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The disappearance of heterologous antibodies from the blood is connected with the formation of an- 
tibodies against the heterologous immune protein, and this applies to antitoxins, especially tetanus anti- 
toxin injected for the purpose of passive immunization or treatment [3, 4, 5, 7, 8, i0]. This process has 
been observed both in man [5] and in animals; it begins most intensively onthe 6th-7th day [3, 5, i0], 
when the discharge of the newly formed antibodies into the blood stream becomes considerable in scale 
and is accelerated with each fresh injection of antitoxin if it is given repeatedly [3, 7, I0]. The mechanism 
of disappearance of antitoxin from the blood is largely unexplained. It is assumed that this process is ac- 
companied by excretion of the antitoxin from the body. However, the process of excretion of antitoxin or of 
its breakdown products during passive immunization has not been studied in direct experiments, although 
it is known that during active immunization in man and animals (rabbits) fragments of antibody molecules 
with a sedimentation coefficient of 0.92-1.2 Svedberg units are excreted in the urine [6, 9, Ii]. 

In the present investigation an attempt was made to discover whether the excretion of antibody frag- 
ments of low molecular weight takes place during passive immunization with heterologous antitoxin, how 
this process is modified during repeated injections of antitoxin, and whether it is correlated with the de- 
crease in the antitoxin titer in the blood and with antibody formation against it. 

EXPERIMENTAL METHOD 

Experiments were carried out on rabbits weighing 2.5-3 kg. Each series of experiments was con- 
ducted on four animals. The rabbits were injected subcutaneously with 9000 antitoxin units of "Diaferm" 
tetanus antiserum (three injections at intervals of 12 days). Immediately before each injection and 48 h 
thereafter serum was taken for determination of the antitoxin content (biological testing on mice) and of 
the titer of antibodies formed against it (ring precipitation test). A mixture of equal volumes of serum 
from all the experimental animals was used for titration. 

On the days after injection of the antitoxin the animals were kept in specially equipped cages similar 

to those used for studying basal metabolism, and the urine was collected for 4 days. After collection of 
each sample it was clarified by centrifugation and kept in the frozen state. Proteins were isolated from a 
m i ~ u r e  of equa l  v o l u m e s  of the  r a b b i t s '  u r i n e  and f r a c t i o n a t e d  by  the m e t h o d  d e s c r i b e d  above  [2]. The 
p r i n c i p a l  s t a g e s  of the  p r o c e d u r e  w e r e  a s  fo l l ows .  The  u r i n a r y  p r o t e i n s  w e r e  p r e c i p i t a t e d  by a 3.3 M s o -  
lu t ion  of a m m o n i u m  su l fa te .  A f t e r  d i a l y s i s  a g a i n s t  d i s t i l l e d  w a t e r  a s a t u r a t e d  so lu t ion  of a m m o n i u m  s u l -  
fa te  was  added  to the  p r o t e i n  so lu t i on  to 50~ s a t u r a t i o n ,  the  i n t e n s e l y  p i g m e n t e d  r e s i d u e  was  d i s c a r d e d ,  
and the s u p e r n a t a n t  w a s  d i a l y z e d  a g a i n s t  d i s t i l l e d  w a t e r ,  c o n c e n t r a t e d ,  and f r a c t i o n a t e d  on a Sephadex  
G 5 0  c o l u m n  in d i s t i l l e d  w a t e r .  The  an t i t ox i c  a c t i v i t y  of the  f r a c t i o n s  thus  ob ta ined  w a s  d e t e r m i n e d  by  
b i o l o g i c M  t e s t s  on m i c e .  I m m u n o e l e c t r o p h o r e s i s  and double  d i f fus ion  in a g a r  w e r e  c a r r i e d  out in a m i -  
c r o m o d i f i c a t i o n  [1], u s ing  a r a b b i t  a n t i h o r s e  s e r u m  as  d e v e l o p e r .  

EXPERIMENTAL RESULTS 

During chromatograph through a Sephadex G-50 column in distilled water the "Diaferm" tetanus anti- 
toxin was eluted in one fraction (one symmetrical peak). The urinary proteins of the intact rabbits not 
precipitated by ammonium sulfate in 50~c saturation were separated into two fractions by filtration through 
the same column. One of them (peak A) was eluted by the: same vol~e of solvent as the original "Diaferm" 
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Fig. 1. Chromatography of urinary proteins of rabbits 
receiving one injection of "Diaferm" tetanus antiserum 
on a Sephadex  G-50 co lumn  in d i s t i l l e d  w a t e r .  A and B 

- -  p e a k s  of f r a c t i o n s  1 and 2 of u r i n a r y  p r o t e i n s .  
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Fig .  2. An t i t ox i c  a c t i v i t y  of f r a c t i o n s  1 and 2 of u r i n e  (A) 
and an t i tox in  con ten t  in b lood  (B) of r a b b i t s  d u r i n g  t r i p l e  
p a s s i v e  i m m u n i z a t i o n .  A:  Unshaded  c o l u m n s  b an t i t ox i c  
a c t i v i t y  of f r a c t i o n  1 (peak A), shaded  co lumns  - -  an t i t ox i c  
a c t i v i t y  of f r a c t i o n  2 (peak B). I-III)  I n j ec t i ons  of an t i toxin ;  
B: an t i tox in  content  in b lood  b e f o r e  (a) and 2 d a y s  a f t e r  (b) 
i n j ec t ion  of ant i toxin;  an t i tox in  t i t e r s  in the  u r i n e  and b lood  
a r e  g iven  on a l o g a r i t h m i c  s c a l e .  

an t i toxin ,  w h e r e a s  the  o t h e r  (peak B) was  c o n s i d e r a b l e  r e t a r d e d  in i t s  p a s s a g e  t h rough  the  co lumn (Fig .  1). 
A s  shown p r e v i o u s l y  [6], the  p r o t e i n s  of t h i s  f r a c t i o n  w e r e  p r e c i p i t a t e d  d u r i n g  u l t r a f i l t r a t i o n  at  the  r a t e  of 
1.2 S v e r d b e r g  un i t s .  

