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The abili ty of f rac t ions  of tetanus toxoid isola ted by ion-exchange ch romatography  on 
DEAE-ce l lu lose  to induce a l l e rg ic  reac t ions  of immedia te  and delayed types was studied in 
guinea-pigs.  The f rac t ions  di f fered in the i r  specif ic  act ivi ty,  the s ize of the speci f ic  antigen 
molecule ,  and also in the i r  p ro tec t ive  p rope r t i e s .  S t r ic t  co r r e l a t i on  was absent  between the 
pro tec t ive  and sensi t iz ing p rope r t i e s  of the f rac t ions .  The a l le rgen ic  act ivi ty of the f r a c -  
tions was mainly  de te rmined  by the amount  of prote in  injected at  sens i t iza t ion.  The f r a c -  
tion purif ied to the g r e a t e s t  degree  f r o m  ba l l a s t  subs tances  p o s s e s s e d  reduced sensi t iz ing 
p r o p e r t i e s .  

The need to study the sens i t iz ing  p rope r t i e s  of tetanus toxoid a r i s e s  f r o m  the demands of medica l  
p rac t i ce .  During immuniza t ion  with tetanus texoid postvaccinal  a l le rg ic  compl ica t ions  may a r i s e ,  and 
under  expe r imen ta l  conditions tetanus toxoid induces the development  of inc reased  sens i t iv i ty  of immedia te  
and delayed types [1, 3-7]. 

The object  of the invest igat ion desc r ibed  below was to obtain a f rac t ion  of tetanus texoid which would 
combine high immunogenic i ty  with reduced  a l l e rgen ic  act ivi ty.  

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

The f rac t ions  were  isola ted by ion-exchange chromatography  on a column with DEAE-cel tu lose  (work- 
ing s ize 250 • 50 ram). The tetanus toxoid used for f rac t ionat ion was purif ied by the method adopted at the 
N. F. Gama leya  Inst i tute of Epidemiology and Microbiology.  The toxin was eluted s tepwise with 0.005 M 
phosphate buffer  solution, pH 7.0, with sodium chloride in an increas ing  m o l a r  concentrat ion:  0.1, 0.2, 0.3, 
0.5, and 2.0 M; the resu l t ing  f rac t ions  were  designated 1, 2, 3, 4, and 5, r e spec t ive ly .  The antitoxin-bind- 
ing act ivi ty of the f rac t ions  was de te rmined  in albino mice  in binding units (BU) per  ml and the total  and 
prote in  ni t rogen contents were  de te rmined  by the Kjeldahl method.  The sedimenta t ion  coeff icient  and the 
homogenei ty  of the pro te ins  compr i s ing  the f rac t ions  were  de te rmined  on a Spinco (model E) u l t r acen t r i -  
fuge at 56,100 r p m .  

To obtain an a l le rg ic  r eac t ion  of immedia te  type (anaphylactic) the guinea-pigs were  sens i t ized  with 
the t es t  p repa ra t ions  adsorbed  on a lumina by a single subcutaneous injection in a dose of 2 BU. On the 30th 
day all the an imals  r ece ived  an intravenous injection of 1 ml of the or iginal  toxoid containing 40 BU. The 
s eve r i t y  of the anaphylact ic  r eac t ion  for  each group was cha rac t e r i zed  by the percentage  of s eve re  and 
lethal shock. To obtain delayed a l l e rgy  the guinea-pigs were  sens i t ized  with the p repa ra t ions  in a dose of 
1 BU mixed with F reund ' s  adjuvant in the hind paws.  On the 30th day all the an imals  were  injected in t ra-  
de rma l ly  with the or iginal  toxoid and the f rac t ion  used for  sens i t iza t ion  in a dose of 6 #g in a volume of 
0.1 ml.  The mean  logar i thm of the "volume" of the reac t ion  was calculated for  each group of an imals .  The 
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TABLE 1. Character is t ics  of Original Tetanus Toxoid and of Its 
Fractions Isolated on DEAE-Cellulose (M• m) 

Preparation 

O~iginal toxoid 

Fraction 
1 . . . . . . .  

2 . . . . . . . .  

3 . .  . . . . . .  

4 . . . . . . . .  
5 . . . . . . . .  

