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P H A R M A C O K I N E T I C  A S P E C T S  OF 

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

L.  Yu .  T e l e g i n  

T H E  IMMU NODE PRESSIVE 

UDC 612.017.1.014.46:615.277.3 

The alkylating and immunodepress ive  activity of the se rum of CBA, BALB/c, and DBA/2 
mice af ter  adminis t rat ion of cyelophosphamide was studied. Inter l inear  differences were 
found in these pa rame te r s ,  but no di rec t  corre la t ion  could be shown to exist  between them. 
The DBA/2 mice,  which were most  sensit ive to the immunodepress ive action of  cyclophos-  
phamide, had the highest s e rum immunodepress ive  activity. 

KEY WORDS: cyclophosphamide;  metabol ism; immunodepression;  genotype. 

A previous investigation [5] showed that mice of different lines a re  unequally sensit ive to the immuno- 
depress ive  action of cyclophosphamide (CP). All stages of the pharmacokinet ic  p rocess  determining the fate 
of a drug in the body a re  considered to "take place by means of specific and nonspecific enzymes whose syn-  
thesis is unquestionably under genetic control  M [2]. It can therefore  be tentatively suggested that differences 
found in the immunodepress ive  activity of CP are  connected with differences in its pharmacokinet ics  in mice 
of different genotypes. This suggestion is supported by ear l ie r  observations [5] showing differences in the rate  
of oxidative hydroxylation of CP in mice of different lines. 

CP is an alkylating agent but, unlike many other immunodepressants  of this group, in the intact state it 
has virtually no cytotoxic activity. It owes its biological effect to the formation of act ive metaboli tes,  p ro -  
duced as a r e su l t  of activation of the substance by an NADPH-dependent enzyme sys tem of the endoplasmic 
ret iculum of the liver [10]. It was accordingly decided to study the alkylating and immunodepress ive  activity of 
the blood serum,  i.e., indices reflecting the formation of active CP metabolites in the body, in mice of different 
lines. 

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

Male CBA, BALB/c, and DBA/2 mice weighing 18-25 g (from the "Stolbovaya" Nursery,  Academy of Medi- 
cal Sciences of the USSR) were used. The Soviet preparat ion cyclophosphan was used as CP. The alkylating 
activity of CP metabolites was determined in the blood se rum of the mice at various times after in t raper i -  
toneal injection of CP. Each sample consisted of pooled sera  f rom three mice. The NBP-tes t  [9] by the 
method described previously [4], with slight modifications, was used for the determination. The immunodepres-  
s i re  activity of the se rum was tested by a method developed by the wri ter  for mice. CBA mice were sensit ized 
intravenously with 106 sheep 's  red cells (SRBC) 7 days before the experiment.  A cell suspension was prepared 
f rom the spleens of these mice in medium 199 with antibiotics (100 units penicillin and 100 units s t reptomycin 
to 1 ml), which was incubated for 1 h at 37~ in the presence  of se rum f rom mice receiving CP ("active" 
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TABLE 1. Alkylating Activity of Blood 
Serum of Mice of Various Lines af ter  
Injection of 200 mg/kg CP 

rime of investigation after injection 
miceLine of ,~f CP, min 

t '  7o 3o 90 

0,85 1,24 0,40 
0,73 1,07 0,26 
0,76 1,06 0,25 

Legend: 1. Mean resul ts  of three exper i -  
ments given. 2. Here and in Table 2, 
alkylating activi ty expressed in optical 
density units/ml.  3. Significance of differ-  
ences determined by nonparametr ic  c r i -  
ter ia  (see "Experimental  Method"). 

BALB/c 
CBA 
DBA/2 

serum).  The incubation mixture (1 ml) contained 125 million spleen cells and 0.5 ml of active serum.  The cells 
were  then washed once with medium 199 cooled to 4~ and injected intravenously into syngeneic mice in a dose 
of 50 million cells together with 4x  108 SRBC. The recipient  mice had rece ived  CP 3-4 h previously in a dose 
of 200 mg/kg in order  to suppress  their own immunoreact ivi ty  [1]. The number of 19S-antibody-forming cells 
in the rec ip ien ts '  spleen was determined 5 days later  by the method of local hemolysis  in agar  [11]. The con-  
tent of immunodepress ive  metaboli tes of CP in the s e rum was judged f rom the degree of depress ion of the 
immune response  of the transplanted cells compared with the control  (incubation of cells with normal  mouse 
serum).  

The significance of differences was determined by pa ramet r i c  and nonparametr ic  s tat is t ical  methods 
(Student's t - tes t ,  c r i t e r ion  of signs, Wilcoxon's two-sample  tes t  [3, 6]). 

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

The resul ts  of the investigation of the alkylating activity of se rum taken f rom mice at various t imes af ter  
injection of 200 mg/kg CP are  given in Table 1. 

