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In the gel diffusion r eac t i on  the antibody concent ra t ion  is d i r ec t l y  p ropor t iona l  to the antigen concen-  
t r a t ion  at  which the p rec ip i t a t ion  band d i s a p p e a r s  (in the zone of ant igen excess ) .  The concent ra t ion  of 
ant ibodies  in immune s e r a  can thus be de t e rmined .  

The gel diffusion reac t ion  is now widely used  for the ident i f ica t ion  of ant igens and its sens i t iv i ty  is  
much h igher  than that of the p rec ip i t a t ion  t e s t  in tubes.  W o r k h a s  the re fo re  been done r ecen t ly  on the use 
of this  r eac t ion  for  the quanti ta t ive de te rmina t ion  of antigen [3, 4, 6, 7]. 

In the inves t iga t ions  ci ted,  the antigen concent ra t ion  was de t e r m i ne d  by c om pa r i s on  with the r e su l t s  
of paral~eI t i t r a t ion  of a s t anda rd  solut ion of the s a m e  antigen.  

It is  known f rom the l i t e r a t u r e  that  the p r ec ip i t a t e  d i s so lves  r e a d i l y  in the zone of excess  of antigen. 
There  was r ea son  to suppose  that  for each dose of ant ibodies  there  must  be a ce r t a in  concent ra t ion  of an t i -  
gen at  which the p rec ip i t a t ion  band fo rmed  in the aga r  in Ouchte r lony ' s  t e s t  must  d i sappea r ,  and that this 
could be used  for  quant i ta t ive  de te rmina t ion  of the ant ibodies .  

A c o m m e r c i a l  p r e p a r a t i o n  of bovine s e r u m  albumin was used in the work.  An t i s e r a  aga ins t  i t  were  
obtained by immuniza t ion  of r abb i t s .  The antibody concent ra t ion  in the a n t i s e r a  was de t e rmined  by Heide l -  
b e r g e r ' s  method [5]. 

The gel diffusion r eac t i on  was c a r r i e d  out in Gusev and Tsve tkov ' s  mic romodi f i ca t ion  [2] of Ouch te r -  

l ony ' s  method.  

Mel ted  aga r  was poured on to a g lass  s lab divided into three  equal pa r t s ,  so that  5 ml was appl ied  to 
each p a r t  (s t r ip) .  Af ter  the aga r  had sol id i f ied ,  the s lab  was t r a n s f e r r e d  to a humid chamber .  Slabs were  
used  the s ame  o r  next day.  Before  use ,  wel l s  6 mm in d i a m e t e r  were  cut out of the aga r  by means  of a 
punch. An t i se ra  were  poured  into the cen t ra l  wel l s  in a given dilution, while antigen in di f ferent  concen-  
t r a t ions  was poured  into the p e r i p h e r a l  we l l s .  The s labs  were  then al lowed to s tand at room t e m p e r a t u r e  
in the humid chamber  for 20 h, a f t e r  which the r e s u l t s  of the r eac t ion  were  r ead .  The concent ra t ion  of 
antigen at  which the p rec ip i t a t i on  band d i s a p p e a r e d w a s t h u s  de t e rmined .  

The expe r imen t  was c a r r i e d  out in two s t ages .  In the f i r s t  s tage each di lut ion of s e r u m  was t i t r a t e d  
with d i f ferent  di lut ions of antigen, the d i f fe rences  between the concent ra t ions  in two s u c c e s s i v e  di lut ions 
amounting to 5-10 mg p r o t e i n / m l .  The concent ra t ion  at  which the p rec ip i t a t i on  band was no longer  r e c o r d -  
able  was de te rmined .  An example  of such a t i t r a t ion  is i l l u s t r a t e d  in F ig .  l a .  