Specific an- ~ J 
Antitoxin- titoxin-bind- ~emT. 
binding ac- ing activity menta- 
tivity (in (kfi BU//Jg [tion'co- i 
BU/ml) protein m- ~ . ! 

trogen) effmIent [ 

895-+-53 

228• 

1 512• 122 

427• 17 

102• 
123-~104 

225+35 

6• 

212• 

29• 

1 ,6•  1 
0,7-~-0,9 

1,08 

6,81 

7,351 

3,5 

Immunogenic activity 

ED~ (in BU) 

0,95 
(1,27--0,75) 

n=187  

2,50 
(3,5+ 1,78) 

n=171 
1,00 

(1,32.0,76) 
n = 168 

0,66 
(0,86 -- 0,51) 

n =221 
Inactive 
Inactive 

m 

< 0,05 

> 0,05 

> 0,05 

Legend:  Here  and in Tables  2 and 3, n denotes  n u m b e r  of an ima l s ,  P 
the c r i t e r i o n  of  s ign i f icance  of d i f f e rences  be tween  the o r ig ina l  tox-  
oid and f r ac t i ons .  

ISed imenta t ion  coef f ic ien t  of the main  peak.  

TABLE 2. Anaphylactic Shock in Guinea 
Pigs Sensitized with Original Tetanus 
Toxoid and Its Fractions (M• m) 

Preparation 

Original 
toxoid 

Fraction 
1 . . . .  

2 . . . . .  

2 . . . . .  

3 . . . . .  

4 . . . . .  

5 . . . . .  

_Dose I 
�9 . ~  

BU ~= 

201 :ii 2,0 1 13 
2,0 24 
3,7 13] 11 
2,0 28 37 
0,3 13 33 
0,2 13 

Number of 
animals with 
lethal and 
sever e shock: 

2 i 71+7 
54 + 14 
37• 10 
54~ 15 

21159• 15 45• 
38--+8 

> 0,05 
<0,01 
> 0,05 
> 0,05 
<0,02 
<0,001 

"volume" of the reaction is the term conventionally given 
to the product of two diameters of the patch of hyperemia 
and the thickness of the area of infiltration, measured 
24 h after the reacting injection of the antigen [2]. Be- 
cause of their low content of specific antigen fractions 4 
and 5 were tested in a dose equal in its protein content to 
the original toxoid. 

EXPE RI MENTPs RESULTS 

The experimental results showed that the isolated 
fractions of tetanus toxoid differed both in their specific 
activity and in the size of their specific antigen molecule 
(Table 1). 

E a r l i e r  e x p e r i m e n t s  to s tudy act ive  p ro t ec t ion  of  
albino mice  aga ins t  a cons tan t  dose  of  te tanus  toxin 
showed that  f r ac t ions  with d i f fe ren t  m o l e c u l a r  weights  
a lso  p o s s e s s  d i f fe ren t  p ro tec t ive  ac t iv i ty .  F r a c t i o n  1, 
spec i f i c  ant igen,  p o s s e s s e d  l ower  p ro tec t ive  power  than  evident ly  a low-molecular- -weight  f r a g m e n t  of  the 

the o r ig ina l  toxoid and f r ac t ions  2 and 3. 

The r e s u l t s  of f u r t h e r  inves t iga t ions  showed that  the m o l e c u l a r  compos i t i on  of  the f r ac t ion  has  no 
dec i s ive  inf luence on the i r  a l l e r g e n i c  ac t iv i ty  (Tables  2 and 3). F r a c t i o n s  1 and 3, conta ining p ro te ins  dif-  
f e r ing  sha rp ly  in the i r  m o l e c u l a r  compos i t ion ,  c r e a t e d  d i f fe ren t  l eve l s  of  s ens i t i za t i on  in the an ima l s .  
F r a c t i o n  2 was  found to evoke l e s s  s e v e r e  skin r e a c t i o n s  and anaphy lac t i c  shock  than the o r ig ina l  toxoid,  
w h e r e a s  f r a c t i o n  3, cons i s t ing  of  p ro te ins  of s i m i l a r  m o l e c u l a r  weight  to the p ro te ins  of  f r ac t i on  2, did not 
p o s s e s s  this advan tage .  Inc identa l ly ,  these  f r ac t ions  w e r e  not homogeneous  and they conta ined s e v e r a l  im-  
pu r i t i e s ,  which m a y  have  a f fec ted  the to ta l  a l l e rgen i c  ac t iv i ty .  Since f r ac t i on  2 had the h ighes t  spec i f i c  
ant igenic  ac t iv i ty  of all  the p r e p a r a t i o n s  s tudied,  the d e c r e a s e  in its sens i t i z ing  p r o p e r t i e s  could be a t t r i b -  
u ted  to a l ower  content  of n i t rogenous  s u b s t a n c e s  in jec ted  into the an imals  dur ing  sens i t i za t ion .  In fact ,  if 
the s ens i t i z i ng  doses  of  the o r ig ina l  toxoid and f r a c t i o n  2 w e r e  equa l ized  as  r e g a r d s  the i r  p ro t e in  content ,  
the d i f f e r ences  be tween  the in tens i t i es  of  the a l l e rg i c  r e a c t i o n s  evoked by t h e m  d i s appea red .  
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TABLE 3. Intensity of Skin Reactions in Guinea Pigs Sensitized with 

