are  preparing for  mitosis .  This suggests that the compound acts preferent ial ly  on cells in the 
premitot ic  phase of the cell cycle.  

These resul ts  are  in agreement  with those obtained by other workers  [6, 7] who found maximal in- 
hibition of tumor  growth and maximal survival of animals with tumors  af ter  administrat ion of cyclophos-  
phamide (Endoxan) ei ther  at t imes before the number of mitoses  reached a maximum or actually at the 
time of the maximum. The resul ts  of the present  investigation also support the view that cyclophosphamide, 
a compound with alkylating action, affects the premitot ie  phase G 2 of the cell cycle in small doses (30-60 
mg/kg) [9, 10]. 

The resul ts  of the present  investigation indicate that the effect of cyclophosphamide, both on the di- 
urnal rhythm of mitosis  and on the rate of growth of carc inoma of the fores tomaeh,  differs when the com-  
pound is adminis tered at different t imes of day. 
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