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The proposal to use file reaction of anaphylaxis to detect the individual components of the antigenic corn,  
plex is based, as we know. on the idea that it is more sensitive than serological methods. However. as was shown 
in previous reports [1 .2 ]  the use of the anaphylaeitc reaction for this purpose is beset with seriou~ difficulties 
and a number of conditions must be rigidly complied with. Further, the great improvements which have taken 
place in recent ),ears in serological metheds of investigation must be borne in mind. The question of corr~parison 
of the two methods naturally arose, in order to determine whether and in what conditions file anaphylactie reac-  
tion was more sensitive than the serological examination, and whether tile level of sensitivity of the latter could 

be increased to that of the former. 

"i-his question could be answered by comparing tile minimum dose of antigen to Which guinea pigs sensi- 
tized passively with varying amounts of immune serum wouId react with file dose of antigen which could be  

detected by tile same serum in experiments in vitro. 

EXPERI /v lENTAL M E T H O D S  AND R E S U L T S  

Guinea pigs were injected intravenously with immune serum to horse albumin in different doses from 0.3 
to 0.002 ml per 100 g body weight; the corresponding possible (maximuln)  content of immune serum in the 
body of tile animals in t~ie different groups was calculated. In order to produce an anaphylactie react icn,  ant i -  
gen (horse serum) was injccted (24 hours after injection of the immtme serum) also in different quantities~ so 
that by calculation ill relation to file weiOlt of the animalsi ts  concentration in the body varied from 1 : 5o0 to 

t : 160.000. 

The resu!ts of the experiments are given in Table 1. It was shown that with the smallest dilution of 
immune serum ( 1 : 320) a clear anaphylactic reactioia could be obtained if the antigen was injected in quantity 
to give a concentration in the body of the animal of 1 : 80,000. As shown in Tables 1 and 2, at such a dilution 
the antigen is found very clearly also by an in vitro experinaent by means of the complement fixation reaction 
wit.h immune serum diluted 1 : 1 0 0  and even 1 : 400. However a clear anaphylactie reaction was also observed 
when the antigen content of the animal  was lowered (to 1 : 6400 and even to 1 : 256,000) if the quanti ty of ant i-  
gen injected was increased and its final concentration in the body of the animal reached 1:10,000 cr over. By 
the serological method it was not possible to detect the antigen in this dilution even when immune serum was 
injected up to a concentration of 1:1600 or over. 

The results obtained showed that tile great sensitivity of the anaphylactic reaction was due to the fact 
that it requires a relatively small quantity of autibody. This is presumably because the an t igen ' an t ib~  com-  
plex formed is iimdequate for adsorption of complement but may act as a stimulus to the animal .  With an 
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Immune scrum of high tltcr and uscd in small dilutions, antigen may be detected by means of the serological 
method in the same minimal  quantity as by means of the lit vitro experiment. Unfortunately it Is not certain that 

immunization with tumor material produces an hmnune serum with a hl~J~ content of antibody to file tumor 
cells. This gav e rise to the qttestiOll whefl~er It is not possible to Increase tile sensitivity of the seroreaction at 
tiffs particular antibody tiler. This would obviously require the introduction of a larger amount of antibodies 
into the reacting tnlxture, | . e . ,  if  the dilutiotl of the serum Is unchanged then it would have to be Injected in 
larger volume. In fact, when this same immune scruff1 which was used in file experiments described above was 
tested by the complement fixation reaction in a dilution of 1:6.100 but in ten times ff, e volume of the antigen, 
a positive results was obtained with a high dilution of antigen (over 1 ; 64,000). In this case the results of the in 
vitro experiment were not inferior to flmse of the passive anaphylaxis experiment fn guinea pigs wttid~ had been 
sensitized by fl~e same immune serum in doses of such a size that the concentration of antibody in the animals 
was equal to that used in the serological ekperimcnt (Table 3). 

T A B L E  1 

Detection of Horse Albumin by Means of the Anaphylactic Reaction with Passive Sensiti- 

zation 

Concentration of I Reaction of the animals in which immune serum had been injected to 
antigen injected as I cause sensitization in an amount of: 
the assaulting dose] ~ - ~ ~ ~ 
into the guinea pig] n : ~  1:3~_0o 1:6~'0o I : x 2 8 ~  1:~.5600 
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Meaning of symbols: , + ,  marked anaphylactic shock; +§ clear reaction with marked 
btonch0spasm (spasmodic cough); + weak reaction: sneezing, scratching, repetitive 

movements, shortness of breath. 

In view of these results it was important to discoverif it is possible by immuuization with a mixture of 
antigens in different quantitative proportions to obtain antibodies in adequate tiler to the "minor ~ antigen and 
if antibodies to the "minor" antigen could be retained in tile serum after removal of file antibodies to the 

"major ~ antigen, 

For this purpose rabbits were immunized with a mixture of horse and rat sets, in proportions Of 50:1 
and 2.50: 1. The total quantity of "miuor" antigen (rat serum,) injected was 0.0,t ml per I kg body weight of 
tile animals in the first group, and 0.008 ml for the second group; this was divided into 4 intravenous injectiolls 
given at intervals of 4-5 days. Antibodies to rat serum were obtained in two of the three animals of the fi'rst 
group and in one rabbit out of three in the second group. 

