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Exper imen t s  c a r r i e d  out on mice  to study the immunodepres s ive  act ion of ce r t a in  an t imetabol i t es  of 
nuclear  m e t a b o l i s m  (6-thioguanine, imuran,  compound KI-43) and alkylat ing agents (cyclophosphane,  dipin, 
chlorambuci l )  have shown that cyclophosphane is the m o s t  act ive  immunodepressan t .  It sharp ly  d e p r e s s e s  
the p r i m a r y  and secondary  r e s pons e  of antibody fo rmat ion  to sheep ' s  e ry th rocy tes ,  and has a l e s s  m a r k e d  
effect  on the fo rmat ion  of immunologic  m e m o r y  to this antigen. The s ta te  of dec rea sed  immunologic  r e a c -  
tiviW af te r  inject ion of cyclophosphane pe r s i s t s  for  2-6 weeks (depending on the injected dose), although in 
the act ive fo rm the compound is p r e sen t  in the body for  not m o r e  than 3 h a f te r  its injection. 

The s ea r ch  for methods  of suppress ing  immunologic r eac t iv i ty  of the body is an urgent  task  at the 
p re sen t  t ime  in connection with the t ransplanta t ion  of organs  and t i s sues  and the t r e a t m e n t  of' au to immune  
d i seases .  One such method is to use a r t i f i c i a l ly  synthes ized subs tances  possess ing  immunodep re s s iv e  ac -  
tion. In r ecen t  y e a r s  many  such immunodepre s san t s  have been studied, the mos t  act ive  of which have been 
found to be ce r t a in  an t imetabol i tes  and alkylating agents  [7, 14]. 

An impor tan t  s tage in the invest igat ion of these  immunodepres san t s  is the de te rmina t ion  of the c o m -  
para t ive  e f fec t iveness  of thei r  action on antibody format ion.  Bes ides  its p rac t i ca l  in teres t ,  this p rob lem 
is also theore t ica l ly  impor tant ,  because  the use of agents which differ  in their  chemica l  s t ruc tu re  and c h a r -  
ac t e r  of act ion on the immune r e s p o n s e  can yield additional informat ion  concerning the p r o c e s s  of antibody 
fo rma t ion  i tself .  A no l e s s  impor tant  m a t t e r  is the study of the action of immunodepres san t s  on var ious  
f o r m s  of immune  r e s p o n s e  (p r i m a ry  and secondary  r e sponse ,  the fo rmat ion  of immunologic memory ) .  

The object  of this invest igat ion was to compa re  the immunodepres s ive  action of var ious  subs tances  
belonging to two c l a s s e s  of compounds: analogs of the nucleic acid bases  and alkylating agents .  As well  as 
the be t t e r  known immunodepres san t s  [6-thioguanine, imuran,  cyclophosphane (cyclophosphamide)] ,  o ther  
subs tances  were  used, whose effect  on immunogenes is  has r ece ived  li t t le study (compound ICI-43, dipin* 
chlorambuci l ) .  

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

Adult noninbred albino mice  and CC57BR mice  of both sexes  were  used in the exper iments ,  Sheep 's  
e ry th rocy te s  we re  used for  immunizat ion as a single intravenous injection in a dose of 500 mil l ion,  and as 
two inject ions,  each of I mil l ion,  to invest igate  the secondary  immune response .  The number  of ant ibody- 

* Te t r ae thy l ene im i do -p i pe r az i ne -N ,N ' -d i phospho r i c  acid. 
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Fig. 1. Effect of some antimetabolites of nuclear metabolism 
(A) and alkylating agents (B) on the pr imary immune response. 
1) Level of antibody-forming cells in control unimmunized 
mice; 2) in control immunized mice; 3) 6-thioguanine; 4) KI-43; 
5) imuran (440 mg/kg); 6) cyclophosphane; 7) dipin. Abscissa, 
days of injection of immunodepressants relative to day of im- 
munization (day 0); ordinate: number of antibody-forming 
cells in spleen. 

forming cells in the spleen was formed on the 4th day after immunization by means of the reaction of local 
hemolysis in gel [2, 12]. 

Analogs of the nucleic acid bases (6-thioguanine, imuran, compound KI-43) and alkylating agents (cyclo- 
phosphane, dipin, chlorambucil) were injected intramuscularly in the maximal tolerated doses: 6-thiogua- 
nine-12 mg/kg, imuran-110 mg/kg, KI-43-40 mg/kg, dipin-100 mg/kg, and chlorambucil-15 mg/kg body 
weight. The exception was cyclophosphane, the dose of which in most experiments was about half the maxi- 
mal tolerated dose (200 mg/kg)o Imuran was also used in a lethal dose (440 mg/kg)o Immunodepressants 
were injected at different times relative to the day of injection of the antigen. 

