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The problem of the changes in the antigenic properties of tissues of the amphibia in the course of their 

individual development is not yet solved. The results of research in this field are very contradictory. Some 
authors [2, 13] consider that the antigenic properties of tissues of the amphibia do not change in the process of 
development. These authors' f~ndings are not, however, in agreement with the results of other investigations 

[3-7, 10-12]. 

In order to shed light on the problem of the changes in the antigenic properties of the tissues of amphibia 

in the process of ontogenesis, we decided to carry out a special investigation. 

We also had the aim of ascertaining the degree of interspecies similarity of the antigenic properties of 
the tissues of larvat and adult forms of Anura with the analogous tissues of adult members of Urodela. 

The immunological study of the interspecies relationships, taking into consideration the various stages 
of development, appeared to us to be of interest, since research in this direction has been carried out only on 
adult forms [2, 8, 9]. The sole exception is the work of I. L. Krichevskii [7], devoted to the comparative study 
of the antigenic properties of the tissues of the tadpole and the adult frog and the antigenic properties of the 
tissues of the triton. We have carried out a similar sort of investigation [1], differing from Krichevskii's work 

by the fact that we used muscle tissue and not the animals in toto. 

In the present investigation a comparative study of the antigenic properties of the tissues of the heart was 

made. 

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

In the experiments we used the heart tissues of the tadpole, the frog (Rana temporaria) and the triton 
(Triturus taeniatus). As antigens we used a saline extract of the heart tissues of tadpoles taken at various 
stages of development (0, I-IiI ,  IV according to L. Blacher), and also saline extracts of the heart tissues 

of the frog and triton. Immune rabbit sera were prepared against the saline extract of the heart tissues of the 
frog and triton, The method of preparation of the extract and of the immune sera was described previously [ 1]. 
Complement fixation tests were carried out with the sera obtained and with all the above-mentioned antigens. 
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TABLE 1 

Results of the Complement Fixation Test by Antisera to the Heart of the Frog 
and Triton with Antigens from the Heart of the Frog, Tadpole and Triton 

Sera 

Against the 
frog's heart 

Agaimt the 
trtton's 
heart 

Dilution 

Antigens from the heart 

1 : 2 0  
1:40 
i : 8 0  
1 : 1 6 0  
1 : 32C 
1:640 

20 
40 
80 
160 
320 
640 

the frog 

+ + + +  
+ + + +  

+ + + t  
+ + +  
+ 

h 

+ + +  
+ +  
+ 

h 
h 
h 

stagls of de~elo 

0 1--111 

the tadpote 

~m ent 

+ + + +  + + + +  
+ + +  + + +  

+ + 
h 
h h 

+ + +  + + +  
+ + +  + + +  
+ +  + +  
+ + 

h h 
h h 

+ + + +  
+ + +  
+ +  
+ 

h 

h 

+ + +  
+ * +  
+ +  
§ 

h 
h 

The triton 

+ + + +  
+ + +  
+ 

h 
h 
h 

+ + + +  

+ + + +  
+ + + +  
+++ 
+ 

Normal 20 
40 
80 
160 
320 
640 

h 
h 
h 
h 
h 
h 

h 
h 
h 
h 
h 
h 

h 
h 
h 
h 
h 
h 

h 
h 
h 
h 
h 
h 

h 
h 
h 
h 
h 
h 

Note: ++++ total absence of hemolysis; +++, ++, +, ~, intermediate degrees of 
hemolysis; h - t o t a l  hemolysis; a point indicates that no test was performed. 

E X P E R I M E N T A L  RESULTS 

As may be seen from Table 1,* serum against the heart tissues of the frog reacted in the complement 
fixation test with homologous antigen in a dilution of 1:320, and with extract from the heart tissues of the 
tadpoles at the above-mentioned stages of development, in a dilution of 1:160. This serum gave the weakest 
reaction of all with the extract from the heart tissues of the triton (1:80). The serum against the heart tissues 
of the triton reacted with the homologous antigen in a dilution of 1: 640, with the extract from the heart tissues 
of tadpoles taken in stages 0, I-III  and tV of development in a dilution of 1:160, and with the extract from the 
heart tissues of the frog in a dilution of 1:80. 

Comparison of the titers and the intensity of the reaction between the antiserum to the heart tissues of the 

frog and the extracts from the heart tissues of the frog and tadpoles showed that these heart tissues differed in 
their antigenic properties. The antisera to the heart tissues of the frog and triton reacted with the extract from 
the heart tissues of the tadpoles in various stages of development in the same dilutions and with the same inten- 
sity. Consequently the antigenic properties of the heart tissues of the tadpoles in all the three above-mentioned 
stages of development showed no difference in our experiments. Furthermore, comparison of the titers and in- 
tensity of the reaction of these two sera showed that the difference between the titer and intensity of their re- 
action with antigens of the tissues of the frog and triton was considerably greater than the difference between 
the titer and intensity of the reaction with antigens of the tissues of the tadpoles and triton. Thus the heart tis- 
sues of the tadpoles resemble the heart tissues of the triton more closely, by their antigenic properties, than the 
heart tissues of the frog. 

