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The appearance and circulat ion of antibodies against se rum proteins in the blood s t r eam 
after  injection of antitetanus se rum under various conditions were studied. The antitoxin 
level was found to va ry  inversely  with the concentrat ion of antibodies against se rum pro-  
teins in the blood. The effect of blocking the specific proper t ies  of the antitoxin by these 
antibodies can be overcome by injection of ant iserum from another species of animal. 

The more  successful  use of heterogeneic se rum preparat ions is dependent on knowledge of the pr in-  
ciples governing the formation of antibodies against se rum proteins (ASP) and analysis of their  effect on 
the passive immunity level. 

A disturbance of the binding power of tetanus antitoxin by ant iserum was observed previously [13, 
17], and it was subsequently postulated [16] that the rapid l iberation of horse  diphtheria antitoxin is depen- 
dent on the formation of antibodies against it. The dynamics of the blood antitoxin level was later  studied 
in more  detail [2-8, 14,15, 18, 19], and the resul ts  showed that repeated injection of the se rum is ineffec- 
tive, for the resul t ing antibodies against the foreign protein interact  with the antitoxin and block its spe-  
cific determinant.  

Since this problem is not only of theoret ical  interest ,  but also of considerable pract ical  importance,  
it was decided to study the dynamics of ASP formation and its relat ionship with the antitoxin level af ter  
single and success ive  repeated injections of antitetanus serum.  

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

Chinchilla rabbits weighing 2.8-3.5 kg were used. Antitetanus horse  se rum (D-3) with a t i ter  of 3400 
i.u. was injected in t ramuscular ly  in a dose of 1 m l / k g  body weight. In one of the ser ies  of experiments ,  
in which bovine native serum and horse  (D-3) antitetanus se rum were given in success ion the t i ters  of ant i-  
toxin were lower (650 and 1,900 i.u., respectively).  The bovine se rum was accordingly used in twice the 
volume. The blood antitoxin level of the rabbits was determined daily by t i tration in albino mice by the 
usual method, and antibodies against se rum proteins were determined by the precipitat ion test in agar  
(PTA). Altogether 52 rabbits were used. 

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

Four ser ies  of experiments  were performed.  The mean values of antitoxin and antibodies against 
s e rum proteins in each group of animals are  shown in Fig. 1. It is c lear  f rom Fig. 1A that the blood anti-  
toxin level in the animals af ter  a single injection of antitetanus se rum (experiments of ser ies  I) reached 
a maximum during the f i rs t  2 days (M = 20.0 and 22.1 i.u.) after  injection of the preparat ion.  On the follow- 
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F i g .  1, D y n a m i c s  of an t i t ox in  and a n t i -  
b o d i e s  a g a i n s t  s e r u m  p r o t e i n s  in r a b b i t s  
a f t e r  s i n g l e  and r e p e a t e d  i n j e c t i o n s  of 
a n t i t e t a n u s  s e r u m .  A) A f t e r  a s i n g l e  
i n j e c t i o n  of D-3  h o r s e  a n t i t e t a n u s  s e -  
r u m ;  B) a f t e r  t h r e e  i n j e c t i o n s  of D-3  
h o r s e  a n t i t e t a n u s  s e r u m ;  C) a f t e r  r e -  
p e a t e d  d a i l y  i n j e c t i o n s  of D-3  h o r s e  
a n t i t e t a n u s  s e r u m ;  D) a f t e r  r e p e a t e d  
s u c c e s s i v e  i n j e c t i o n s  of bov ine  and 
h o r s e  a n t i t e t a n u s  s e r a .  A r r o w  i n d i c a t e s  
i n j e c t i o n  of h o r s e  s e r u m ;  doubled  a r -  
row i n d i c a t e s  i n j e c t i o n  of na t i ve  bovine  
s e r u m .  1) T i t e r s  of an t i tox in ;  2) t i -  
t e r s  of a n t i b o d i e s  a g a i n s t  h o r s e  s e r u m  
p r o t e i n s ;  3) t i t e r s  of a n t i b o d i e s  a g a i n s t  
bov ine  s L r u m  p r o t e i n s .  A b s c i s s a ,  days  
of i n v e s t i g a t i o n ;  o r d i n a t e ,  on the  lef t :  
t i t e r  of an t i tox in  (in i .u . ) ;  on the  r igh t :  
t i t e r  of a n t i b o d i e s  a g a i n s t  s e r u m  p r o -  
t e i n s .  

ing  days  the  an t i tox in  l e v e l  f e l l ,  and the  m a n n e r  of i t s  f a l l  
showed c e r t a i n  c h a r a c t e r i s t i c  f e a t u r e s .  The  g r e a t e s t  d e -  
c r e a s e  in  an t ibody  t i t e r s  (by up to  30%) took p l ace  on the 
3 r d  day  of the e x p e r i m e n t .  The an t i t ox in  l e v e l  s u b s e q u e n t l y  
d e c r e a s e d  m o r e  s l ow ly :  on the 4th and 5th d a y s ,  f o r  i n s t a n c e ,  
the m e a n  d e c r e a s e  was  13.5% d a i l y ,  and on the 6th and 7th 
d a y s  i t  was  18.6%. The t i t e r s  of an t i tox in  w e r e  d e t e r m i n e d  
a f t e r  the  8th day  in only a few r a b b i t s ,  and t hey  v a r i e d  b e -  
tween  0.1 and 0.5 i .u .  

