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Expe r imen t s  on albino mice  showed that p r e l i m i n a r y  injection of tetanus toxoid i nc rea se s  the 
r e s i s t ance  of an ima l s  to tetanus toxin, as manifes ted  by an i nc rea se  in LD~0. The effect  is 
enhanced by inc reas ing  the dose of toxoid o r  by giving it in f rac t ional  doses .  The use of p r o -  
tagon and unpurified mi tochondr ia l  f ract ion,  i sola ted f rom the b r a i n ,  as r ecep to r  of tetanus 
toxin in the ne rve  t i ssue  revea led  compet i t ion for  subs t ra te  between the tetanus toxoid and 
toxin. The resu l t s  of these expe r imen t s  conf i rm the w r i t e r s '  e a r l i e r  hypothesis  that the te t -  
anus toxin molecule  contains di f ferent  functional groups respons ib le  for  binding the toxin with 
the r e c e p t o r  in b ra in  t i ssue ,  for  the pathogenic action of the toxin, and for  the binding of the 
toxin with antitoxin. 

KEY WORDS: tetanus toxin; toxoid; phenomenon of e a r l y  p ro tec t ive  action of toxoid; r ecep -  
tor  of tetanus toxin; functional groups in toxin molecule .  

The w r i t e r s  p rev ious ly  [4, 5, 10] postula ted  that the tetanus toxin molecule  p o s s e s s e s  three  functional 
groups:  an antigenic group respons ib le  for  binding with antitoxin, a toxophore group respons ib le  for  the pa tho-  
genic effect ,  and a group respons ib le  for  binding the toxin to the bra in  or  spinal  cord r ecep to r  (ganglio- 
s ides) .  The conclusion that the toxophore group is u n n e c e s s a r y  for  binding of the toxin follows f rom data 
[16] showing that toxoid, which has no toxic p rope r t i e s ,  can be bound by the n e r v e - t i s s u e  r ecep to r .  This  
fact ,  however ,  requi red  specia l  examinat ion.  It can be cons idered  in conjunction with the wel l -known [1, 2, 
6, 12, 13, 18, 19, 22, 23] phenomenon of the ea r ly  p ro tec t ive  action of toxoid, in which, if sui table doses  of 
toxoid a re  f i r s t  injected into an animal ,  the action of toxin is subsequent ly  weakened. This  phenomenon was 
prov is iona l ly  explained by the p r e s ence  of compet i t ion between the toxin and toxoid. This  hypothesis  re -  
quired d i rec t  expe r imen ta l  proof .  The invest igat ion descr ibed  below was c a r r i e d  out to study these p rob-  
lems~ 

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

Solutions containing 5-100 fixation units if.Uo) of concentra ted tetanus t0xoid, batch No. 56, and 0.0006- 
0~ dried or  pur i f ied (by P i l l e m e r ' s  [211 method) tetanus toxin, batch No. 228 (Leningrad Resea rch  Inst i-  
tute of Vaccines and Sera),  were  injected into the musc les  of the right and left hind l imbs of albino mice .  
The sever i ty  of tetanus poisoning was m eas u red  in LDh0 units by K e r b e r ' s  s ta t i s t ica l  method in the modifi-  
ca t ion  of A s h m a r i n  and Vorob 'e  [3]. Fo r  the de te rmina t ion  of LDh0 , in each s e r i e s  of exper imen t s  four 
succes s ive ly  inc reas ing  doses of toxin were  used,  and each dose of toxin, with the cor responding  effect  of 
toxoid, was tested on 20 mice .  In each s e r i e s  of exper imen t s  80 mice  thus were  used.  The s ame  number  
of mice  were  used to de te rmine  LDs0 in the control .  

Pur i f ied te tanospasmin ,  labeled with I TM, was obtained by the method adopted p rev ious ly  [7, 8, 9]. 
Sa rcosomes  f rom the thigh musc les  of guinea pigs were  obtained as descr ibed  by Chappel and P e r r y  [11], 
the unpurified mitoehondrial fraction (UMF) was obtained from guinea pigs r brains by the method of Schneider 
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TABLE 1. 
LDs0 values of toxin) 

E f f e c t  of  T o x o i d  on P a t h o g e n i c  E f f e c t  of  T o x i n  ( f r o m  

Experimental conditions 

Control 

Single injection of toxoid 
8 h before toxin 

4 h before toxin 

2 h before toxin 

simultaneously with toxin 

Fractional injections of tox. 
oJd 

8, 6, 4, 2 h before toxin 
and simultaneously 
with it 

4, 8, 2, 1 h before toxin 
and simultaneously 
with it 

60, 45, 30, and 15 rain 
before toxin and simul- 
taneously with it 

60, 45, 30, and 15 min 
before toxin and simul. 
taneously with it 

60, 45, 80, and i5 rain 
before toxin and simul- 
taneously with it 

60, 45, 30, and 15 min 
before toxin and simul- 

�9 taneously with it" 

Dose of tox- 
old (in f.u,) 

1o 

lO 

10 

lO 

Doses of 
toxin (in [ total 
~g) l 

mice[[ LDs0 Chan~es in 
[ LDs0 ~'num- 

died [(in /~g)[ber of times) 

10 (5 times, 
2 each- 
time) 

10 (5 times, 
2 each 
time) 

I0 (5 times, 
2 each 
time) 

5 (5 times. 
1 each 
time) 

20 (5 times, 
4 each 
time) 

[00 (~ times 
20 each 
:ime) 

1,17 

1,2 

1,17 

1,1 

4,1 

4,3 

4,5 

2,7 

5,5 

7,0 

T A B L E  2.  E f f e c t  o f  T e t a n u s  T o x o i d  on F i x a t i o n  o f  L a b e l e d  T o x i n  by  
S u b s t r a t e s  (M * m)  