The alkylating activity of the se rum reached a considerable  level 10 min after  injection of the compound. 
The concentrat ion of alkylating metabolites in the se rum reached a maximum after  about 30 min, and after 
1.5 h their concentra t ion fell significantly (the resul ts  of intermediate  t imes of determinat ion a re  not given in 
Table 1). Statist ical  analysis  showed that the alkylating activity of the s e rum of BALB/c mice was significantly 
(0.01 < P < 0.05) higher than that of CBA and DBA/2 mice,  in which it was equal (P> 0.05). 

In the next ser ies  of experiments  the immunodepress ive  activity of the blood se rum of mice of different 
lines was tested af ter  injection of CP in a dose of 200 mg/kg. Serum was taken 30 min af ter  injection of CP,  
i.e., at  the t ime of the highest level of alkylating products in the blood. The experiments  were repeated 3 
times and showed that the immunodepress ive  activity of the s e rum in DBA/2 and BALB/c mice was significantly 
(P< 0.001) higher than in CBA mice (the immune response  in the tes t  sys tem was depressed to 35.3 x 1.2, 
40.4• 1.3, and 86.9• 1.1% of the control  level). At the same time it was found that DBA/2 mouse se rum was 
slightly but significantly (P < 0.05) more  act ive than BALB/c serum.  

Compar ison  of the alkylating and immunodepress ive  activity of sera  f rom the various lines of mice 
showed no para l le l  trend of these pa ramete r s .  For  instance,  DBA/2 mice,  in which the concentrat ion of alkyl-  
ating products was the same as in CBA mice,  had much higher immunodepress ive  activity of their serum. On 
the other hand, in BALB/c mice,  with the highest level of alkylating metabolites of CP, the blood se rum had 
weaker immunodepress ive  action than that of DBA/2 mice. 

In the final ser ies  of experiments  the alkylating and immunodepress ive  activity of the s e rum of mice 
rece iv ing  different doses of CP was compared.  BALB/c mice received injections of 200 and 800 mg/kg CP;  
blood was taken 30 min later  and the alkylating activi ty of the se ra  and their action on the immune response  of 
spleen cells of intact  BALB/c mice were determined in adoptive t ransfer .  Before incubation with the cel ls ,  
the s e r u m  of the mice receiving CP in a dose of 800 mg/kg, with higher alkylating activi ty than serum of mice 
receiving only 200 mg/kg, was diluted with normal  mouse s e rum so that the concentrat ions of alkylating prod-  
ucts were  the same in the two incubation mixtures .  The resul ts  a re  given in Table 2. They show that, despite 
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TABLE 2. 
Blood Serum af ter  Adminis t ra t ion of Different Doses of C P 

Alkylating and Immunodepress ive  Activity of Mouse 

Expt. 
Dose of CP in- Alkylating 
jected into mouse activity ot 

I serum donoi"s, incubation 
I mg/kg mixture 

Number of antibody- 
forming cells in spleen 
of recipient mice* 

33 
(16--68) 

n=5  
1 012 

(690~ t 483) 
n~6 

16 520 
(13 270--20 560) 

n=6 

I 
800 I 0,94 

I 
200 0,94 

Control 

<0,001 

<0,OOl 

800 0,98 26 
(16-41) 
n=5 <0,001 

2 200 0.98 646 
(367-- 1 135) 

n=6 <0.001 
Control -- 10 190 

(5 902-- 17 580) 
n=5 

*Geometrlc  mean values and (in parentheses)  confidence intervals 
at  P-< 0.05. 

the equal alkylating activity,  the s e r u m  of mice receiving CP in a dose of 800 mg/kg had a much s t ronger  
immunodepres sive action. 

These resu l t s ,  together  with those published previously  [5], lead to the following conclusion. It was 
shown previously  [5] that the ra te  of oxidative hydroxylation of CP by the liver mic rosomes  of BALB/c mice 
is a lmos t  4 t imes g rea t e r  than in CBA and DBA/2 mice. This finding is confirmed by the resul ts  of the 
p resen t  investigation showing that BALB/c mice have the highest s e rum alkylating activity during the f i r s t  few 
hours af ter  adminis t ra t ion  of CP. Nevertheless ,  it was the DBA/2 mice which had the g rea tes t  sensit ivity to 
the immunodepress ive  action of CP [5], and at the same  t ime,  their s e rum had the highest immunodepress ive 
activity. The resul ts  of the presen t  experiments  thus point to d i rec t  dependence of the immunodepress ive  
effect  of CP on the level of its act ive  metaboli tes with immunodepress ive  activity in the blood serum.  At the 
same t ime, the p resen t  experiments  showed that there is no paral le l  between the alkylating activity of CP 
metabolites and their  act ion on immunocompetent  cells.  This fact is to some degree paradoxical ,  for it is the 
alkylating p rocess  that is considered to be responsible  for the cytotoxic action of alkylating agents [8, 10]. The 
mos t  likely explanation is that the immunodepress ive  action is due to other,  weakly alkylating CP metabolites 
[12], the accumulat ion of which in the body obeys a different kinetics and depends both on the dose of CP given 
and on the genotype of the animals .  