The resul ts  obtained were analyzed by statistical methods (calculation of the geometric mean and con- 
fidence intervals at P< 0.05). 

EXPERIMENTAL RESULTS 

In the experiments of series I, conducted on 240 mice, the effect of immunodepressants was studied on 
the primary immune response to injection of 500 million sheep's erythroeytes. The compounds were injec- 
ted in a single dose 3, 2, and 1 day before immunization (days -3, -2, and -I, respectively), on the day of 
injection of the antigen (day 0), and I, 2, and 3 days after immunization (days+ i, +2, and +3). The experi- 
mental results are summarized in Fig. I, showing that all analogs of the nucleic acid bases used were maxi- 
mally effective when injected after immunization (6-thioguanine on days + 1 and + 2, compound KI-43 and 
imuran in a dose of 440 mg/kg on day + 1). The number of antibody-producing cells in the spleen was re- 
duced by 2-3 orders compared with the control. Imuran, if used in the maximal tolerated dose, was inef- 
fective, and only in a lethal dose did it have a marked immunodepressive effect on the animals surviving 

for 5 days. 

Alkylating agents differed in their activity. Chlorambucil had a slight immunodepressive action. 
Dipin and cyclophosphane, on the other hand, depressed the immune response extremely strongly. In con- 
trast to the analogs of the nucleic acid bases, both these agents gave a marked depressive effect when injec- 
ted before immunization. However, whereas the best results were obtained by injection of dipin at day -1 
or 0, cyclophosphane gave its strongest action when given at days 0, + I, and + 2. In this way the character 
of the action of cyclophosphane on the immune response bore some resemblance to that of the nuclear anti- 
metabolites, although the effect of cyclophosphane was much stronger (Fig. 1). 

Because of these features characterizing the effect of cyclophosphane on the immune response, this 

compound was investigated in more detail. 

In the next series of experiments, conducted on 40 mice, the action of cyclophosphane on the forma- 
tion of the immunologic memory to sheepts erythrocytes and on the response to a second injection of the 
antigen was studied. The mice were injected intravenously with sheepts erythrocytes twice in doses of 1 
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Fig. 2. Fig. 3. 

Fig. 2. Effect of cyclophosphane on formation and realization of immunologic 
memory. I) Single injection of antigen; 2) two injections of antigen; 3) injec- 
tion of cyclophosphane together with first injection of antigen; 4) injection of 
cyclophosphane together with second injection of antigen. Ordinate: number 
of antibody-forming cells in spleen. 

Fig. 3. Immune response of spleen cells transplanted into mice receiving 
cyclophosphane. Abscissa, time of transplantation of cells (in h) relative 
to time of injection of cyclophosphane (arrow); ordinate, number of antibody- 
forming cells (in percent of control). 

million each time, at an interval of 8-30 weeks. Cyclophosphane was given in a dose of 400 mg/kg  (200 rag/  
kg on two success ive  days). The compound was injected with either the f i rs t  or the second injection of 
antigen (day -1 and 0). The resul t s  a re  shown in Fig. 2. 

Although adminis t rat ion of cyclophosphane to the animals during sensi t izat ion reduced the number  of 
ant ibody-forming cells after  the secondary  antigenic st imulus,  the response  r e sembles  in cha rac t e r  the 
response  of typical revaccinat ion.  However, injection of cyclophosphane together with the second injection 
of e ry throcy tes  led to sharp inhibition of the immune response  s imi lar  to inhibition of the p r i m a r y  response  
to 500 mill ion ery throcytes .  Half the dose of cyclophosphane (200 mg/kg) ,  when given on d a y s - 1 ( t h e s e  r e -  
sults a re  not shown in Fig. 2), also effectively inhibited the secondary  response  (76 ant ibody-forming cells  
per spleen in a dose of 400 mg/kg,  102 cells with a dose of 200 mg/kg,  and about 100,000 cells per spleen 
in the control).  

These  resu l t s  demonstra te  that the format ion of the immunologic m e m o r y  is m o r e  res i s tan t  to the 
action of cyclophosphane than the process  of antibody formation. 

It was interesting to discover  how long the state of lowered immunologic react iv i ty  pers i s t s  af ter  in- 
jection of cyclophosphane. The compound was injected into mice  in doses of 200 and 400 (200 x 2) mg/kg,  
followed after  different intervals  by intravenous injection of 500 mill ion sheep 's  e ry throcytes ,  and the num- 
ber  of ant ibody-forming cells in the spleen was determined 4 days later .  F rom 8 to 20 animals were taken 
at each time, and in some cases  as many as 50 mice  (altogether about 300 animals were used). 