The content of antibodies in the blood in two pairs of rabbits which had been immunized with corres- 
ponding do~es of rat serum alone was found to be higher. It should be mentioned that by using the method of 
a large volume of antibodies it is possible to increase considerably file sensitivity of the seroreaction. By fills 
method, in experiments wifll sera obtained from rabbits immuuized with a mixture of antigens, the importance 
wa~ clearly shown of optimum proportious between the reacting components: tile reactions were negative wlth 
a larger dose of antigen and positive at higher dilutions. 

lit another series of experiments rabbils were immunized with a mixture of so-called "weak" antigens, 
i .e. ,  nuclcoproteins front organs of tile h~lrsc and rat in proportion Of 50: I , so that tile calculated qltantity 



of proteins of the "major" antigclis ltljectcd was 32 Ing and that of die "minor" autlgcu~ was 0.04 n)g for the 
Whole e},cle of imlm,Hization (4 iutraveuotts injections at imcrvais of 4-5 days). In this case antibodies to the 
"mitior" alltigen were detectcd (in dilutions of scra of 1 :25  attd antigen up to 1 : 100) hi all 3 rabbits In the 
experiment0 but at a lower titet than in animals Immtmizcd hy the " m i , ~ "  antigen alone in the same dose 
( in this case c lear  positive results were obtained also in serum dilutions up to 1 : 100 with antigen in dilutions 
of 1:100 and 1 : 200). 

Investigation of the problem of preservation in the serum of antibodies to the "minor ~ antigen after re-  
moval of antibodies to the "major" antigen was made.necessary by tl:e fact that in experiments with soluble 
antigens we had to resort to a number of additional manipulations (dialysis of the sera and fractionation) which 
might affect the content of antibodies. 

T A B L E  2 

Detection of Horse Albumin by the Complement  Fixatio~ Reaction with Various Dilutions 
of  Immune Serum and Antigen 
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Meaning of symbols: r162 total suspension of hemol)~is with a do,..,ble dose of com-  
plement ;  +++ par t ia l  suspension of hemol)'sis with a double dose and total suspension 
with lt/2 doses of complement ;  +§ total sdspension of hemolysis with l~'z doses of com-  
plement ;  + part ia l  st~sj~:nsion of hemolysis with one dose of complement .  

In setting up experiments with immune sera obtained by immunizat ion  with a mixture cf two "potent~ 
antigens, as a first step the dose of the '7major" antigen was determined which was sufficient to comple te ly  
extract die correspond!ng antibodies.  Exliaustiorl of the sera was brought about by doses which were 4 and 10 
times greater .  It was found that antibodies to the ~,aajot~autigcn were comple te ly  extracted and they could 
not be detected by the large volume method. At the same t ime antibodies to the "minor" antigen were re-  
tained in the serum, although in a somewhat redfaced amount.  In these cases it was possible by using ttle method 
of large volumes of immu,le serum to detect  by means of these sere very small  quantities of the "minor" antigen.  

Less clear  results were obtained in experiments with sere from rabbits immunized with a mixture of the 
so-ca l led  weak antigens. In order to achieve complete  exhaustion of these sere frpm the "major"  antigen 
(horse nucleoprotein) re la t ive ly  larger quantities were required than in the similar  experiments with sera against  
strong antigens (100-200 mg of protein against 20 ml for 1 ml of serum). After such t reatment  the reactions 
with the "minor" antigen were weak and not sufficiently c lear .  

D I S C U S S I O N  OF R E S U L T S  

As shown by the results described,  the super,'ority of the anaphylact ic  react ion over serological  invest iga-  
tions lies in the fact that with it i t  is possible to detect  antigen with a low concentration of antibodies,  insuf- 
ficient for giving a positive result in experiments. in vitro. It is necessary to make use of the high sensitivity 
of the l iving react ing s ~ t e m  but to reduce so far aspossible  the difficulties inherent in experiments in vivo,  
described ill previous reports [1, 2]. For this purpose passive auaphylaxis could be tried,  e::chlding desensi t iza-  
tion. i . e . ,  sensitizing g~tinea pigs with turnout antiserum from which the ant i l~dies  to normal tissues had been 
extracted. It is pos~-ible that in ttle presence of specific (tumor) alitibodics they would prove adeqt~ate to 
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produce a reaction hi die att imal to Injection of tumor mater ia l .  This method would rcmove many difficulties: 
total exhaustion of rite im|l |une serum could be checked with sufficient accuracy; the anhnal  would not be sub- 
jectcd to repeated and far front indifferent influences before the experiment;  al l  controls would be clear and 
straightfon, tard. It shotlld be pointed out that p i lo t  expetinletlt~ to study this method gave positive result, .  How- 
ever a deta i led quanti tat ive anal~isis is rcquircd,  and this must be one of die next tasks to be undertaken in the 
Investigation. 