131 
Quantity of toxin- I fixed (in ~g/mg substrate) 

Experimental conditiom 
~hrain UMF [ IZOt agon 

Simultaneous incubation with toxoid 

Snbstrate + toxin (control) 0,35-----0,02 0,45-~-0,02 
Substrate + toxin + 10 f .u .  0,30+----0,017 0,305+-0.015 

toxoid P~O,O 1 P>O,O I 
Substrate + toxin + 100 f..u. 0,175• 0,184~-0,009 

toxoid P<O,O05 P<O,O05 

Preincubation with toxoid 

Substrate + toxin (control) 0 ,32+--0 ,019  0,38-----0,017 
Substrate + 10 f. u. toxoid + 0,27+--0,018 0,25+-0,012 

toxin P~O,O1 P~O,OI 
Substrate + 100 f. u. toxoid + 0,15+0,01 0,152-----0,006 

toxin P~O,O05 P~O,O05 

I ~mnscle sa rcosomes  =, �9 :7 

0,23-----0,16 
0,20-----0,01 
P:>0,01 

0,17+-0,014 
P>O,Ol 

0,22---0,016 
0,175+-0,017 

P~O,OI 
0,14-----0,009 
P~O,O05 

L e g e n d .  E a c h  v a l u e  i s  t he  m e a n  o f  9-11 d e t e r m i n a t i o n s .  

and H o g e b o o m  [24], and p r o t a g o n ,  an  u n p u r i f i e d  c o m p l e x  of  c e r e b r o s i d e s  and g a n g l i o s i d e s ,  u s e d  a s  t he  t o x -  

in  r e c e p t o r  [171 lwas  o b t a i n e d  f r o m  b o v i n e  b r a i n  by  the  m e t h o d  of  W i l s o n  and  G r a m e r  1251 in  P r o m y s l o v ' s  

m o d i f i c a t i o n .  
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Fresh ly  p repared  toxin-I TM was added to the subst ra tes  at the rate of 1 ~g to 1 mg sa rcosomes  f rom 
the muscles  and brain UMF or to 1 mg protagon. Tetanus toxoid was addedin doses of 10 and 100 f.u. per  
sample.  

In the experiments  of ser ies  I ,  toxin-I  TM and toxoid were incubated simultaneously with protagon in 
physiological  saline for  45 min, but with bra in  UMF and muscle  s a r cosomes  they were incubated in Gublerts 
medium [14] for  10 rain at 37~ The mixtures  were precipi tated and washed twice by centrifugation at 
12,000 rpm, for 15 min each time, to remove t races  of unbound toxin-II31~ 

in the exper iments  of se r i e s  II, protagon, sa rcosomes ,  or  UMF were preincubated under the same con- 
ditions with the same doses of toxoid (without toxoid in the control),  af ter  which they were washed twice by 
centrifugation, and the protagon was then incubated for  45 min and the sa rcosomes  and UMF for 10 min each 
with toxin-I TM at 37~ The test  fract ions were again sedimented and washed twice by centrifugation. P ro -  
tein was est imated in the prepara t ions  by Lowry ' s  method [20]. 

EXPERIMENTAL RESULTS 

Preliminary injection of a single dose of I0 f.u~ toxoid into mice was shown to increase LDs0 for tet- 
anus toxin by only 15%, whereas the same dose of toxoid, if divided into five injections, increased LD~0 by 
more than five times (Table i)~ The effectiveness of the I0 f.u. toxoid was somewhat greater if the frac- 
tional injections were given 60 rain than if given 8 h before injection of the toxin. The same tests showed 
that the rapid protective action of toxoid against tetanus poisoning increases only with an increase in the 
dose of toxoid to I00 f~ 

The possibility of competition between toxoid and toxin for the receptor was studied in experiments in 
vitro with protagon, brain UMF, and muscle sarcosomes from guinea pigs. The results showed that simul- 
taneous incubation of the substrates with toxoid and toxin-I TM and preliminary saturation of the substrates 
with toxoid reduced fixation of the toxin by the receptor. Binding of toxin-I TM by UMF was reduced by 50% 
in the case of simultaneous incubation with 100 f~ toxoid and by 53% after preliminary treatment of the 
UMF with the same dose of toxoid (Table 2). Fixation of labeled tetanospasmin by protagon during simul- 
taneous incubation with toxoid was reduced by 59% and after preliminary incubation of toxoid with protagon 
by 60%. No such marked effect was observed in the experiments with muscle sarcosomes~ The action of 
tetanus toxoid in a dose of i00 f.u. reduced fixation of tetanus toxin by the sarcosomes by 16.1-36.4%~ 

After both simultaneous and preliminary incubation of protagon and brain UMF with the toxoid, a com- 
petitive effect of the toxoid was thus observed on fixation of the toxin by substrates containing the toxin re- 
ceptor. This fact agrees with observations showing that after treatment with toxoid, brain tissue homogen- 
ate binds less toxoid [15]. 

The results of these experiments, indicating competition between toxoid and toxin for the receptor, 
can explain the phenomenon of early protective action of toxoid. They support the earlier hypothesis that 
tetanus toxin is not bound with the receptor by the toxophore group, for toxoid, which has no toxic proper- 
ties, also binds with the receptor and that the toxin molecule contains at least three functional groups; one 
of these groups - the receptor-binding group - is present in both toxin and toxoid and is responsible for 
binding toxin (and toxoid) with the nerve-tissue receptor [4, 5, I0]. 

In conclusion, competitive relations between toxin and tokoid may occur not only in the central ner- 
vous system but also at the periphery, for example, at the portal of entry into the neural pathway whereby 
the toxin reaches the CNS and, possibly~ in the neural pathway itself. 
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