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The object of this investigadoa was to study the hemagglufinating antibodies appearing in the blood 
of guinea pigs during their immunization with heterogenir s e t s .  

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

The antigen used for immunization of the animals and in the serological experiments was the native 
serum of a cow, of hens, and of other apimals. 

Guinea pigs and albino rats  received intraperitoneal injections, each of 0.16-0.8 mg serum protein 
{in 1 ml of dilute serum), not less than 3 times at inter'r of 7 days. Blood was taken from ~he animals 
on the 7th day after each injection. Before testing the se ra  were kept at -25~ ' In the serological  tests  a 
mixture of the se:~ of three a n i m u s  immunized ~'ith one batch of antigen was f i rs t  used, but later  samples 
of serun- from ir.di~adual guinea pigs were tes'.ed. For  the titration of the immune se ra  double dilutions 
were prepared,  starting with 1 : 10. The heterogenic serum, after  pre l iminary exhaustion to remove het- 
erophilic ant i-er : : throcyte antibodies, was used in all the ex-periments in dih, tions of 1 : 260 or  1 : 100, 0.1 
mt of this serum being added to 0.1 ml of the immune serum. 0.2 ml of a 1~ suspension of washed er)q.h- 
roc3-tes in isotonic NaCI solution was added to a mixture of the two sera .  The order  of mixing the reagents 
had no influence on the results  of the test.  

The complement fixation reaction was performed with two doses of the sertun in the cold, wt thcon-  
tact fox: 1S h, by ,.he drop method. 

EXPERIMENTAL RESULTS 

The phenomenon of serum hemagglutination was observed when the highly diluted heterogenlc serum 
and the homologous serum of the immunized animals were added to a suspension of g~ilne~ pig's erythro- 
cytes.  

In prel iminary experiments hemagglutinating activity in relation ~o guinea pig 's  eryt~hrocytes was 
detected in I 1 of the 12 pt~led sera  and in 3 individual se ra  obtained from 51 guinea pigs immunized with 
antigens containing cow serum.  

In the course  of the study of hemagglutinins in the blood of the immunized animals during the period 
of immunization, a further 68 samples of serum were investigated from 15 guinea pigs, and antibodies 
were found in 10 of the 12 animals examined on the 7th day after  the second injection cf antigen. After 
the ,lrd and subsequent injections ant i -erythrocyte  antibodiez were found in all the guinea pigs (Fig. 1). 

:['he erythrocytes  obtained from the guinea pigs at the same time as the samples of serum were 
indistinguishable from the e~ ' th rocy tes  of the unimmunized guinea pigs in their ability to undergo agglutina- 
tion. No isohemagglutination was found during work with diluted sera  in any of the control experiments.  

The phenomenon discovered co, dd be regarded as a reaction of indirect agglutination of erythroeytes  
sensit.~zed by the antigcr, a reaction ,f the Sokolov 11] or  Boyden [31 t),pe, were it not for certain differ-  
ences. The m o s t  importar t  of these were the active adsorption of antigen by erythrocytes  untreated with 
tannic acid (this is also oboe,. ,-od, by the way, in the Sokolov reaction} and the s tr ict  species specificity 
of the reaction against the erythrocytes  of an immunized animal. 

To study the adsorption of the antigen by the erythrocytes ,  its concentration in the suspension was 
determined by ti trating the supernatant after sedimentation of the erythrocytes  by centrifuging. To each 

~nstitute of Pediatr ics,  Academy of Medical Sciences of the USSR, Moscow { p r e s e n t ~  
bet  of 1Lhe Academy of Medical Sciences of the USSR, L .Z .Zi l 'ber ) .  Translated from Byulleten' l[lmperimen- 
tal 'noi Biologii i Meditsiny, Vol. 63, No. 1, pp. 63-67, January, 1957o Original ~ rt icle submitted Febrv.ary 1, 1965. 
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Hemagglutinat ing act ivi ty  of 
guinea pigs '  s e rum during immunizat ion.  
Along the axis of o r d i n a t e s - r e c i p r o c ~ s  
of l imit ing dilution of s e r u m  with which 
the phenomenon of hemagglutinat ion was 
sti l l  observed .  