Original Tetanus Toxoid and Its Fractions (M~ m) 

Size of skin reaction (mean logarithm 
Dose of "volume" em) - 

Preparation gg pro- t o  origina-----~ -- to sen-----~itiz-- - 
BU tein �9 P ing prepa- P [ toxoiQ ration 

O~iginal tox- 
oi~ . . . . . . . .  

Fraction: 
1 . . . . . .  

2 . . . . . .  

2 . . . . . .  

3 . . . . . .  

4 . . . . . .  

5 . . . . . .  

1,0 

1,0 

1,0 

1,70--2,00 

1,0 

0,I0--0,15 

0,02--0,10 

5--8 

8-- [  

3--[ 

4--1 

6--t 

2,96• 
n = 2 7  

3,03-----0,08 
n=14 
2,75~0,06 
n=29 
2,85~0,06 
n=19 
2,96+0,07 
n= 16 
2,27-----0,27 
n=10 
0,76• 
n=0 

> 0,05 

< 0,02 

> 0,05 

>0,05 

< 0,02 

<0,01 

2,96--0,06 
n:27 

3,04-~-0,1 
n=lO 
2,69-----0,05 
n=34 
2,87-----0,08 
n=18 
2,84-~-0,06 
n= 17 
2,38-----0,07 
n= 13 
0,97+0,36 
n =  13 

> 0,05 

<0,01 

>0,05 

> 0,05 

<0,001 

<0,001 

The r e s u l t s  of  t h e s e  e x p e r i m e n t s  show tha t  no d i r e c t  c o r r e l a t i o n  e x i s t s  b e t w e e n  the p r o t e c t i v e  and 
s e n s i t i z i n g  p r o p e r t i e s  of the  f r a c t i o n s  of t e t anus  toxo id .  The f r a c t i o n  1, wi th  w e a k  i m m u n o g e n i c i t y ,  was  
i n d i s t i n g u i s h a b l e  f r o m  the o r i g i n a l  p r e p a r a t i o n  in  the i n t e n s i t y  of i t s  a l l e r g i c  r e a c t i o n s  of i m m e d i a t e  and 
d e l a y e d  t y p e s .  

The n o n i m m u n o g e n i c  b a l l a s t  f r a c t i o n s  4 and 5 p o s s e s s e d  w e l l - m a r k e d  a n a p h y l a c t o g e n i c  a c t i v i t y .  

I t  c an  thus  be conc luded  f r o m  the a n a l y s i s  of t h e s e  e x p e r i m e n t s  tha t  a l l  f r a c t i o n s  of  t e t a nus  toxo id  
o b t a i n e d  b y  i o n - e x c h a n g e  c h r o m a t o g r a p h y  can  evoke  a l l e r g i c  r e a c t i o n s  of i m m e d i a t e  and d e l a y e d  t y p e s  in 
g u i n e a  p i g s .  The i n t e n s i t y  of  the a l l e r g i c  m a n i f e s t a t i o n s  a r i s i n g  d u r i n g  s e n s i t i z a t i o n  with a g iven  f r a c t i o n  
i s  l a r g e l y  d e p e n d e n t  on the quan t i t y  of p r o t e i n  i n j e c t e d .  I t  thus  fo l lows  tha t  the  a t t e m p t  to a t t a i n  h i g h e r  d e -  
g r e e s  of p u r i f i c a t i o n  of  the t e t anus  toxo id  u s e d  on a l a r g e  s c a l e  in p r a c t i c e  i s  j u s t i f i e d  and d e s i r a b l e .  

1 ,  

2. 
3. 

4, 

5. 
6 .  

7. 
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