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The importance of dose of antigen and time of administration of eyclophosphamide as conditions of 

formation of tolerance in adult animals was studied. It was shown that a state of tolerance can be prolonged 

by means of additional injections of antigen. Preliminary sensitization of the animals with a small dose of 
antigen prevented the formation of tolerance, 

After  admin i s t r a t ion  of eyclophosphamide,  adult animals  for  some  t ime par t i a l ly  or  total ly lose  the i r  
abil i ty to r eac t  to an antigen by antibody fo rma t ion  [ 3, 6, ] 4, 19, et at.] .  If inject ion of eyelophosphamide  is p r e -  
ceded by an antigen, the s ta te  of immunodepres s ion  l a s t s  longer  [4, 5] and becomes  speci f ic  in c h a r a c t e r  
[4, 9, 18]o The s ta te  thus a r i s ing  co r responds  to the bas ic  fea tures  of immunologic  to le rance  [4]. 

The object  of this invest igat ion was to study the conditions of fo rmat ion  and prolongat ion of to le rance  
induced by combined injections of antigen and eyclophosphamideo 

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

Exper imen t s  we re  c a r r i e d  out on adult male  CC57BR mice  and on noninbred albino mice .  Sheep 's  
e ry th rocy t e s  were  injected in va r ious  doses  (in mos t  expe r imen t s  6 x 109 cel ls ,  in t raper i toneal ly)  to 
p roduce  to le rance .  Cyctophosphamide was injected in t raper i tonea l Iy  a s  a single dose of 200 mg/kg ,  
as  a rule  42-48 h a f t e r  injection of the antigen. Control  an ima l s  rece ived  e i ther  antigen alone or 
cyclophosphamide alone, or  r ema ined  untreated.  After  var ious  in terva ls  (in mos t  expe r imen t s ,  7 days) all  
an imals  (including the controls)  r ece ived  an intravenous injection of a t es t  dose o~ antigen (5 x 108 e r y t h r o -  
cytes) ,  and 4 days l a t e r  the number  of an t ibody-forming  cells in the spleen was de te rmined  by the method 
of local hemolys i s  in gel [2, 13]. The r e su l t s  obtained were  t r ea t ed  by s ta t i s t ica l  methods .  

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

To begin with, the impor tance  of dose of antigen and mode of i ts  admin is t ra t ion  for  the fo rmat ion  of 
to le rance  was invest igated.  Two days before  the injection of cyclophosphamide,  the expe r imen ta l  mice  
were  injected in t ravenous ly  or  in t raper i tonea l ly  with different  doses of e ry th rocy t e s  (5 • 107, 5 x 108, or 
4x  ]09). A tes t  dose of antigen was injected 7 days a f t e r  the inject ion of cyclophosphamide.  

It is c l ea r  f rom Fig.  1 that to le rance  was fo rmed  only if the inject ion of cyelophosphamide was p r e -  
ceded by inject ion of the highest  dose of antigen (4 x 109 e ry th rocy tes ) .  When s m a l l e r  doses  were  given, the 
immunologic  reac t iv i ty  of the an imals  was e i ther  identical with that of an imals  rece iv ing  cyclophosphamide  
alone, or  actual ly  exceeded it. Evidently,  with the in t raper i tonea l  method of injection of antigen, the con-  
ditions a r e  more  favorable  for  development  of to le rance  than if the intravenous method is used,  but the 
avai lable  exper imen ta l  evidence is insufficient  for  a final solution of this p rob l em.  
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Fig. 1 Fig. 2 

Fig. 1. Importance of dose of antigen and mode of i ts  adminis t ra t ion for  induction of t o l e r -  
ance. Ordinate, number  of ant ibody-forming cells in spleen 4 days af ter  tes t  injection of 
antigen (5 x 108 sheep 's  e ry throcytes ) ;  abscissa ,  dose of antigen injected 2 days before  
cyclophosphamide; 1) mice  receiving injection of antigen in t raper i toneal ly  + cyclophos-  
phamide; 2) mice rece iv ing  injection of antigen intravenously + eyelophosphamide; 3) mice 
receiving cyclophosphamide only; 4) control .  Tes t  injection of antigen given 7 days af ter  
injection of cyelophosphamide.  

