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Exper imen t s  on mice  showed that  ant i lymphocytic  s e rum f rom rabbi t s  and ho r se s  and also 
ho r se  ant i lymphocytic  globulin suppress  the p r i m a r y  immune r e sponse  to sheep ' s  e r y t h r o -  
cytes ,  but immunological  to le rance  to this antigen does not a r i se .  I f  admin i s t e red  together  
with cyclophosphamide,  which in combination with sheep ' s  e ry th rocy te s  induces a s ta te  of 
immunological  to lerance  to them, these  p repa ra t ions  not only do not faci l i ta te  the format ion  
of to lerance ,  but on the cont ra ry ,  they prevent  its development.  The poss ib le  m e c h a n i s m s  
of this phenomenon a r e  discussed.  

One way by which immunodepres s ive  therapy  can be made  m o r e  effect ive is by using a combinat ion of 
different  immunodepressan t s ,  For example ,  it has  been shown that the combined adminis t ra t ion  of one of 
the mos t  widely used immunodepressan t s ,  antil~rmphocytic s e rum (ALS), with ce r ta in  chemica l  compounds 
and, in pa r t i cu la r ,  with cyclophosphamide (CP) leads to a m o r e  m a r k e d  immunodepres s ive  effect,  and this 
combinat ion has  been used to produce immunological  to le rance  to t ransplanta t ion  antigens [14, 15]. 

P rev ious  invest igat ions have shown that CP can be used to produce  to le rance  to sheep ' s  e ry th rocy te s  
in adult animals  [5, 7, 11]. 

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

Exper iments  we re  c a r r i e d  out on adult noninbred albino mice  and mice  of line A/He.  Th ree  p r e p -  
a ra t ions  of ALS and anti lylnphocytic globulin (ALG) were  used: rabb i t  ALS, ho r se  ALS, and h o r s e  ALG,* 
which were  obtained f rom animals  immunized  with lymph gland and thymus cel ls  f rom mice .  All p r e p -  
a ra t ions  were  absorbed  by mouse  e ry th rocy te s  and blood p lasma ,  and the t i t e r  of hemagglut inins  in the 
reac t ion  with mouse  e ry th rocy t e s  af ter  absorpt ion  was below 1 : 10. The t i t e r  of rabbi t  ALS i n t h e  lymph-  
agglutination t e s t  was f rom 1 : 256 to 1 : 512, and the t i te r  of ho r se  ALG was 1 : 1280. The total dose of ALS 
(ALG) r ece ived  by the mice  af ter  two in t raper i toneal  injections was 0.4-0.6 ml  per  animal.  

The immunodepress ive  act ivi ty  of ALS and ALG was de te rmined  by the degree  of suppress ion  of the 
p r i m a r y  immune r e sponse  a f t e r  in t raper i toneal  immunizat ion of mice  with 6 x 109 sheep ' s  e ry th rocy t e s  (the 
p repa ra t ions  were  injected 2 days before  and on the same  day as immunizat ion,  and the number  of ant ibody-  
forming  ce i l s  in the spleen was invest igated by the method of J e rne  and Nordin [12] on the 5th day af ter  
immunizat ion) .  

*The authors  a r e  gra te fu l  to N. A. Krask ina  for providing the p repa ra t ions  of ho r se  ALS and ALG. 
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Tole rance  to sheep ' s  e ry th rocy te s  was obtained by the scheme desc r ibed  p rev ious ly  [5]: I n t r a p e r i -  
toneal  injection of 6 x 109 sheep ' s  e ry th rocy t e s ,  followed 42-46 h l a te r  by in t raper i tonea l  injection of 200 
m g / k g  CP. The s ta te  of to le rance  was  tes ted  2 weeks la te r  by intravenous injection of 5 • 108 sheep ' s  e r y t h -  
rocy tes ,  and on the 4th day af ter  the t es t  injection the number  of an t ibody-forming ce i l s  in the mouse  
spleen was  counted, 