Furthermore tim ~esults of  the experimenta show. from the characteris t ic  features of the serological method, 
that this method should not be abandoned in the study of the antigenic properties of tumors; on die contrary 
there are grounds for reckoning on increasing Iu  sensitivity and accuracy of reading.  Already two polnu can 
be  mentioned which focus at tention in this direct ion:  1) con.~ideration must be paid to ~ e  law of optimum pro-  
portions, and the serological  examinat ion must be carried out with various doses of test mater ia l  (the so-cal led 
"square" scheme~ 2) the results obtained must be ehec]~ed and supplemented by experiments by the medlod 
of large volumes of ant ibodie , .  

T A B L E  3 

Comparat ive Sensit ivity of the Anaphylact ic  and Complement  Fixation Reactions, Using 
file Meflrcxl of  a Large Volume of  Antibodies 

. ~ Experiment.in ,(ivo 

eoncen~ation of ] content of immune serum 
antigen in the ]in the guinea pig~ with 
assaulting dose in-!passive, sensitizatiop 
j e t t ed  into the ] - -  

I 
guinea pigs ~ I:le~C0 Izl~00 1:241x30 

�9 Experiment in vitro 

dilution of [ d i lu t ionof  immune serum 
antigen 

i : IGCO 1:6~1C0 1:25600" 

I : IOCC0 IDled ) 

! : ,10 UJ0 IDled 
1++- 
! 

+ + +  
r 4(-v++) 
q +  
++  

+ i : 16GCO 
+ 1 : {4 COO 
+ I : 256 CCO 
ar 1 : i 024 CO0 

1 : 4 1399 COO 

+ + + +  
+-, + ~- 
+ + + +  

+ +  

+ + + +  
+ + + +  

++ 
++ 
:L 

Meaning Of rite symbols is the same as in Tables 1 and 2. 

However it  must be s tated that the above-mentioned anal)sis related to sera which had been obtained by 
immunizat ion of animals widt a mixture of two different antigous. I t  is ex t remely  important  to perform similar 
experiments with a mixture of related antigens, i . e . ,  possessing common antigenic groups. In the results quoted 
it was mentioned that exhaustion by a large amount of horse nucleoprotein (and subsequent treatment)  extracted 
a large proportion of the antibodies to rat  nucleoprotein front the sera of rabbits which had been innnunized 
with a mixture of these t~r antigens in a proportion of 50: 1. Attentiotl was directed tO the fact that the sera 
of rabbit~ immunized against horse nucleoprotein alone, also reacted with antigen obtained from tissues of the 
rat although, natural ly,  much more weakly than with the homologous antigen. If this is on accotmt of common 
components in the ptepa~ratious used. uhen a careful study of the conditioi~ in which i t  is possible to differenti-  
ate the individual antigenic components.forming part of the common groups is aq urgent future task in the in-  
vestigation.. This must first be tmdertaken in suitable experimental  animals .  

This careful study in suitable exper imental  animals also applies to new methods which have been intro- 
duced into serological research, such as: 1) replacement  of the complement  fixatiot~ react ion by die agglut ina-  

�9 tion reaction with pre l iminary adsorption of antigen on the surface of ceils or part icles of a fip.e suspension, 
and 2) die precipi tat ion reaction in a gel wi th  counter diffusion of antigen and antibodies.  

Finally we must deal with one aspect of pr inciple ,  namely  the character of tumor antigens and their 
corresponding antibodies.  There would appear to be  adequate grounds for considering that they belong to the 
group of autoantigcns. In this ea~c it must be remembered that autoantibodies may belong to the " incomplete"  
categot)" and consequently req~,ire special metbcSds for their detect ion.  Is it v, ot because there is so much that 
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is difficult, m~explalned a,ad even questionable about tumor a,ltil~e,l~ that we have so far failed tO come near 
to a correct determination of d~eir esse~tlal character and to study them 7 Investigations In the light of 
modern ideas on autoant lge~ and autoantlbodies .~re fl'erefore of urgent Importance. 

SUMMARY 

Sensitivity of file general methods was compared. For that purpose the following determinations were 
carried out: 1) the minimal dose of the antigen, to which guinea pigs, passively sensitized by various doses 
of  the corresponding Immune serum, reacted and 2) the quantity of the antigen which could be determined 
by the same Immune serum In experlments in vitro. Anaphylactic reaction was found to be more advantageotts 
in experiments wid, !ow doses of immt~ne serum. Sen:itivity of the serological mefl~od could be increased in 
conducting experiments by the so ealledo ~ scheme, which takes the law of optima!rat ios into 
consideration, as well as by using the ; .~thod of large volume of antibodies. In order to reveal the components 
of  the complex antigen one should study the method of passive anaphylaxis by sensitization of animals b)' im-  
mune sera. in which the antigens of the normal tissues were previously exhausted In vitro. 

"lhe problems which are next to be investigated are, the methods of differentiation of ~ntigenic compo- 
nen~ which possess common antigenic groups, the characteristics of the new serological methods, the problem 
of tumor antigens with consideration of conceptions on autoantigens. 
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