A n t i g e n  

D i l u t i o n  o f  ac, t i g e n  

Fig.  2. Elution of s e rum antigen by wash-  
ing "sens i t ized"  e ry th rocy t e s .  1) hemag-  
glutinating activi ty of  s e r u m  against  % e n -  
s i t ized"  eryLkrocytes  during repea ted  
washing with physiological  sa l ine .  Each 
observa t ion  co r re sponds  to success ive  
wa.~hing in 10 t imes  i ts  volume of phys -  
iologica[ sal ine;  2) t i t e r  of antigen in the 
liquid phase of a suspens ion of e ry th rocy tes  
used for  de termining  the hemagglut ina t ing  
ac.qvity of a s e r u m .  Along the axis  of 
absclss~s-reciprocal of the c-~Iculated 
dilution of the antigen In the erythrocyte 
suspension during washing. 

dilution of antigen, immune serum in a dilution of i : !00 
(4-8 hemagglutinating units) and f resh  er~throc3r were  
added. A dec rease  in the concentrat ion of antigen, 
p re sence  of v.,b3ch was essent ia l  for  the ~gg~utfrtattonde- 
s c~bed ,  was regtflarly observed in the diluted cow's  s e rum 
t rea ted  with e ry th rocy tes  of healthy g'ainea pigs. The ad- 
sorpt ion  was increased  with an inc rease  in the concentrat ion 
of the e ry throcy te  suspension.  However, a 40c~ suspension 
did not e>~ract more  than 70% of the antigen f rom the dilute 
se rum,  if the adsorpt ion took place at room t e m p e r a t u r e  
or at 4% 

The bond between the antigen and the erythroc>d~es 
was unstable.  The adsorbed antigen was complete ly  removed  
f rom the erythroc~r b y  repeated {from "4 to 7 t i m e s ) w a s h -  
~.ng of the e ry th rocy tes  in a la rge  volume of isotonic sodium 
chloride solution. During the washing of the er3~.hrocytes a 
suspension of "sensi t ized"  e r f i h rocy t e s  could be obtained, 
and no antigen was found in i ts  Hquid phase (Fig.  2). This  
suspension could be ' ~ e d  to detect  the hemagglutirmting a c -  
t ivity of a set, t in without the addition of dilute cow's  sex-an 
to it. 

The washed e ry throcytes ,  comple te ly  f ree  f rom antigen, 
did not lose the p rope r ty  of readsorbing  ~tt igen f rom the 
medium.  The agglutina~on t i t e r  of these e ry th rocy tes  c o r r e s -  
ponded tO the agglutir~tion t i te r  of the un t r ea t ede ry th rocy tes .  

The concentrat ion of antigen in the medium had no 
significant effect  on the hemagglutinating activity of "~e 
s e rum within a wide range:  f rom 400 to 2 mg~,  e x p r e s s e d  
as total s e rum prote in .  A fu r the r  dec rease  in the concen t ra -  
tion of antigen led to the appearance  of a zone of dep res s ion  
of the react ion in low dilutions of the immune s e rum.  

The second and mos t  important  difference between 
the descr ibed  reac t ion  and the well known methods of indi rec t  
hemagglutination was ttm p rec i s e  species  Specificity of ag-  
glutination of the e r )2hroc f i e s .  In the preseiat exper iments  
the immune s e r a  of the guinea pigs agglutinated only the 
ery throc)~es  of these ar~mals .  Erythroc3~es of sheep, .hens, 
rabbi ts ,  ra ts ,  and raan, in the p r e s e n c e  of cow's  se rum,  
were  not agglutinated by the "ant i -cow" serum of the guinea 
pigs.  In albino ra t s  immmfizvd by the s ame  antigens, hemag-  
glutinins against  thei r  own er~ .hrocytes  were  seen i r r e g u -  
l a r ly .  

Besides  specles~spec!fici ty,  s t r i c t  specifici*~y of the 
react ion  agains t the beterogenie  antigen used  for  immuniza -  

tion of the animals was also observed. The erythrocytcs of the guinea pigs were agglutinated by 
"anti-cow" serum only in the presence of cow's serum but not of other sera. The results of pre- 
l iminary experiments in which guinea pigs were immunizedwith other heterogenic sera  showed that the 
hemagglutinins thus formed corresponded to the species  of the heterogenic serum. (Table 1); 

Whenthe titers of hemagglutinating activity of the serum were compared with the level of  antiserum 
complement-f ixing antibodies, no direct relationship was found between them (Table 2). 