Fig. 2. Relationship between development  of to lerance and t imes of injection of cyc lo -  
phosphamide. Ordinate,  number  of ant ibody-forming cells  in spleen a f te r  t e s t  injection of 
antigen, given 7 days af te r  inject ion of cyclophosphamide (in percen t  of control);  abscissa ,  
days of injection of cyclophosphamide before  (-) or  a f te r  (+) to lerance- inducing injection 
of antigen; 1) mice receiving combined injections of antigen and cyclophosphamide; 2) mice 
receiving p re l imina ry  injections e i the r  of antigen only or  of cyclophosphamide only; 3) 
control  (intact mice receiving tes t  injection of antigen). 

In the next se r i e s  of exper iments  the ro le  of pe rs i s t ence  of antigen in the maintenance of to lerance  
was studied. The exper imental  mice were  injected in t raper i toneal ly  with 6 x ] 09 sheep 's  e ry th rocy tes ,  
followed 2 days l a t e r  by cyclophosphamide.  Some of them rece ived  additional injections of antigen in the 
same dose twice (on the 7th and 14th days af ter  the f i r s t  injection). On the 23rd day af te r  the beginning of 
the exper iment ,  when under  normal  conditions to lerance  is par t ly  lost  [4], all the animals (including the 
controls)  r ece ived  the additional injections of antigen, but this t ime to lerance  was considerably reduced.  

In the exper iments  of se r i e s  III the optimal t imes between injections of antigen and eyelophosphamide 
were  determined.  The mice (197) rece ived  cyclophosphamide e i ther  before  injection of the antigen (24, 12, 
or  3 h) or  a f te r  injection (3 h, 1, 2, or 3 days).  The antigen was injected in t raper i toneal ly  in a dose of 
6 • 109 e ry th rocy te s .  On the 7th day a f te r  injection of cyclophosphamide all the animals were  injected with 
a t e s t  dose  of antigen. 

Tole rance  was most  marked  if cyclophosphamide was injected 2 days af te r  the antigen (Fig. 2). The 
c lose r  the injections of e ry th rocy tes  and cyclophosphamide, the less  the to lerance- inducing effect ,  although 
it  was manifes ted even ff both injections were  given on the same day (3 h before  or  3 h a f te r  injection of 
antigen). If the in tervals  between injections exceeded 2 days, this effect  disappeared~ and was somet imes  
rep laced  by the opposite s ta te  - inc reased  immunologic reac t iv i ty  toward the par t icu la r  antigen (4 days 
a f t e r  injection of antigen). 

In the exper iments  of s e r i e s  IV the possibil i ty of producing to le rance  in animals previously  sensi t ized 
with this pa r t i cu la r  antigen was studied. Mice (42) were  injected intravenously with 1• 106 sheep 's  e r y t h r o -  
eytes .  These  animals,  and also a group of intact animals,  were  injected in t raper i toneal ly  7-16 days la te r  
with 6 • ]0 ~ sheep 's  e ry th rocy tes ,  af ter  42-48 h with cyetophosphamide, and again af te r  7 days with a tes t  
dose of antigen. 
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TABLE I. 

of Antigen 
i 

Prolongat ion of State of Pa r t i a l  Immunologic  To le rance  by Repeated  Inject ions 

T r e a t m e n t  of an imals  
be fo re  t es t  injection 
of antigen* 

Antigen + cyc lophos-  
phamide + additional 
i~jections of antigen 

Antigen + cyc lophos -  
phamide 

Cyclophosphamide . . 
Control . . . . . . . . .  

Number  
of mice  

17 

14 

11 
9 

Distr ibut ion of mice  
accord ing  to number  
of an t ibody- forming  
cells  in spleen 

<]0  3 103_104 >]04 

6 5 6 

- 7 7 

- 11 

- 9 

Mean number  
of ant ibody-  
fo rming  cells  
in spleen (• ) 

4 
20 

99 
203 

Confidence 

interval 
(• ]03) 

