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After  adminis t ra t ion  of cyclophosphamide to mice  with t ransp lan ted  La  hemocy tob la s tos i s  
at 10 A.M., the i r  mean l i fespan was significantly longer  than if the cyc lophosphamide  was 
injected at 10 P. M. 

Invest igat ions  have shown that  cytos ta t ic  agents d i f fer  in the i r  action on the intensi ty of cell  divis ion 
in no rma l  t i s sues  [4, 7, 10] and on the l i fespan of an imals  with malignant  t umor s  [8, 9, 15] when admin i -  
s t e r ed  at d i f ferent  t imes  of day or  night. 

The object  of this invest igat ion was to study the ef fec t  of the t ime  of admin is t ra t ion  of the alkylating 
compound cyclophosphamide,  which is widely used  for  the t r e a t m e n t  of leukemia ,  on the l i fespan of mice  
with t ransp lan ted  l eukemia  (La hemocytoblas tos i s ) .  This p r o b l e m  was inves t igated a f te r  admin is t ra t ion  of 
single l a rge  doses  of cyclophosphamide at the height of l eukemia  development  and in the initial  per iods  
af ter  t ransplanta t ion  ( se r i e s  1). The effect  of smal l  doses  of the compound, injected repea ted ly  at d i f ferent  
t imes  of day, on the l i fespan of the mice also was inves t igated ( se r i es  I1). 

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

Leukemia  was t ransp lan ted  into C57B1 mice  by in t raper i tonea l  inject ion of 2 " 106 ce l l s  obtained f r o m  
the spleen of a mouse with La  hemocytob las tos i s .  

In s e r i e s  I the ef fec t  of cyclophosphamide,  injected as a single dose of 100 mg/kg  at d i f ferent  t imes  
of day, on the l i fespan of mice with l eukemia  was studied. The exper imen ta l  an imals  were  divided into 5 
groups.  Group 1, the control ,  included mice with l eukemia  and not rece iv ing  cyclophosphamide.  The ani-  
mals  of group 2 rece ived  cyclophosphamide at 11 A. M., which was 5 days 23 h a f te r  t ransplan ta t ion  of the 
leukemia ,  and the an imals  of group 3 rece ived  cyclophosphamide at 11 P. M., o r  6 days 11 h a f t e r  t r a n s -  
plantat ion of the leukemia.  

The dif ference in the durat ion of l eukemia  development  up to the t ime  of injection of the compound 
occu r r ed  because  l eukemia  was t ransp lan ted  at the s ame  t ime  in all 3 groups,  while cyclophosphamide  was 
injected at d i f ferent  t imes  of day. The effect  would also have been different  i f  the l eukemia  had been 
t ransp lan ted  at d i f ferent  t imes  so as to equal ize the durat ion of i ts  deve lopmentup  to the t ime  of injection 
of the cyclophosphamide,  because  the t ime  of carc inogenic  action also affects  the intensi ty  of deve lopment  
of t u m o r s  [11, 12]. 

In group 4 the l eukemia  was t ransp lan ted  at 9 A.M., and cyclophosphamide  was injected 2 h la ter .  In 
group 5 the l eukemia  was t ransp lan ted  at 9 P.M.,  and cyclophosphamide also injected 2 h la ter .  The role  
of the l a s t  2 groups  is  l a rge ly  one of a technical  control ,  because  the e a r l y  inject ion of an t i tumor  subs tances  
is f requent ly  used  to study the act ivi ty of these compounds in exper imenta l  chemotherapy .  The r e su l t s  of 
the expe r imen t s  of s e r i e s  I a re  given in Table 1. 
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E X P E R I M E N T A L  R E S U L T S  

A single injection of cyclophosphamide in a dose of 100 mg/kg body weight on the 6th-7th day of 
leukemia development led to a significant increase  in the lifespan of the mice. However, the degree of in- 
c r ease  in the lifespan depended on the t ime of injection of the compound: it was g rea t e r  if the injection 
was given in the morning than in the evening, The difference between the mean lifespans of the mice was 
2.6 days, and was stat is t ical ly significant. 

Injection of the same dose of cyclophosphamide 2 h after t ransplantat ion of the leukemia also led to 
an increase  in lifespan of the animals (P =0.0001), but there  was no difference depending on the time of 
injection of the compound. 

In se r ies  II the effect of cyclophosphamide,  when injected in small doses,  on the lifespan of the mice 
with leukemia was studied if the injections were given repeatedly at different t imes of day. The animals 
also were subdivided into 5 groups. Group 1 consisted of control  mice with leukemia and not receiving 
cyclophosphamide. The ra ts  of group 2 received cyclophosphamide for 5 days, s tart ing f rom the 4th day 
after  transplantat ion of the leukemia, in a dose of 20 mg/kg  at 10 A.M. each day; in group 3 the exper imen-  
tal conditions were the same but the injections were given at 10 P.M. each day; in group 4 cyclophosphamide 
was given for 5 days, s tart ing on the 4th day after  t ransplantat ion of the leukemia, in a dose of 7 mg/kg body 
weight at 10 A.M. each day; and in group 5 the conditions were the same but the injections were given at 
10 P. M. each day. The resul ts  are given in Table 2. 