The resul t s  of these experiments showed that after  injection of cyclophosphane in a dose of 200 mg/kg,  
the immunologic react iv i ty  of the animals was largely  r e s t o r e d  within 7 days, although even after  two weeks 
it was lower than normal ly  by a s tat is t ical ly significant degree (3rd day 1.1%, 7th day 23.4qc, 14th day 43~c 
of the control level). Complete r e c o v e r y  did not occur  until after  3 weeks. When cyclophosphane was given 
in a dose of 400 mg/kg,  its depress ive  effect was more  marked  still: even after  1.5 months the level of the 
immunologic response  was only 26.7% of the control. 

In connection with these resul ts ,  the length of t ime during which cyclophosphane remains  in the body 
in an active form has to be considered.  To solve this problem, intact mice  were injected intravenously 
with the compound in a dose of 200 mg/kg,  after  various t ime intervals,  spleen cells f rom sensi t ized syn-  
genic mice  (100 million nucleated cells per mouse) were injected intravenously along with 1 mil l ion sheepts 
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e ry th rocy tes .  On the 5th day a f te r  injection the number  of hemolys in-producing  cel ls  in the spleen of the 
rec ip ien t  mice  was invest igated.  

Cyclophosphane effect ively dep re s sed  the immune r e sponse  of the t ransplan ted  cells  (Fig. 3) if it was 
injected 3 h a f te r  or  s imul taneous ly  with t ransplantat ion.  Converse ly ,  the spleen cel ls  of sens i t ized donor 
m i c e  gave a no rma l  immune r e s pons e  in the r e c i p i e n t ' s  body if they were  t ransplan ted  1 or  3 h a f te r  in jec-  
tion of cyclophosphane.  These  r e su l t s  show that  by 1 h a f te r  injection, cyclophosphane or  i ts  act ive  m e t a -  
bolic products  [1, 4, 9] a r e  no longer  capable  of acting on the cel ls  t ransplan ted  at this t ime.  Other  worke r s  
[8] have obtained s i m i l a r  r e su l t s .  

The following conclusion can be drawn f rom these  exper iments .  To begin with, the ve ry  different  ef-  
fects  of the immunodepres san t  invest igated mus t  be noted. Cyclophosphane was m o s t  effective,  even when 
used in a r e l a t ive ly  s m a l l e r  dose than the other  compounds.  A specia l  f ea tu re  of cyclophosphane is that it 
has an immunode p re s s i ve  act ion both be fo re  and a f te r  immuniza t ion  (see  also [6, 14]), but it  is m o s t  act ive  
in the l a t t e r  case .  

The r e su l t s  obtained conflict  with the views [5, 15~ 17] that  a specia l  phase of the immune r e spo n se  
exis ts  which is m o s t  sens i t ive  to all  manne r  of different  immunodep re s s ive  agents.  As Fig. 1 shows, the 
nuclear  an t imetabol i tes  and dipin se lec t ive ly  at tack different  phases  of the immune r e sponse .  The effect  of 
cyclophosphane on the immune r e s p o n s e  differs  in this sense  f rom that of dipin and of i r r ad ia t ion  [5, 18], 
although cyclophosphane is usual ly  c l a s s ed  among the r a d i o m i m e t i c  agents  [7]. 

It m a y  be cons idered  that  the obse rved  d i f ferences  a r e  connected with the mode  of act ion of different  
p repara t ions  on immunocompeten t  cel ls .  Nuclear  ant imetabol i tes ,  for  example ,  a r e  mos t  effect ive in that 
s tage of immunogenes i s  during which intensive p ro l i fe ra t ion  of an t ibody-forming  cel ls  and the i r  p r e c u r s o r s  
is observed;  in the per iod when the cel ls  do not synthes ize  DNA and RNA, the i r  action is only slight. Con- 
ve r se ly ,  dipin ac ts  on the cel ls  also in the per iod preced ing  the i r  pro l i fe ra t ion ,  thus explaining its high ef-  
f ec t iveness  when injected on days  -1  and 0. The  spec ia l  posi t ion of cyclophosphane may  be due to i ts  in- 
c r e a s e d  act ivi ty  r e l a t ive  to p ro l i fe ra t ing  cel ls .  This  suggest ion is conf i rmed by data in the l i t e r a tu re  [10, 
13]. The fo rmat ion  of immunologic  m e m o r y ,  in which the ro le  of p ro l i f e ra t ive  p r o c e s s e s  is not so evident ,  
is also affected by cyclophosphane to a l e s s e r  degree .  S imi lar  r e su l t s  were  obtained prev ious ly  during the 
invest igat ion of 6-thioguanine [3]. These  r e s u l t s  do not suppor t the  view that the phase  of p r i m a r y  contact  be-  
tween cel ls  and antigen is m o r e  sens i t ive  to va r ious  influences [11, 16]. 
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