F r a c t i o n s  wi th  s i m i l a r  p h y s i c o c h e m i c a l  p r o p e r t i e s  w e r e  a l s o  ob t a ined  d u r i n g  c h r o m a t o g r a p h y  of the  
u r i n a r y  p r o t e i n s  of a n i m a l s  of the  e x p e r i m e n t a l  g r o u p s ,  r e c e i v i n g  1, 2, and 3 i n j e c t i o n s  of an t i tox in ,  on 
Sephadex  (Fig .  1). 

In e v e r y  c a s e  an t i tox ic  a c t i v i t y  w a s  found in the  f r a c t i o n s  A and B i s o l a t e d  f r o m  the u r i n e  of the  
p a s s i v e l y  i m m u n i z e d  a n i m a l s .  C o m p a r i s o n  be tw e e n  the s p e c i f i c  a c t i v i t i e s  p e r  l i t e r  of u r i n e  showed tha t  
the  r a t i o  b e t w e e n  the an t i tox ic  a c t i v i t y  of t h e s e  f r a c t i o n s  in the  a n i m a l s  r e c e i v i n g  1, 2, and 3 i n j e c t i o n s  of 
an t i tox in  was  not  i d e n t i c a l  (Fig.  2A). W h e r e a s  the  s p e c i f i c  an t i tox ic  a c t i v i t y  in f r a c t i o n  A did  not  change  
s i g n i f i c a n t l y ,  the  a c t i v i t y  in f r a c t i o n  B r o s e .  A f t e r  the  t h i r d  i n j ec t ion  of an t i tox in  the  s p e c i f i c  a c t i v i t y  of 
f r a c t i o n  B was  m o r e  than  15 t i m e s  g r e a t e r  than  the s p e c i f i c  a c t i v i t y  of the  s a m e  f r a c t i o n  in the  u r i n e  of 
the  s a m e  a n i m a l s  a f t e r  a s ing le  i n j ec t i on  of an t i tox in .  At  th i s  m o m e n t  a high conten t  of p r e c i p i t a t i n s  w a s  
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Fig. 3. Immunoelec t rophores is  of 
"Dia fe rm '  horse  tetanus ant iserum 
and of the peak A fraction. In the 
wells:  1)"Diaferm" serum, 2) peak 
A fraction; in the gut ters :  rabbit 
antihorse serum.  

found in the blood (titer over 1 : 1000) of the rabbits.  The in- 
c rease  in the specific activity in fraction B corre la ted  with the 
degree of elimination of this fraction f rom the blood (Fig. 2B). 

Experiments with immunoelect rophores is  showed (Fig. 3) 
that fraction A of the passively immunized animals contained a 
protein detectable by ant iserum against horse  globulins and with 
the same electrophoret ic  mobility as "Diaferm" antitoxin. Be-  
cause of the limited quantity of mater ia l  it was impossible to 
ca r ry  out a s imi la r  analysis of the proteins of peak B. 

The resul ts  descr ibed above show that in rabbits immun- 
ized passively with heterologous antitoxin excret ion of antitoxic 
protein in the urine takes place in two fract ions:  the antitoxic 
activity of the fract ion A protein belongs to the "Diaferm" anti-  

toxin, for it is identical in its physicochemical  proper t ies  to this antitoxin; the antitoxic activity of f r a c -  
tion B is evidently due to a f ragment  of the "Diaferm" antitoxin molecule, for  the proteins of this f ract ion 
are  precipi tated in the ul t racentr iguge at the speed of 1.2 unit [6], whereas the sedimentation constant of 
peps in- t rea ted  "d i a fe rm '  horse  antitoxin is 5 units. 

The excretion of globulins (like the "Diaferm" antitoxin), proteolyzed by pepsin, in the urine has also 
been demonstrated in other investigations [11]. This phenomenon can be explained by assuming that in 
these globulins the par t  of the molecule responsible for their  reabsorpt ion is destroyed.  It is a striking 
fact that when repeated injections of antitoxin were given in the present experiments the total amount of 
antitoxin excreted with this fraction did ~ot increase. Hence, the excretion of antitoxin with the urine in 
fraction A is not connected with the immunologic reaction. It may accordingly be considered that this pro- 
cess is physiological in nature. 

Meanwhile, the amount of antitoxin of low molecular weight excreted with fraction B increased with 
each successive injection of the heterologous antitoxin. This process correlated, on the one hand, with a 
decrease in the antitoxin content in the blood, and on the other, with the increase in the titer of antibodies 
against it. These results, coupled with the fact that proteins with analogous physicochemical properties 
are not present in the composition of "Diafermr' antitoxin, suggests that the antitoxin excreted with frac- 
tion B is a product of catabolism of the injected heterologous antitoxin. 

Elimination of the "Diaferm" heterologous antitoxin thus takes place in two ways: by excretion of the 
antitoxin itself in its original form and by excretion of low-molecular weight products of its catabolism. 
As the content of antibodies against heterologous antitoxin in the blood rises, the importance of the second 
mechanism (immunologic catabolism) increases. It may be supposed that cells of the reticulo-endothelial 
system participate in the processes of catabolism of the injected antitoxin. In connection with the observa- 
tions described above it would be interesting to study the process of elimination of native antitoxin, both 
heterologous and homologous. 
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