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Frequent  in t ravenous inject ions of sheep ' s  e ry th rocy te s  reduce  the immunoreac t iv i ty  of ra ts .  
With an i nc rea se  in the number  of injections of antigen the degree  of inhibition of the immune 
response  is intensified. By cultivating lymphocytes  in vivo in i r rad ia ted  rec ip ien ts  it was  
shown that the reac t iv i ty  of the ce l l s  t hemse lves  is  not thereby  reduced.  The r e su l t s  suggest 
that c i rcula t ing antibodies a re  the cause  of the observed  immunodepress ion .  

A lowering of the immunoreac t iv i ty  of an imals  a f t e r  frequent repeated  Injections of antigen has been  
demons t ra ted  in s eve ra l  exper imenta l  models  [4, 6, 7]. However ,  the reasons  for  the obse rved  immuno-  
depress ion  have not been adequately investigated.  It is not c lea r  what l ies  at the ba s i s  of the phenomenon: 
depress ion  of ~eactivity of the lymphocyte population o r  the immunodepres s ive  action of an ex t race l lu l a r  
factor .  In other  words ,  it has to be decided whether  the phenomenon is  a type of immunologica l  to lerance  
or  a manifes ta t ion of se l f - regu la t ion  of the immune response .  

The object  of this invest igat ion was  to a s s e s s  the immunoreac t iv i ty  of the lymphocytes  of repea ted ly  
immunized  ra ts .  

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

Sheep 's  e ry th rocy te s  we re  injected in t ravenously  into adult August r a t s  and noninbred albino ra t s  
repeatedly  (up to 11 t imes)  at in te rva l s  of 2-3 days in one of the following doses:  1 x 106, 1 x 109, o r  5 x 109 
cel ls .  Two days af ter  the end of this course  of inject ions of antigen the r a t s  r ece ived  an intravenous in jec-  
tion of 1 • sheep ' s  e ry th rocy tes .  F r o m  3 to 4 days  l a t e r  the number  of an t ibody-forming  cel ls  (AFC) 
was  de te rmined  in the spleen and in the submandibular  lymph glands by the method of local  hemolys i s  in 
gel [2]. In some exper iments ,  24 h before  immunizat ion (1 x 109 sheep ' s  e ry th rocy tes ,  intravenously) or  
48 h the rea f te r ,  1 ml  of an t i s e rum was  injected into the ra ts .  The an t i s e rum was obtained f r o m  ra t s  on the 
2rid day af ter  the las t  of 3 in t ravenous inject ions of 5 x 109 sheep ' s  e ry th rocy tes ,  at in te rva l s  of 2 days. The 
an t i s e rum contained hemolys ins  in a t i t e r  of 1:10,240 and hemagglut inins in a t i t e r  of 1:5,120. The s e rum 
of r a t s  immunized  with a single in t ravenous injection of 10 ~tg Salmonella  typhi O-ant igen was  used as  the 
control.  

The immunoreac t iv i ty  of ce l l s  f rom the spleen and submandibular  lymph glands was  tes ted by cul t iva-  
tion in vivo in recipient  r a t s  i r r ad ia ted  in a dose of 650 R [3]. F r o m  2 to 2.5 h af ter  i r rad ia t ion  the r ec ip -  
ient r a t s  rece ived  an int ravenous injection of 5 • 10 T nucleated cel ls  f rom the spleen or  submandibular  
lymph glands, and 1.5-2 h l a t e r  the same  rec ip ien ts  rece ived  an int ravenous injection of 1 • 109 sheep ' s  
e ry th rocy tes .  In some exper iments ,  1 h before  t ransplanta t ion of the cel ls ,  the recipient  r a t s  rece ived  an 
injection of antibodies (1 ml an t i se rum,  intravenously).  The number  of AFC in the spleen of the recipient  
r a t s  was  de te rmined  5 days  l a t e r  by the method of local  hemolys i s  in gel. 
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Fig. 1. Effect  of antibodies on immunoreac t iv i ty  of r a t s  to sheep ' s  e r y -  
th rocytes :  1) antibodies injected 24 h before  immunizat ion;  2) antibodies 
injected 48 h a f t e r  immunizat ion;  3) antibodies against  Salmonella typhi 
O-ant igen injected 24 h be fo re  immunizat ion with sheep ' s  e ry th rocy tes ;  
4) control.  Ordinate:  log of number  of AFC in r a t s '  spleen on 4th day 
a f te r  injection of antigen. 

