
E F F E C T  O F  T H E  R H Y T H M  O F  C Y C L O P H O S P H A M I D E  

A D M I N I S T R A T I O N  ON I T S  A N T I T U M O R  A C T I O N  A N D  

T H E  I M M U N E  R E S P O N S E  O F  M I C E  W I T H  

M E T H Y L C H O L A N T H R E N E  S A R C O M A  

S. P .  G o r d i e n k o ,  UDC 616-006.3.04-082.9-02:615.277,4]-085.277.3-07:616.15-097.5 
V. M. B e r g o l ' t s ,  
a n d  K. V. B o t s m a n o v  

The therapeutic effect of cyclophosphamide (CP) in relation to the dose and rhythm of its ad- 
minis t ra t ion was studied in C 57BL/6 mice with a methylcholanthrene-induced sarcoma.  The 
optimal scheme giving a complete cure of the experimental  animals was 5 injections, each of 
199 mg/kg  CP at intervals  of 10 days. The effect of the total dose of CP on humoral  anti tu- 
m o t  immunity was demonstra ted:  af ter  injection of 100 mg/kg  CP the animals '  se rum lost  
its ability to st imulate tumor growth and acquired cytotoxic propert ies .  The serum of animals 
receiving total doses of CP above 400 mg/kg  lost its effect on tumor growth. The doses of CP 
used did not affect ce l lu lar  ant i tumor immunity (the cytotexicity of the lymphocytes and r e -  
sistance of the tumor  to retransplantation).  
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Despite the many experimental  and clinical investigations into the effect of cyclophosphamide (CP) on 
the growth of malignant tumors  there is still no general  agreement  regarding the optimal doses and rhythm 
of its administrat ion [1-8]. The resul ts  of exper iments  on animals without tumors  indicate that ant i tumor 
agents including CP, depending on the dose and rhythm of their  administrat ion,  may considerably modify 
the immunologic react iv i ty  of the organism [9, 10]. Meanwhile no data on the effect of the intervals and 
rhythm of CP adminis t rat ion on the immm~e response of tumor -bear ing  animals could be found in the ac -  
cessible  l i terature.  

The object of the investigation was to study the effect of different rhythms of administrat ion o[ CP on 
its ant i tumor action and on the immune response  of mice with methylcholanthrene sarcoma.  

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

Inbred C57BL/6 mice were used. A polymorphocel lu lar  sa rcoma  was induced by 20-methylcholanth-  
rene and its f i rs t  3 generat ions were used. To obtain serum the tumor-bear ing  mice were totally exsan-  
guinated by division of the axi l tary vascular  plexus. Lymphocytes  were obtained from the per ipheral  lymph 
glands. 

The cytotoxicity of the immune lymphocytes  and se rum in vivo against cells  of a syngeneic tumor were 
tested by Winn's method [12]. In the f i rs t  case living sa rcoma  cel ls  (1 • 10 ~) and immune or  normal  syn-  
geneic lymphoeytes were mixed in the ratio of 1 : 200. In the second case,  the s a rcoma  cells  were t r e a ~ d  
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with 0.15 ml immune or  normal  serum.  After  incubation at 37~ for 30 min the mixture was injected sub- 
cutaneously into intact syngeneic mice. After  10 days the mice were killed and the tumors  weighed. The 
percentage inhibition of tumor growth (the effect of the lymphocytes or  serum) was calculated by the for -  
mula 

- • : e  - -  Xc ---  x lOO. 
x c 

where Xe is the mean weight of the tumor in the experimental  group and Xc the mean weight of the tumor in 
the control  group. 

Anti tumor res is tance was tested by reinoculating the experimental  mice with the transplantation dose 
of tumor cells  (1 • 10 ~) 35 days after  complete r eg ress ion  of the tumors.  

A cell suspension of the methylcholanthrene sa rcoma (MCS) was obtained by trypsinization. The cel ls  
were counted by Schrek ' s  method [11]. 

CP of  East  German manufacture was used. The compound was diluted in distil led water  before use 
and injected intraperi t0neally as a 0.2% solution. Depending on the dose and rhythm of CP administrat ion 
the animals  were divided into 7 groups (Table 1). The resul ts  were subjected to stat ist ical  analysis  by the 
S t u d e n t - F i s h e r  method. 

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

In the experiments  of ser ies  I the anti tumor action of CP was studied in C57BL/6 mice with MCS (2nd 
and 3rd generations) depending on the frequency of its administrat ion and the total dose. CP was given in 
a dose of 100 mg/kg,  which is only 40 % of the maximal tolerated dose, but (judging by the increased length 
of survival of the mice with tumors) it has anti tumor action equal to that of a dose of 250 mg/kg.  

In the mice receiving CP in single doses of 100 and 250 mg/kg  growth of the tumor was inhibited con-  
siderably and the life span of the mice with the tumors  was increased,  but a cure was not observed in any 
of the animals.  Complete r eg ress ion  of the tumor was observed in 100% of cases  of mice receiving CP as 
5 separate injections at intervals of 10 days (total dose 500 mg/kg).  No recur rence  of the tumor took place 
during 120 days of observation. 

Three injections of CP at the same intervals (total dose 300 mg/kg) also led to complete regress ion  
of the tumor in 100% of the experimental  animals, Under these c i rcumstances ,  however, the tumor r e -  
cu r red  during the period of observat ion in 34 % of the mice. 