In this connection it is interest ing to note that in a study of the mutagenic activi ty of the blood se rum of 
mice receiving high doses of CP [7] its alkylating activity was vir tually unchanged despite an increase  in the 
dose of CP f rom 400 to 1000 mg/kg, whereas  the cytogenetic effect increased direct ly  proport ional ly to the dose 
of CP given. The identification of these metabolites and the study of their pharmacodynamics  in animals of 
different genotypes will be the subject  of future r e sea rch .  

The author is grateful  to the following members  of the staff of the Insti tute of Medical Genetics,  Acad-  
emy of  Medical Sciences of the USSR: to I. A. Savel 'eva for expert  technical help, and to N. V. Korchagin,  N. 
V. Sokolov, P. S. Gromov,  and V. V. Rupasov for their in teres t  in the work and for taking par t  in its discussion.  
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M E C H A N I S M S  O F  H Y P O R E A C T I V I T Y  IN M I C E  

A F T E R  I N J E C T I O N  O F  L Y S E D  E R Y T H R O C Y T E  A N T I G E N  

T.  V.  A n f a l o v a  a n d  L .  A.  P e v n i t s k i i  UDC 612.017.1-06 

A s ta te  of  specif ic  hyporeac t iv i ty  to sheep ' s  red  cel ls  (SRBC) was induced in mice  by injection 
of hemolyzed SRBC. Blocking s e r u m  fac tor  in these  mice  was shown not to be ident ical  in the 
c h a r a c t e r  of its act ion with an t i r ed -ce l l  ant ibodies ,  but to be  probably  an an t igen -an t ibody  
complex.  Af te r  combined inject ion of hemolyzed SRBC and cyclophosphamide (CP) into mice  
product ion of blocking s e r u m  fac tor  was suppres sed  but the reac t iv i ty  of the mice  to SRBC 
was cons iderab ly  reduced.  It  is suggested that in this ca se  inact ivat ion of the i m m u n o c o m -  
petent  cel ls  took place  through the combined act ion of CP and SRBC antigen in a nonimmuno-  
genic form.  

KEY WORDS: antigen of hemolyzed red  ce l l s ;  s e r u m  blocking fac tor ;  cyelophosphamide;  
suppres s ion  of immune response .  

Hemolyzed sheep ' s  red  cel ls  (SRBC) obtained by t rea t ing  SRBC with dist i l led water ,  followed by u l t r a -  
centr i fugat ion,  if injected into mice ,  induce a s ta te  of hyporeac t iv i ty  to SRBC [1, 2]. In our own exper iments  [1], 
unlike those of Auerbach et  al.  [3, 4], the blood s e r u m  of mice  t r ea ted  with hemolysa te  p o s s e s s e d  blocking 
act ivi ty ,  which d i sappeared  a f t e r  absorp t ion  with nat ive SRBC. 

The objec t  of this invest igat ion was to study the fac tors  de te rmin ing  the s ta te  of reduced reac t iv i ty  
a r i s ing  as a r e s u l t  of injection of hemolyzed SRBC into mice .  

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

The method of obtaining the hemolyzed SRBC was descr ibed  prev ious ly  [1]. Male CBA, (CBA• . . . . . .  
C57BL/6)F1, and (DBA/2 xC57BL/6)F 1 mice  weighing 20-26 g were  obtained f r o m  the "Stolbovaya ~ nu r se ry ,  
Academy of Medical  Sciences of the USSR. SRBC hemolysa te  was injected e i ther  in a dose of 0.5 ml  daily on 5 
succes s ive  days or as  a single dose 2.5 ml  in t raper i tonea l ly  (both methods were  equally effective).  

The r eac t iv i ty  of  the an imals  was de te rmined  f r o m  the number  of  19S-ant ibody-forming cel ls  (AFC) in 
the spleen on the 5th day a f t e r  in t r ape r i tonea l  injection of 2 x 108 SRBC (the method of local  hemolys i s  in 
aga r  [7]). 

An t i r ed -ce l l  s e r a  we re  p r epa red  f r o m  the blood of mice  immunized  singly or repea ted ly  with SRBC. The 
s e r a  were  inact ivated at  56~ for  30 rain and were  kept a t  -20~ before  use.  

The r e su l t s  were  subjected to s t a t i s t i ca l  ana lys is  by Student 's  t - t e s t .  

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

The SRBC hemolysa te  had v e r y  low immunogenic i ty  and, consequently,  i t  induced only weak product ion of 
19S-AFC (in these  expe r imen t s  on ave rage  200 AFC per  spleen,  i .e . ,  only 2 or  3 t imes  m o r e  than the 
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