Fig. 2. Effect  of number  of inject ions of antigen on immune response  of 
ra ts .  Absc i ssa ,  number  of in t ravenous  inject ions of 5 x l09 sheep ' s  e r y -  
th rocy tes  ( logar i thmic scale) given at in te rva l s  of 2 days; ordinate,  log 
of number  of AFC in r a t s '  spleen on 4th day a f t e r  las t  injection of 5 x 
109 s heep ' s  e ry th rocy tes .  

The t i t e r s  of hemolys ins  and hemagglut inins  w e r e  de te rmined  in the an ima l s '  blood by the usual  
method. The antibody t i t e r s  we re  e x p r e s s e d  in l oga r i thms  to base  2 and the initial dilution of the s e r u m  
was  1:10. The exper imenta l  r e su l t s  w e r e  subjected to s ta t i s t i ca l  analysis .  

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

A course  of r epea ted  in t ravenous  inject ions of sheep ' s  e ry th rocy tes ,  in both high (5 xl09) and low 
(1 x l0 G) doses  lowered the leve l  of immunoreac t iv i ty  of the r a t s  below that of the control  an ima l s  not p r e -  
viously exposed to exper imen ta l  t r ea tmen t  of any kind. On the 4th day a f t e r  in t ravenous injection of 1 x 109 
sheep ' s  e ry th rocy tes ,  the num ber  of AFC found in the spleen of the expe r imen ta l  r a t s  was  96.2 x 103 (ani- 
ma l s  p rev ious ly  rece iv ing  s eve ra l  inject ions of 5 x 109 sheep ' s  e ry throcy tes )  and 472 x 103 (animals  p r e -  
viously rece iv ing  s eve ra l  inject ions of 1 x 106 sheep ' s  e ry th rocy tes ) .  Under the same  conditions the immune 
r e sponse  of the control  an imals  was 1552 x 103 AFC. The dec rea se  in the immune response  of the e x p e r i -  
menta l  an imals  was s ta t i s t i ca l ly  significant.  

A poss ib le  reason  for  the obse rved  d e c r e a s e  in immunoreac t iv i ty  of the exper imen ta l  r a t s  could be 
antibodies c i rculat ing in the blood s t r eam.  Before  the tes t  inject ion hemolys ins  w e r e  found in the blood of 
r a t s  repea ted ly  immunized  with 5 x 109 or  1 x 106 sheep ' s  e ry th rocy t e s  in t i t e r s  of 10.8 • 0.4 and 9.8 • 0.4 
respec t ive ly .  A specia l  s e r i e s  of expe r imen t s  showed that these  antigens,  if  injected into intact  r a t s  24 h 
before  immunizat ion with s heep ' s  e ry th rocy tes ,  sharp ly  inhibited the immune  response ,  judging f rom the 
number  of AFC in the spleen (Fig. 1). The number  of AFC in the spleen was  reduced only slightly if the 
antibodies we re  injected 48 h a f te r  the antigen. The immune r e sponse  of the r a t s  of this group was of the 
s a m e  o r d e r  as a f te r  injection of a n t i s e r u m  of another  specif ici ty.  

