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The p r imary  and secondary immune response  was studied in mice in which tolerance was induced 
by injection of sheep ' s  e ry throcytes  and cyctophosphamide (CP). In the ear ly  stages (from 1 to 
8 weeks) af ter  induction the mice were immunized with sheep's  e ry throcytes  ei ther  in a single 
dose of 5 �9 108 cells or  in two doses each of 1 �9 106 cells.  Both methods of immunization gave equal 
resu l t s  in the control  animals.  In the experimental  animals the process  of formation and (or) 
real izat ion of immunological  memory  was impaired to a g rea te r  degree and recovered more 
slowly than ability to give a p r i m a r y  response.  
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As a resul t  of the combined adminis t ra t ion of sheep 's  e ry throeytes  and the immunodepressant  cyclophos-  
phamide (CP) to mice a state of par t ia l  immunological  tolerance a r i ses ,  and in the course  of time it d i s a p p e a r s  
spontaneously [4, 5, 10]. The dynamics of the loss of to lerance is usually judged by the react ion of the animals 
to a single injection of an optimal dose of antigen, but this gives only incomplete information about this process .  

The object of this investigation was to compare  two indices of recover ing  immunoreact ivi ty:  1) the 
capacity for the formation and rea l i za t ion  of immunological memory  and 2) ability to give a p r imary  immune 
response .  

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on (CBA x C57BL/6)F 1 mice weighing 20-22 g. Tolerance was induced by 
intraperi toneal  injection of 6.2 • 109 sheep 's  e ry throcytes  followed (after 45-48 h) by injection of CP in a dose 
of 200 mg/kg  [4]. At var ious  t imes  after  the induction of tolerance some of the experimental  and control  ani- 
mals (receiving either CP only or  nothing at all) 5 �9 108 sheep 's  e ry throcytes  were injected intravenously and 
4 days later  the number  of ant ibody-forming cel ls  (AFC) in the spleen was counted by Je rne ' s  method [11]. 
Another group of animals received an intravenous injection of 1 �9 106 sheep 's  e ry throcytes ;  7 days later the 
injection was repeated,  and after  a fur ther  4 days. the number of AFC in the spleen was counted. 

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

The immunoreact ivi ty  of the animals receiving CP only was almost  completely res tored  as early as after  
2 weeks The resul ts  of the investigation of the control  animals at all t imes (1-8 weeks after  injection of CP) 
a re  the re fo re  pooled in Fig. 1. As Fig. 1 shows, af ter  two injections of 1.106 sheep 's  e ry throcytes  into intact 
mice a ra ther  more  intensive immune response  was observed than after a single injection of 5 - 108 sheep 's  
e ry throcytes .  Mice receiving C P previously  reacted to both methods of immunization absolutely identically. 
After pre l iminary  injection of CP the react ivi ty  of the animals to a single injection of 5 �9 108 sheep 's  e ry th ro -  
cytes was unchanged and their response  to two injections of 1 - 106 sheep ' s  e ry throcytes  was reduced ve ry  
slightly. 

Labora tory  of the Molecular Bases  of Immunogenesis ,  Institute of Experimental  Biology, Academy of 
Sciences of the Armenian SSR. Labora tory  of Immunological  Tolerance,  N. F. Gamaleya Institute of Epidemi- 
ology and Microbiology, Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician of the 
Academy of Medical Sciences of the USSR O. V. Baroyan.) Translated from Byulleten'  l~ksperimental 'noi 
Biologii i Meditsiny, Vol. 83, No. 6, pp. 716-718, June, 1977. Original ar t ic le  submitted November 10, 1976. 

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part [ 
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, I 
microfilming, recording or'otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50. ] 

850 



10 s 

3 
1o 

/02 

60 
I 

55 

r1111~ 

~ i ! i ! !  

N 
"/////2, 

cp 

30 
82 

/ / I /Iz  
/li/zA 

c 

/0 r 

I03 

I0  2 

Jl 

27 ~ 19 

s ~ 3 4 5 6 7 8 

Fig. 1 Fig. 2 

Fig. 1. Comparative effectiveness of double immunization with 1 �9 106 sheep's 
erythrocytes and a single immm~ization with 5 �9 108 sheep's erythrocytes. Ordi- 
nate, number of AFC in spleen 4 days after last injection of antigen. CP) Ani- 
mals previously (1-8 weeks beforehand) receiving CP, 200 mg/kg; C) control 
animals. Unshaded columns represent immune response to single injection of 
5" 108 sheep's erythrocytes, shaded columns represent response to two injections 
each of 1 �9 i08 sheep's erythrocytes. Numbers above columns give number of 
mice. 