I - -  15 
6 - -62  

75 - 131 

150- 274 

.P 

< 0.05 

< 0.003 
< 0.002 

*Explanation in text. 
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Fig.  3. Res i s t ance  of sens i t ized  an imals  to in-  
duction of immunologic  to le rance .  Ordinate,  
number  of an t ibody-forming  cel ls  in spleen 4 
days a f t e r  t e s t  inject ion of antigen; 1) s e n s i -  
t ized mice  rece iv ing  to le rance- induc ing  in-  
ject ion of antigen + cyclophosphamide;  2) in -  
tac t  mice  rece iv ing  to le rance- induc ing  in -  
ject ion of antigen + cyclophosphamide;  3) 
mice  rece iv ing  cyclophosphamide;  4) control .  

the antigen [3]. La te r ,  in the s ta te  of comple ted  
a f t e r  inject ion of antigen), cyclophosphamide was 

As Fig.  3 shows, only the mice  of the second 
group developed to le rance .  In the mice  of group 1 
(pre l iminar i ly  sens i t i zed  with a smal l  dose of antigen) 
no to le rance  developed under  ident ical  condit ions.  On 
the con t ra ry ,  the i r  immunologic  reac t iv i ty  was actual ly  
higher  than that of the mice  of group 3, rece iv ing  cyc le -  
phosphamide alone.  

During the analys is  of these  r e su l t s  i t  mus t  f i r s t  
be  r e m e m b e r e d  that  the opt imal  s i tuat ion for  to le rance  
fo rmat ion  is that in which the immunologic  d e p r e s s a n t s  
act  when the p roces s  of immuniza t ion  has just  begun. 
The pr incipal  object  agains t  which the action of cyc lo -  
phosphamide or  its me tabo l ic  products  [1, 7] is d i rec ted  
is then,evidently,  not the initial  phase  of the immune 
r e sponse  (seizure of the antigen by mac rophages  and 
the i r  in te rac t ion  with lymphoeytes) ,  as is a s s u m e d  in 
the case  of admin i s t r a t ion  of some  other  i m m u n o d e p r e s -  
sants  [11, ]5, 17], but i ts  l a t e r  phase  - the phase  of 
p ro l i fe ra t ion  of an t ibody-forming  cells and the i r  p r e -  
c u r s o r s .  The product ive phase  of the immune  r e sponse  
of mice  to sheep ' s  e ry th rocy te s  is known [2, 20] to 
begin during the f i r s t  1-2 days,  and it is at  this  s tage 
that  the injection of eyclophosphamide produced the 
m o s t  m a r k e d  to le rance  (Fig. 2). It should be noted 
that the immunodepres san t  action of cyelophosphamide 
was also mos t  ma rked  when the compound was injected 
on the day of immunizat ion  or 2 days a f t e r  inject ion of 
different iat ion of an t ibody-forming  cells (3-4 days 
ineffect ive.  

Hence, as a result of the successive action of antigen and cyclophosphamide on the population of 
lymphoid ceils, a selective elimination of cell clones involved in the immune response may be considered 

to take place. From this point of view it is easy to understand the need for giving large doses of antigen, 
sufficient to ensure involvement not only of regional, but also of distant lymphoid organs in the immune 
r e s p o n s e .  
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Special experiments undertaken by the wri ters  in fact showed that after intraperitoneal injection of 
6 • 109 sheep's  erythrocytes  into mice, a large number of antibody-forming cells is found not only in the 
spleen, but also in distant (cervical) lymph glands. After injection of smal le r  doses of antigen, antibody 
formation was absent in the distant lymph glands. 

It may also be considered that when large doses of antigen are used, the antigen pers i s t s  longer in 
the body, thus enabling complete blocking of the immune response by cyclophosphamide. Under these c i r -  
cumstances a situation may ar ise  which is s imi lar  to the conditions of tolerance formation in the immuno- 
logically immature  organism: contact between the pers is tent  antigen and the newly formed immature  
immunocompetent cells.  Support for this view is given by the facts described above, namely, that tolerance 
induced by successive injections of antigen and cyclophosphamide can be prolonged by additional injections 
of antigen. Similar facts are known in relation to tolerance formed during the period of immunologic 
immatur i ty  [12, 16]. 

Resistance of sensitized mice to the induction of immunologic tolerance discovered by these exper i -  
ments suggests that this form of tolerance differs from the phenomenon of overloading, which can be induced 
in prel iminari ly immunized animals [8, 10]. 
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