If the intervals between injections were increased to 15 days but the total dose kept at 500 mg/kg  (5 
injections), r e cu r r ences  of the tumor took place in 40% of the animals.  

In the tumor-bear ing  mice receiving CP at intervals  of 3 days (total dose 300 mg/kg) r eg ress ion  of 
the tumor  was Observed in 100% of the animals that survived. With this scheme of CP injection, however, 
the morta l i ty  of the mice from the toxic action of the compound was very high (69.7 %). 

TABLE 1. Effect of Serum* of Tumor -Bea r ing  Mice Treated with 
CP Injected Once every  10 Days (total dose  500 mg/kg) on Growth 
of MCSt 

Group" Mice from which serum 
was obtained 

Intact.(untreated) . 
Tumor- bearing " 
Receiving CP 6nee 

(t00 m~/~g) 
Twice (200 '~ /kg )  . 
Three times(31)O fagf. 1~) 
Four t imes (400 mgT.kg'j 
Five t imes (500 mg/k~) 

Mean wt. of 
tamers ingroup 

(in rag) 

Stimulation (+) ] 
or inhibition ] 
(-) of tumor l 
growth fin %) [ 

73,2~2,7 
115+5,8 -- 152 

23,3 +- 2, I -- 68 

l l ,  l - *  L,94 - - 8 4  
40,3--2,26 --45 

76~3,08 - = 3 , 8  
77-----4,37 :-6,3 

~o,oo t 
�9 .~O,OOl 

~o,00 I 
-::0,001 
:>0,5 

0.5~P~0,2 

* Serum taken f rom mice on 4th day a~ter injection of CP, 
Sarcoma cel ls  injected subcutaneously in the dorsa l  region in a dose 

of 1 xl0S with 0.1 ml of the test serum. 
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The effect of different doses  and rhythms of CP adminis t rat ion on the immune response of the tumor-  
bearing mice was studied in the exper iments  of se r ies  II. 

The resul ts  of these exper iments  showed (Table 1) that the serum of the untreated mice with tumors  
induced marked stimulation of tumor growth in the recipient  mice. Meanwhile serum taken from tumor-  
bearing mice receiving CP injections once every  10 days had a marked cytotexic action on the tumor cells. 
However, if the total dose of CP amounted to 400 and 500 mg/kg  the serum of the mice no longer had any 
effect on tumor growth. Similar  resul ts  were obtained in the experiments  in which the compound was in- 
jected at intervals  of 15 days- 

After  injection of CP once every  3 days the serum of mice receiving the compound in doses of 100 and 
200 mg/kg  had a cytotoxic action. Increas ing the total dose of the compound to 300 mg/kg  led to loss of the 
effect of the se rum on tumor growth. 

The exper iments  to study the cytotoxieity of the immune lymphocytes of the t u m o r - b e a r i n g  mice 
showed that lymphoeytes of the tumor-bear ing  mice had a cytotoxic action regard less  of the rhythm of in- 
jection o r  the total dose of CP. In all groups the cytotoxie index was 1. Lymphocytes of intact mice had no 
effect on tumor growth. 

Tumor  res is tance  was next studied. For  this purpose the mice of all groups were inoculated 35 days 
af ter  complete r eg res s ion  of the tumors  with a transplantation dose of cells  (1 • 105) f rom a second-genera-  
tion sarcoma.  

The resul ts  of these experiments  showed that reinoculation with s a rcoma  cells  of C57BL/6 mice 
treated with CP, adminis tered  by various schemes ,  did not lead to development of a tumor. 

The resul ts  of these experiments  on syngeneic mice thus showed that by changing the interval be- 
tween injections of the same sessional  dose of the compound the therapeutic effect could differ in its 
strength,  up to complete cure  of the animals  with tumors.  The optimal scheme of t reatment  of MCS was 5 
injections of CP at intervals  of 10 days (total dose 500 mg/kg). 

Investigation of se rum obtained from mice treated with CP adminis tered by different schemes showed 
that the compound modifies the proper t ies  of the se rum considerably:  it lost  its ability to stimulate tumor 
growth and acquired eytotoxic proper t ies ,  but af ter  an increase in the total dose of CP to 400 or  500 mg/kg  
the se rum no longer  had any effect on tumor growth. This fact can evidently be explained on the grounds 
that in these doses the compoand completely  suppressed the humoral  immune response.  

The preserva t ion  of the cytotoxieity of the immune lymphocytes and res is tance  to reinoculation with 
MCS is evidence of the stabili ty of the ce l lu lar  fac tors  of ant i tumor immunity toward the action of CP. 

The resul ts  co r re la te  with those obtained by Brondz [1], who showed that the lymphocytes of i r r ad i -  
ated mice immunized with sa rcoma  MCh-1 p re se rve  their  cytotexic proper t ies  at  a time of complete ab-  
sence of humoral  antibodies against  the same antigens in the body. In this respec t  the proper t ies  of anti-  
tumor and transplantation immunity are  identical. In par t icular ,  it was shown that during repeated skin 
graft ing cytotoxic agents do not increase  the period of survival  of the graft.  

It seems very  probable that CP and the cel lular  factors  of immunity of the tumor-bear ing  animal act  
synergis t ica l ly  in their  ant i tumor effect: 
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