As a resul t  of 5 injections of the compound in a total dose of 100 mg/kg, a significant increase  in 
mean lifespan of the mice compared with the control was found. The lifespan of mice receiving cyclophos-  
pbamide at 10 A.M. was longest. Its difference (2 days) f rom the lifespan of mice receiving cyclophos-  
phamide at 10 P.M. was s tat is t ical ly significant. A dose of 7 mg/kg,  injected daily for 5 days, was ineffec-  
tive. 
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Regular  diurnal  changes in the number  of mi toses  have now been found in seve ra l  spontaneous,  in-  
duced, and t ransplanted tumors .  In recent  invest igat ions of some no rma l  t i s sues  of l abo ra to ry  an imals  it 
has  also been shown that  the number  of cel ls  in var ious  phases  of the mitot ic  cycle also changes during 
the 24-h per iod.  The number  of cel ls  synthesizing DNA is g r e a t e r  at some t imes  of day than at o thers  
[5, 6, 14]. Although there  is evidently no s t r i c t ly  definite in terva l  between the t ime of day when the num-  
b e r  of ce l l s  synthesiz ing DNA is at its m a x i m u m  and the t ime of the m a x i m u m  number  of mi toses ,  the 
poss ib i l i ty  neve r the l e s s  is not ruled out that  these  two per iodic  p r o c e s s e s  may be linked in some definite 
manner .  

The wr i t e r  has p rev ious ly  demons t ra t ed  [1] a diurnal  rhy thm of mi tos i s  in the spleen cel ls  of mice 
with La hemocytob las tos i s .  The l a rge s t  number  of mi toses  was found at 7 P.M. and the sma l l e s t  between 
10 P.M. and 4 A.M. On the bas i s  of f igures  for  the durat ion of the mitotic cycle  and of i ts  individual 
per iods  in leukemic  cel ls  [3], and also of the fact  that cyclophosphamide e x e r t s  i ts  an t i tumor  action through 
its blocking effect  on p r o c e s s e s  taking place  in the p remi to t i c  and synthetic per iods  of the cycle [13], it 
was decided to inject  cyclophosphamide at different  t imes  of day, 6 - 9 h  be fo re  the min imum and max imu m 
of the number  of mi toses ,  with the object  of ensur ing  that  it acted on interkinet ic  ce l l s  at the per iods  of 
the mitotic cycle when they were  mos t  sens i t ive  to it. 

The r e su l t s  of an e a r l i e r  invest igat ion [2], when no d i f fe rences  in the m e a n  daily level  of mi to t ic  ac-  
t ivi ty  depending on the t ime of injection of the compound could be d i scove red  a f te r  a single injection of cy-  
c lophosphamide into mice  in a dose of 100 mg/kg,  cannot be r e g a r d e d  as contradic t ing  the r e su l t s  of the 
p r e sen t  invest igat ion.  On the con t ra ry ,  the r e su l t s  now obtained, conf i rming the role of the t ime  of in jec-  
t-ion of compounds in inc reas ing  the i r  e f fec t iveness ,  call  for  fu r ther  a t tempts  to be made to d i scove r  the 
causes  of this phenomenon. 

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

1. V . I .  Vas i l ' eva ,  in: Cur ren t  P r o b l e m s  in Biology and Moscow (1968), p. 155. 
2. V. L Vas i l ' eva ,  Byull. ~-ksperim. Biol. i Med., No. 2, 85 (1970). 
3. S .A.  Goncharova,  L. P. Lipchina, and O. S. Frankfur t ,  Tsi tologiya,  No. 4 ,407  (1967). 
4. V . N .  Dobrokhotov, I. V. Markelova ,  et  al., Trudy Moskovsk. Obshch. Ispyt.  P r i rody ,  1__.1, 165 (1964). 
5. S .S.  Laguchev, I. V. Marke lova ,  et al. ,  in: Regenera t ion  and Cell Division [in Russian],  Moscow 

(1968), p. 227. 
S. G. Mamontov,  Byull. t~ksperim. Biol. i Med., No. 10, 85 (1969). 6, 

7. L . V .  Slavene and V. I. Shimkyavichene,  Trudy Akad. Nauk Litovsk. SSR, Ser iya  B, 2/49,  171 (1969). 
8. A . F .  Badran and J. M. Echave Llanos,  Rev. L a t . - A m e r .  Anat. Pa t . ,  7, 49 (1963). 
9. A . F .  Badran  and J. M. Echave Llanos,  J. Nat. Cancer  Inst. ,  3_~5,285 (1965). 

10. S .S .  Cardoso and R. Ca r t e r ,  Proc .  Soc. Exp. Biol. (New York), 13!,  1403 (1969). 
11. J . V .  Fre i  and A. C. Ritehie,  J. Nat. Cancer  Inst. ,  3__22, 1213 (1964). 
12. J . C .  Mot t ram,  J. Path.  Bact . ,  57_._., 265 (1945). 
13. G. P a l m  and E. L i s s ,  Europ. J. Cancer ,  1_, 245 (1965). 
14. C. P i lg r im,  W. Erb,  and W. Maure r ,  Nature,  19__99, 863 (1963). 
15. K. Pohle,  E. Matthies,  and K. Meng, Z. Krebs forsch . ,  644, 215 (1961). 

173 