In the expe r imen t s  to study the effect  of ALS and ALG on induction of to le rance ,  the an imals  were  
injected with ant i lymphocytic  p r epa ra t i ons  in the above doses  2 days before  and on the s a m e  day as injection 
of 6 x 109 sheep ' s  e r y t h r o c y t e s  and subsequent  injection of CP, and t es t s  were  c a r r i e d  out 2 weeks la ter .  
Animals  of the control  groups  r ece ived  e i ther  ALG (ALS) or CP or ALS (ALG) + CP without any c o r r e s p o n d -  
ing injection of the antigen. Jus t  as  in the exper imen ta l  groups,  the t es t  injection was given 2 weeks a f t e r  
admin is t ra t ion  of the immunodepressantso  

The numer ica l  r e s u l t s  were  analyzed by s ta t i s t ica l  methods (calculat ion of the geomet r i c  mean,  con-  
fidence in te rva ls ,  and P). 

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

The expe r imen t s  of s e r i e s  I showed that  all the ALS and ALG prepa ra t ions  invest igated supp re s sed  to 
some extent the p r i m a r y  immune r e s p o n s e  of mice  to sheep ' s  e ry th rocy tes :  the mean  number  of ant ibody-  
fo rming  ce l l s  in the exper imen ta l  an imals  was 8770 and in the con t ro l s  47,970 (P = 0.009; aggrega ted  r e su l t s  
of th ree  exper iments ) .  However ,  a s ta te  of immunological  to le rance  did not a r i s e  under these c i r c u m s t a n -  
ces :  all the exper imenta l  an imals  r e ac t ed  to subsequent  injection of sheep ' s  e ry th rocy te s  by a normal  
immune response ,  the intensi ty of which was  ac tual ly  higher  than in the control  an imals  not rece iv ing  ALS 
(ALG) (Fig. i). 

The results indicate that under these conditions ALS (ALG), in combination with antigen, cannot induce 
tolerance to sheep's erythrocytes in mice. 

The results of the experiments of series I, in which the effect of ALS (ALG) on induction of tolerance 
to sheep's erythrocytes was investigated with the aid of CP, are given in Fig. 2. They show that animals 
receiving 6 • 109 sheep's erythrocytes and CP developed a state of immunological tolerance: their reaction 
to a test injection of sheep's erythrocytes was significantly less in intensity (P < 0.001) than that of control 

animals of all groups. Injection of either ALS or CP caused suppression of the reaction to sheep's erythro- 

cytes by 50-67% compared with normal immunized mice. Combined administration of ALS and CP gave a 
summat ion  effect: the number  of an t ibody-forming  ce l l s  was reduced  by 6-7 t imes  compa red  with the 
control .  However ,  admin is t ra t ion  of ALS (ALG) before  the t r ea tmen t  designed to induce to le rance  (6 x 109 
sheep ' s  e r y t h r o c y t e s +  CP) led not to a dec rease ,  but to an i nc r ea se  (P < 0.001) in the an ima l s '  r e spon se  to 
the t es t  injection of antigen c o m p a r e d  with to lerant  m i c e  t r ea t ed  with sheep ' s  e ry th rocy t e s  and CP but wi th-  
out ALS. 

The ant i lymphocyt ic  p r e p a r a t i o n s  (ALS and ALG) thus not only did not help to c r ea t e  immunological  
to le rance  to sheep ' s  e ry th rocy t e s  by means  of CP, but they had the opposite action. 

The fact  that by i t se l f  ALS cannot induce immunological  to le rance  when given with sheep ' s  e r y t h r o -  
cytes  can be explained on the bas is  of the w r i t e r s '  p revious  findings [6], which showed that only those agents  
which p o s s e s s  a m a x i m u m  of d e p r e s s i v e  action when injected in the initial phase  of  the immune r e sponse  
(the f i r s t  2 days a f t e r  injection of antigen) can be used to produce  immunological  to le rance  to sheep ' s  e r y t h -  
rocy tes .  ALS is not one of these  agents,  for  its immunodepres s ive  action is exhibited pa r t i cu l a r ly  s t rongly  
on admin is t ra t ion  before  antigenic s t imulat ion [1, 2, 9, 12]. In this r e spec t ,  the action of ALS is s i m i l a r  to 
that  of immunodepre s san t s  such as i r radia t ion,  phenylalanine mus ta rd ,  and t e t r ae thy lene imidop ipe raz ine -  
N,N ' -d iphosphor ic  acid, which a r e  unable to induce to le rance  to sheep ' s  e ry th rocy te s  if given before  i m m u -  
nization [6]. 