F r o m  the 5th to  the 9th day  of the  e x p e r i m e n t  A S P  a p -  
p e a r e d  in the a n i m a l ' s  b lood in a t i t e r  of 1 : 16-1 : 256. T h e i r  
t i t e r  r e a c h e d  i t s  h i g h e s t  l e v e l  b e t w e e n  the 12th and 17th day  
of o b s e r v a t i o n  (M = 1 : 274 and 1 : 347). Subse que n t l y  the  ASP 
t i t e r s  f e l l  to  1 : 212-1 : 256, at  which  l e v e l  they  r e m a i n e d  unt i l  
the  26th day  of o b s e r v a t i o n .  Th i s  was  fo l lowed by  a s h a r p  
d e c r e a s e  in the  ASP c o n c e n t r a t i o n ,  and a f t e r  the  32nd day  of 
the  e x p e r i m e n t  t hey  cou ld  no l o n g e r  be  d e t e c t e d  in any of the  
r a b b i t s .  

In the e x p e r i m e n t s  of s e r i e s  II  (F ig .  1B) the  s a m e  i n -  
d i c e s  w e r e  s tud i ed  a f t e r  t h r e e  i n j e c t i o n s  of h o r s e  a n t i t e t a -  
nus  s e r u m  at  i n t e r v a l s  of 5 d a y s .  The  b lood  an t i tox in  l e v e l  
r e a c h e d  a m a x i m u m  d u r i n g  the  f i r s t  3 days  of the  e x p e r i -  
men t ,  when i t s  v a l u e  was  8-30 i .u .  (M = 16.5).  On the 5th 
day  the an t i tox in  l e v e l  f e l l  to 6-14 i .u .  (M = 8.9),  i . e . ,  b y h a l f .  
The  s e c o n d  i n j e c t i o n  of the s e r u m  was  a c c o m p a n i e d  by  a l e s s  
m a r k e d  i n c r e a s e  in  the  b l o o d  an t i tox in  l e v e l  of  the  a n i m a l s  - 
to 10-20 i .u .  (M = 12.4) - wh i l e  in two r a b b i t s  of th is  g roup  
the an t i tox in  con ten t  a c t u a l l y  fe l l .  In t h e s e  a n i m a l s  the  A S P  
t i t e r s  w e r e  h i g h e r .  The  an t i tox in  t i t e r s  5 days  a f t e r  the s e c -  
ond i n j e c t i o n  f e l l  to 0 .1 -8 .0  i .u .  (M = 3.2) .  A f t e r  the t h i r d  
i n j e c t i o n  of s e r u m ,  a f u r t h e r ,  s m a l l e r  i n c r e a s e  in  the  a n t i -  
tox in  t i t e r  was  o b s e r v e d  (2-15 i .u . ;  M = 6.7) than  a f t e r  the  
f i r s t  two i n j e c t i o n s ;  by  the  5th day  the an t ibody  t i t e r s  in ha l f  
of the a n i m a l s  had f a l l en  to  0.1 i .u . ,  whi le  in the r e s t  t hey  
did not  e x c e e d  3 -4  i .u .  (M = 1.6).  

The  h i g h e s t  m e a n  v a l u e s  of the ASP t i t e r  o c c u r r e d  on 
the  20 th-26 th  days  of the e x p e r i m e n t ,  a f t e r  which  they  f e l l  
g r a d u a l l y .  H o w e v e r ,  t h e s e  t i m e s  v a r i e d  w i d e l y  a m o n g  i n d i -  
v i d u a l  a n i m a l s .  