In the second s tage the same dilution of s e r u m  was t i t r a t e d  with di lut ions of antigen f rom a point 
without p rec ip i t a t e  to a point where  a p rec ip i t a t i on  band was p resen t ,  a t  i n t e rva l s  of 1 mg. A spec imen  of 
such a t i t r a t i on  is i l l u s t r a t e d  in F ig .  ]b. In this  way the boundary  of the antigen concent ra t ion  at which the 
p r ec ip i t a t i on  band d i s a p p e a r e d  could be de t e r m i ne d  p r e c i s e l y .  Fou r  a n t i s e r a  aga ins t  bovine s e r u m  albumin 

w e r e  t e s t ed  by this  method.  
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TABLE 1. Relationship between Antibody Concen- 
tration in Antiserum against Bovine Serum Albumin 
and Antigen Concentration at Which Precipi tat ion 
Band Disappears 

Antigen 
pro- I 
rein I 
(~n 
mg) 2,8 

Anti- 

body 24,37 nitro- 
gen 

(in ~g) 

4,0 

32,5 

4,0 5,0 

36,2 43,5 

6,0 8,0 

48,7 54,5 

8,0 9,0 

65,0 70,5 
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Fig. 1. Titration of serum with different doses of antigen: a) ant iserum di-  
luted 1:4 in center,  antigen in doses of 5, 10, 15, and 20 rag pro te in /ml  (wells 
contain ].25, 2.5, 3.75, and 5 mg protein); b) se rum diluted 1:4 in center,  ant i-  
gen in doses of 16, 17, 18, and 19 mg prote in /ml  (wells contain 4.0, 4.25, 
4.5, and 4.75 mg protein).  

Fig. 2. Relationship between antibody concentration and antigen concentrat ion 
at which precipi tat ion band disappears .  Abscissa ,  content of antigen protein 
(in rag); ordinate, content of antibodies (in pg nitrogen). 

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

The resul ts  of severa l  experiments  a re  given in Table 1. Their  compar ison shows that the following 
relat ionship exists between the antibody concentration in the ant iserum and the antigen concentrat ion at 
which the precipitat ion band disappears  (in the zone of excess antigen): with an increase  in antibody con- 
centrat ion the dose of antigen causing disappearance of the precipitat ion band also increases .  

This relationship can be expressed  by a s traight  line (Fig. 2) passing through the zero  point and d e s -  
cribed by the equation of direct  proport ionali ty y = kx. In this equation y represents  the concentrat ion of 
antibodies in the tes t  ant iserum and x the concentrat ion of antigen in the zone of antigen excess  at which the 
precipi tat ion band is absent; the coefficient of proport ionali ty k can be calculated as the mean for the points 
shown on the graph. In the experiments  with bovine serum alubmin it was 9.1=~0.33~ By means of this equa-  
tion the antibody concentrat ion in an unknown se rum can be determined with accuracy .  

The resul ts  of severa l  such determinations are  given in Table 2, where they are  compared  with data 
obtained by test ing the same ant isera  by Heidelberger ' s  method. 

It will be c lear  f rom Table 2 that the concentrat ion of antibodies determined by the two methods did 
not differ significantly. The differences lay within l imits  of 0-12%. 
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TABLE 2. Results of Determination of Antibody 
Concentration by Heidelberger ' s  Method and by 
Gel Diffusion Reaction 

Concentration of antibodies (in 
Pg Nz/ml) 

by Heidelberger' s 
method 

24,4 
36,2 
48,7 
65,0 
97,5 

108,0 
390,0 

by gel diffusion 
reaction 

25,5 
36,5 
54,7 
72,9 
91,2 

109,4 
410,4 

Difference (in %) 

4.5 
0 

12,3 
12,1 
6,4 
1,3 
5,2 

The gel diffusion react ion can thus be used to determine the concentration of antibodies in unknown 
ant isera  provided that the tests are  ca r r i ed  out in the zone of excess of antigen. It must  also be pointed 
out that if an ant iserum with a known concentrat ion of antibodies, determined by the methods of Heidel-  
b e r g e r  [5] or Gurvich [1], is available the opposite problem can be solved: the unknown concentration of 
antigen can be determined by using the equation given above. 
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