It  is m o r e  difficult to explain the paradoxica l  effect  of ALS in re la t ion  to the to le rance- inducing  action 
of CP. The following suggest ion s e e m s  mos t  probable .  As has a l ready  been said, ALS ac ts  main ly  on the 
" r e s t ing"  cell  population. CP, on the other  hand, is mos t  effect ive against  the population of lymphoid cei ls  
which is "ac t iva ted"  by the antigen. I t  has  also been shown that  the t a rge t s  of the immunodepres s ive  action 
of ALS a re  an t i reac t ive  ce l l s  (ARC) of thymus or igin  [8, 18[, which play an impor tan t  ro le  in the reac t ion  
of mice  to sheep ' s  e r y t h r o c y t e s  [10, 19]. It  is suggested that during induction of immunological  to le rance  
in mice  to sheep ' s  e ry th rocy t e s  by means  of CP, the t a rge t s  for the act ion of this agent a re  also ARC of 
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Fig. 1. Administrat ion of ALS in o rde r  to induce 
immunological to lerance  to sheep 's  e ry throcytes .  
Abscissa ,  p re l iminary  t rea tment  before tes t  in-  
ject ion of antigen: 1) ALS+ 6 x 109 sheep 's  e ry th -  
rocytes ;  2) ALS; 3) 6 x 109 sheep 's  e ry throcy tes ;  
4) no t rea tment  given before  test  injection; o r -  
dinate, he re  and in Fig. 2, number of antibody- 
forming cel ls  in spleen af te r  tes t  injection of 
5 x 106 sheep 's  e ry throcytes .  

Fig. 2. Combined administrat ion of ALS and CP 
to induce immunological to lerance to sheep 's  e ry th -  
rocytes .  Abscissa,  p re l iminary  t rea tment  be-  
fore  tes t  injection of 5 x 108 sheep 's  e ry throcytes :  
1) no p re l iminary  t rea tment  given; 2) CP; 3) ALS; 
4) ALS+ CP; 5) 6 x  109 sheep 's  e ry th rocy t e s+  CP; 
6) ALS+ 6x  109 sheep's  e r y t h r o c y t e s +  CP. 

thymus origin [17, 20]. Injection of a large dose of sheep 's  e ry th rocy tes  act ivates  these ceils ,  and CP in-  
jected in this phase of the immune response  select ively  el iminates  the ARC activated by the antigen, and 
this is one of the principal fac tors  in the establ ishment  of the state of specific immunological to lerance  [4, 
16]. 

Taking all these findings into considerat ion,  the following pic ture  can be proposed for the p roces se s  
taking place af ter  injection of ALS, sheep 's  e ry throcytes ,  and CP. The ALS which is injected f i r s t  in-  
act ivates  par t  of the ARC population, as a resu l t  of which these cei ls  do not r eac t  to the subsequent in-  
ject ion of e ry th rocy tes .  That  par t  of the ARC population which is in an "unactivated" state is less  exposed 
to the action of subsequently injected CP, just  as it is when this agent acts  on the " res t ing"  population of 
lymphoid cei ls  [3]. As a resul t ,  complete el imination of all ARC does not take place by the action of C1 ~ 
and that par t  of the ARC population which is inactivated by ALS remains  in the body. In the course  of t ime 
the reac t iv i ty  of these cel ls  (or of their  progeny) is res to red ,  and these animals then respond to the tes t  
injection of sheep 's  e ry th rocy tes  by the formation of a l a rge r  number of ant ibody-forming cei ls  than 
to lerant  mice  which have not received ALS. 

I r r e spec t ive  of the in terpreta t ion proposed above, the resu l t s  show that combined adminis t ra t ion of 
different  immunodepressants  does not always lead to an increase  in thei r  effect. This  effect  may  differ  in 
cha rac t e r  when at tempts a re  made to obtain ordinary  immunodepress ion  or immunological tolerance,  and 
it evidently depends on the p roper t i e s  of the immunodepressants  used and on the cha rac t e r  of the antigen. 
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