Fig. 2. Dynamics of recovery of immunoreaetivity judged from differences 
be tween  i nd i ce s  a f t e r  induct ion  of t o l e r a n c e .  O r d i n a t e ,  n u m b e r  of AFC in 
s p l e e n  4 days  a f t e r  l a s t  i n j ec t ion  of an t igen ;  a b s c i s s a ,  s t a g e s  of induct ion  of t o l -  
e r a n c e  (in weeks) .  Unshaded  c o l u m n s  show immune  r e s p o n s e  to s i ng l e  in jec t ion  
of 5 �9 108 s h e e p ' s  e r y t h r o c y t e s .  Shaded c o l u m n s  show r e s p o n s e  to two i n j e c t i ons  
of 1 �9 106 s h e e p ' s  e r y t h r o c y t e s .  N u m b e r s  above  c o l u m n s  ind ica t e  n u m b e r  of 
m i c e .  

The immune response of the experimental animals is illustrated in Fig. 2. As Fig. 2 shows, the recovery 
of immunological reactivity took place irregularly. The first clear signs of recovery were observed 3 weeks 
after the induction of tolerance. During the next 2-3 weeks this process ceased or even went into reverse, to 
become reactivated at the latest times of observation (6-8 weeks after induction of tolerance). However, even 
after 8 weeks the immunoreactivtty of the experimental animals remained weaker than that of the controls by 
both methods of immunization (Figs. 1 and 2). 

The experimental animals gave a weaker response to two injections of 1 �9 108 than to a single injection of 
5 �9 108 sheep's erythrocytes (Fig. 2). This difference was statistically significant in tests carried out 2, 3, 6, 
and 8 weeks after induction of tolerance, but at other times it amounted to no more than a tendency. The sig- 
nificance of this difference is increased by the fact that in the control animals, on the other hand, two injec- 
tions of 1 �9 106 sheep's erythvocytes proved more effective (Fig. 1). It should also be remembered that the 
second injection of 1 �9 106 sheep's erythrocytes was given 1 week later than in the mice receiving a single injec- 
tion of 5 �9 108 sheep's erythrocytes, i.e., at a time when immunoreactivity could be expected to have recovered 
more completely. 

The results thus indicate that the ability of partially tolerant animals, at the stage of gradual loss of 
tolerance, to form and realize immunological memory in response to injection of small doses of antigen is much 
more severely impaired than their ability to give a primary response to injection of a larger dose of antigen. 
Several explanations of this fact may be suggested. Immunological memory formed in response to injection of 
a small dose of antigen is known to be more T-dependent than the immune response to a massive injection of the 
same antigen. Meanwhile, when tolerance is induced with CP mainly T lymphocytes are damaged [1, 3, 5, 12, 
13]. It is also known that small doses of antigen selectively stimulate'cell clones whose receptors have 
increased affinity for that particular antigen [6, 9, 14, 15], whereas in tolerant animals the most avid clones 
are absent or suppressed [7, 8, 14]. Finally, the possibility cannot be ruled out that the formation and realiza- 
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tion of immunologica l  m e m o r y  when smal l  doses  of antigen a r e  used a r e  m o r e  vulnerable  to the action of 
Mocking antibodies which appear  in the an imals  3-4 weeks a f t e r  the induction of to le rance  [2]. 

All the f ac to r s  indicated above may be r e spons ib le  for  the se lec t ive  impa i rmen t  of the fo rmat ion  and (or) 
r ea l i za t ion  of immunologica l  m e m o r y  in pa r t i a l ly  to le ran t  an imals  compared  with the p r i m a r y  response .  The 
wave- l ike  cou r se  of r e c o v e r y  of immunoreac t iv i ty  in the to le ran t  an imals ,  observed  previous ly ,  is interest ing.  
The  impor tan t  point is that  the secondary  fall  of the cu rve  of r e c o v e r y  of reac t iv i ty  occurs  at the fourth to fifth 
week, i .e. ,  it coincides  with the t imes  of appea rance  of blocking antibodies.  This  sugges ts  that blocking ant i -  
bodies may play the ro l e  of a fac tor  delaying r e c o v e r y  of immunoreac t iv i ty  and modifying the dynamics  of the 
p r o c e s s .  
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