An attempt was made to exhaust the antiserum antibodies by precipitation, mixing the immune serum 
with eow~s serum.  From 4 to 5 t imes in Succession,  a t t n ~ r v a l s o f 4 0  rnin, antigen diluted 1 :16  was added 
to 1 porl~ton of the immune serum, diluted initially 1 . 2  with salt solution. Addition of the 1st and 2nd 
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TABLE 1. Specificity of the Hemagglutination Reaction 
against the Heterogenie Com~onent of the Complex Antigen 

Antigen used for immuniza-  
tion of animals 

Cow's serum 

O ~  
~.~ 

859 
742 
86~ 
89~ 
892 

77 
78 

102,3 
1024 
1025 

Titer  of hemagglutinins 
of immune sera  in the 
presence of different 

s e r u m  antigens 

hen's  
[ bit 's  

<10 <10 

<10 < 1 0  
<I0 i<10 

H e n ' s  s e r R i n  

Rabbit 's  serum 

O W l [  

32O 
640 

t280 
640 
320 

. 

<10 
<10 

<10 
<10 
<10 

<10 
<10 

32 
16 

<10 
<10 
<10 

<i0  
<10 

,:10 
<10 

.60 
80 
40 

human 

<10 
<I0  
<10 
<10 
<10 

<I0  
<10 

<10 
<10 
<10 

TABLE 2. Hemagglutinating Activity of Serum 
of Guinea Pigs Lnamunized ~-ith Cow's Serum, 
Compared v,-ith Cornpiement-Fixing Antibodies 

Serum 
No 

709 
792 
841 
861 
863 
866 

$90 
891 
892 

614 
617 
~59 
742 
839 

Content of cow's  
sertun in antigen 
used for im-  
munization r 
mg~ of total 
serum protein} 

1.0 

0.5 

0.2 

Titer  of antibodies 

hemag-  
glutinins 

20 
320 
160 
320 
~ 0  

1280 

640 
40 

320 

640 
40 

320 
640 

20 

,,antiserum 
comple-  
ment-  
fixing anti- 
bodies 

<10 
<10 
<10 

80 
40 

<10 

<10 
<10 
<10 

40 
<10 

40 
20 

<10 

TABLE 3. Exhaustion of Immune Serum by 
"Sensitized ~ E r y t h r o c ~ e s  
Nu'mber of 
repetitions of 
experiments 
inwhJch 
s e r u m  W a s  
t reated with 
e rytl-~rocytes 

f 
2 
3 

Titer  of hemagglutinating serum 
a f a r  t reatment  

before 
with. normal[ vdth' sensi-- 

t rea t -  e ry th ro -  [ tized erytho-  
ment ,e)~es [ cytes 

32o ] 20 
320 240 [ < 10 

240 [ < 10 

portions of antigen led to the formation of aprecipi tate,  
which was removed each time by cent r i fu~ng.  The 
supernatant after each extraction of the precipitate 
was  ti trated to determine the hemagglutinating activity 
of the exhausted mixture.  The dilutions of antigen 
and serum in the control ser ies  corresponded to those 
in the  experimental.  In the control the reagents were 
mi-xed in each dilution immediately before addition of  
the erythrocytes .  Extraction of the ant iserum anti-  
bodies into the precipitate did not cause a reduction in 
the hemagglutinating activity of the serum.  Hence, 
the agglutination of the erythrocytes  described above 
evidently was not associated ~ith the presence of 
antibodies against heterogenic protein in the immune 
sera .  

The species specificity of the reaction against 
the erythrocytes  of the guinea pig, together with the 
negative results  of the attempt to extract  the hemag- 
glutinins with heterogenic antigen used for  immuniza-  
tion of the animals, demonstrated the presence of 
specific ant i -erythrocyte  antibodies in the serum of 
the guinea pigs, the specificity of w.hich was de te r -  
mined equally by the antigenic s t ructure  of the e r y ~ r o -  
cyte and of the heterogenic antigen or  hapten. The 
presence of antibodies against such a complex antigen 
was confirmed by direct  experiments in which the 
se ra  were e x l ~ s t e d  with "sensitized" exTthroeytea 
(Table 3). 

After treatment f :3e immune serum with a 
25% suspension of "sensit ized ~ erythrocytes ,  the t i te r  
of the hemagglutinating activity was reduced 16 t imea. 
Repeated treatment of the serum led to its complete 
exhaustion. In the control experiments,  t reatment  o f  
the serum with normal erythrocytes  produced no ap-  
preciable decrease  in its activity. 
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Tihe bispecif ici ty of the detected antibodies places  them in the same category as the antibodies sen-  
sitizing human sldn [4], or  other antibodies of the reagin tb~pe found in animals  [2, 5]. The appearance  of 
hcmagglutinins in the blood can only be explained by autoimmunization of the guinea pigs by a complex  
antigen formed in the body by adsorption of heterogenic antigen by the ezs, throcytes .  Such autoantigen~ 
and the corresponding antibodies may perhaps  play an essent ia l  role in al lergic  react ions.  

1o 
e., 

3 ,  
4, 
5. 
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