The  d y n a m i c s  of an t i tox in  and ASP a f t e r  r e p e a t e d  d a i l y  
i n j e c t i o n s  of h o r s e  a n t i t e t a n u s  s e r u m  ( s e r i e s  III) i s  i l l u s -  

t r a t e d  in F ig .  1C. D u r i n g  the f i r s t  d a y s  of the e x p e r i m e n t  t h e r e  was  a r e g u l a r  i n c r e a s e  in  the an t i tox in  
t i t e r ,  to r e a c h  a m a x i m u m  on the 5th day  of the  i n v e s t i g a t i o n  (20 i .u . ) .  L a t e r ,  d e s p i t e  con t inu ing  i n j e c t i o n s  
of the  p r e p a r a t i o n ,  the  an t i tox in  l e v e l  f e l l  s h a r p l y ,  and by  the 12th day  i t  had f a l l en  by  80%. In t he  f o l l o w -  
ing  10 d a y s  a f u r t h e r  but  s l o w e r  d i s a p p e a r a n c e  of an t i tox in  f r o m  the  b lood  was  o b s e r v e d ,  and  by  the  24th 
day  of the  e x p e r i m e n t  i t s  t i t e r  w a s  down to 0 .01-0 .1  i . u . ,  d e s p i t e  the fac t  tha t  a d m i n i s t r a t i o n  of the  p r e p a -  
r a t i o n  to the  a n i m a l s  con t inued  in the  p r e v i o u s  d o s e .  

F r o m  the 5 th -8 th  day ,  ASP  a p p e a r e d  in  the  r a b b i t ' s  b lood ,  and b y  the  10th d a y  i t  was  d e t e c t e d  in d i l u -  
t ions  of 1 : 512 o r  h i g h e r ,  a t  which  l e v e l  i t  r e m a i n e d  unt i l  the  end of the  p e r i o d  of o b s e r v a t i o n  (5 mon ths ) .  
The  a p p e a r a n c e  of ASP c o i n c i d e d  wi th  t he  p h a s e  of m o r e  r a p i d  d i s a p p e a r a n c e  of an t i tox in  f r o m  the b lood  
s t r e a m .  

The  e x p e r i m e n t s  of s e r i e s  IV w e r e  u n d e r t a k e n  to d e t e r m i n e  the  e f f e c t i v e n e s s  of u s i n g  s e r a  of d i f -  
f e r e n t  s p e c i e s  a t  the  t i m e  when f u r t h e r  u se  of the  h o m o g e n e i c  s e r u m  was  i ne f f e c t i ve .  The  r e s u l t s  (F ig .  1D) 
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show that a f t e r  injection of anti tetanus s e r u m  f rom another  spec ies  of animal ,  antitoxin appeared  in the 
r abb i t ' s  blood, and the dynamics  of i ts  level  was the s ame  as that found in the previous s e r i e s  of expe r i -  
ments .  However ,  fu r ther  injections of the heterogeneic  s e r u m  7 days a f te r  its p r i m a r y  injection l ikewise 
were  ineffective.  This  coincided with the t ime  of an accumulat ion of large quantit ies of ASP against  the 
proteins  of that s e r u m  in the blood s t r e a m .  

The r e su l t s  thus indicate that in r e sponse  to injection of heterogeneic  immunoglobulins the body p r o -  
duces ASP, and the i r  fo rmat ion  is subject  to the genera l  ru les  of the immunologica l  r esponse .  These  
antibodies can be detected by the PTA, the pass ive  hemagglut inat ion tes t ,  and the complement  fixation tes t  
[11, 12]. The rapid fal l  in the blood antitoxin level  coincides with the appearance  of ASP. 

Invest igat ions [3, 4] have shown that ASP a re  fo rmed against  the heterogeneic  de te rminant  of the p r o -  
te in  molecule  and not against  i ts  specif ic  group. However ,  despi te  this fact ,  once they appeared  in the 
blood s t r e a m  and in terac ted  with the an t i s e rum they blocked its specif ic  de terminant ,  as  a resu l t  of which 
subsequent  injections of the p repara t ion  were  a lmos t  or  comple te ly  ineffect ive.  This was a lso  conf i rmed 
by the fact  that,  as a rule ,  the ASP began to be detectable  in high t i t e r s ,  while sma l l  amounts of ASP could 
not be  detected for  they were  evidently comple te ly  bound by  the protein molecules  of the re la ted  s e r u m .  

The duration of c i rcu la t ion  of ASP in the blood depends on the number  of injections of the p r e p a r a -  
tion. 

This  effect  of blocking the specif ic  act ivi ty of s e r u m  prepara t ions  by ASP can be overcome by suc -  
ce s s ive  adminis t ra t ion  of s e r a  of different  spec ies .  The s e r u m  of each spec ies  p o s s e s s e s  opt imum ef fec-  
t i venes s  for  only 5-7 days.  

Cons ider ing  the resu l t s  of the w r i t e r ' s  previous  invest igat ions with ant iv i rus  p repara t ions  [9-12] and 
resu l t s  obtained with cytotoxic s e r a  [1], it can be concluded that the phenomenon of blocking specif ic  ac t iv i -  
ty of s e r u m  prepara t ions  by ASP is not a spec ia l  case ,  but a genera l  biological  rule .  
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