The t e m p o r a r y  d e c r e a s e  in immunoreac t iv i ty  of the r a t s  a f t e r  a single injection of 5 • 109 sheep ' s  
e ry th rocy te s  (Fig. 2) was  r a the r  unexpected.  With an i nc r ea se  in the number  of p r e l i m i n a r y  inject ions of 
the antigen the level  of immunoreac t iv i ty  fell.  Before  a second injection of antigen given 2 days  a f te r  the 
f i r s t ,  hemolys ins  c i rcu la ted  in the r a t s '  blood in v e r y  low t i t e r s  (1:40), a l though inhibition of the immune 
r e sponse  was  c lea r .  The phenomenon obse rved  was  p r e s u m a b l y  connected with depress ion  of the reac t iv i ty  
of the lymphocytes  themse lves .  To tes t  this hypothesis ,  the method of cult ivating lymphocytes  f r o m  r a t s  of 
the va r ious  exper imenta l  groups  in vivo in lethal ly i r r ad i a t ed  rec ipient  r a t s  was  used. Pa r a l l e l  with this,  
and in the same  s e r i e s  of exper iments ,  the hypothesis  of " red is loca t ion"  of the immune response  f r o m  the 
spleen to the distant lymph glands during repea ted  in t ravenous  immuniza t ion  was  tested.  
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TABLE 1. Immunoreac t iv i ty  of Spleen and Lymph Gland Cells of 
Rats of Different Exper imenta l  Groups in Situ and during Cult iva-  
tion in Vivo 

Rats 

Intact 

Reaction of donors 

Reaetionofrecip- 
ients 

Lymph glands 

Reaction of recipients 
Source of cells ~ J  Number of AFC in ~ Number of AFC 

"*"1 spleen or lymph .~ 
o~ :glands,(xl0~) ~ in spleen (X l0 s) z~ 

11 135,5 (112,2--163,7) 16 

8 2,1 (1,3--3,4) 10 

14,0 (7,1--27,4) 

6,3 (2,9--13,7) 

Sensitized Spleen 7 152,8 (118,0--197,7) 5 156.7 (61,9--396,3) 

Repeatedly Spleen 14 1,8 (1.1--2,9) 17 26,0 (13,9--48,8) 
immunized Lymph 

glands 9 0,6 (0,4--1,0) 9 9,4 (3,3--26,4) 

Irradiated (con- 
ttol) -- --  0,2 (0, I--0,4) 110 

* Calculated p e r  5 x 10 ~ nucleated cel ls  

The r e su l t s  in Table  1 show that a f te r  repeated  int ravenous inject ions of antigen there  was  no change 
in the local izat ion of the immune response :  s ta t i s t ica l ly  significant (P < 0.001) inhibition of the immune 
response  to in t ravenous injection of a tes t  dose of 1 x 109 sheep ' s  e ry th rocy t e s  was  obse rved  both in the 
spleen and in the lymph glands of the donor ra t s .  However,  during cultivation of the cel ls  in vivo the immune 
response  of the spleen and lymph gland cel ls  of the repeatedly  immunized  r a t s  was  actual ly s t ronger  than 
the cell  r esponse  of the intact donors.  An even s t ronger  immune r e sponse  was  obse rved  if the donors  of 
the cel ls  w e r e  p rev ious ly  immunized  by a single injection. The di f ference  in the immunoreac t iv i ty  of the 
spleen cell  populations was  s ta t i s t ica l ly  significant. 

Special expe r imen t s  showed that injection of antibodies into the i r r ad ia t ed  rec ip ien ts  sharp ly  sup-  
p r e s s e d  the immune r e sponse  of the cel ls  cult ivated in vivo and obtained f rom both the control  and expe r i -  
mental  ra ts .  

It can be concluded f rom the r e su l t s  of this invest igat ion that the a reac t iv i ty  a r i s ing  a f t e r  frequent 
in t ravenous inject ions of sheep ' s  e ry th rocy te s  into r a t s  is  due to c i rcula t ing antibodies f o rmed  as  a resu l t  
of the preceding  injections of antigen. The r e su l t s  indicating that the lymphocytes  of donors  with a high 
antibody t i te r  give a be t t e r  immune r e sponse  when tes ted in an intact  i r r ad i a t ed  recipient  do not conf i rm 
the view that the antibodies act  d i rec t ly  on the immunocompetent  cell,  leading to the induction of to lerance  

[1, 51. 

The fact  that immunoreac t iv i ty  is  lowered immedia te ly  af ter  a single injection of antigen, when the 
t i t e r s  of c i rculat ing antibodies a r e  stil l  low, r equ i re s  fu r ther  study. Depress ion  of the immune  response  
by means  of antibodies,  when p re sen t  in concentra t ions  which cannot be de te rmined  sero logiea l ly ,  has  been  
desc r ibed  in the l i t e r a tu r e  [8]. 
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