* The Tableshows the mean values of the results of 79 tests. 
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TA BLE 2 

Results of  the Complement  Fixat ion Test Using Adsorbed Antisera to Frog's 
Heart  with Antigens from the Heart of the Frog, Tadpole  and Triton 

_ a, ti en  f r o m  hE;riZ Th"e 
Serum N o .  

3939 

1917 

Dilution 

1 : 2 0  
t : 4 0  
1:80  

2119 

frog 

+,++ 
++++ 
++++ 

tadpole  

++++ 
+++ 

t r i ton 

+++4- 
++ 
• 

l : 1 6 0  
1 : 320 
1 : 640 

I : 2 0  
1 : 4 0  
1 : 8 0  
1:160 
1 : 320  

l : 640 

++ 
+ 

h 

++++ 
++++ 
+++ 
+ 

h 

h 

h h 

h h 
h h 

++ + 
+ ~: 
h h 

h h 

h h 
h h 

1 : 2 0  
1 : 4 0  
1 : 80  
1 : 160 
1 i 320 
1 : 640 

++++ 
++++ 
++ 
+ 

h 

h 

+ 
h 

h 
h 

h 

h 

:k_ 
h 
h 
h 
h 
h 

The results shown in Tab le  1 were obta ined with unadsorbed sera. In order to exclude any possible effect  

of ant ibodies to spec ies - spec i f i c  protein in the exper iments  described above,  we adsorbed the sera with l iver  

tissue, washed free from formal in ,  from animals  of  the same species as those to sal ine extracts of  whose hearts 
the sera were obtained.  The  antisera to the heart  tissues of  the frog fa i led  to react  after  adsorption, in a l l  the  

dilutions used (1:20,  1 :40 ,  1: 80, 1:160,  1:320 and 1:640),  with extracts of  the ske le ta l  muscle ,  l iver  and k id-  

ney of the frog. They reac ted  with homologous ant igen in a di lut ion of  1:160. We were unable to c o m p l e t e l y  
adsorb antiserum to the hear t  tissues of  the triton. 

We carr ied out  tests, the results of which are shown in Tab le  2, with adsorbed antisera to the heart  tissues 
of the frog and extracts  of  the hear t  tissues of  the frog, tadpole  and triton. 

As it may  be seen from Tab le  2, adsorbed antisera to the frog's hear t  (Nos. 8939, 1917 and 2119) reac ted  

with homologous ant igen in a di lut ion of  1:160,  and with antigen from the hear t  tissues of  tadpoles in dilutions 
of  1:80,  1 :40 and 1 :20  respect ively .  The same sera (Nos. 8939 and 1917) reac ted  with extract  of  the hear t  

tissues of  the tri ton in dilutions of 1:40 and 1:20 respect ively.  There  was no react ion between the serum (No. 

2119) and the ext rac t  of  the hear t  tissues of  the tri ton. 

The results of  the exper iments  with adsorbed antisera to the heart  tissues of the  frog and extracts  of  the 

hear t  tissues of  the tadpole ,  frog and tri ton thus corresponded to those obta ined with the analogous unadsorbed 
sera (see Tab le  1). The degree of  the  react ion between the sera and the extracts  of  hear t  tissues of  the  tadpole ,  

frog and triton was thus de te rmined  by antigens speci f ic  for these tissues. 

The results of  our exper iments  showed that  the hear t  tissues of  tadpoles differed in thei r  ant igenic  pro-  
perties from the hear t  tissues of  the fi'og, and more c losely  resembled  the hear t  tissues of  the tr i ton than the 
hear t  tissues of  the frog. It was also shown that  the hear t  tissues of  tadpoles  taken in stages 0, I - I I I  and IV were 

indis t inguishable  in their  an t igenic  properties in our exper iments .  
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In connect ion with the exper imenta l  results shown in Tables 1 and 2, the question arose whether the 
differences in the ant igenic  properties of the heart  tissues of  the heart  of the tadpoles and frog depended on the 
presence in the hear t  tissues of  the tadpoles of  antigens specif ic  for these tissues alone.  I t  was also of  interest  
to find out whether it  was not on account of  these s tage-speci f ic  antigens that  the resemblance  between the 

hear t  tissues of the tadpoles and triton was expressed to a greater degree than that  between the heart  tissues of  
the frog and triton. For this purpose we used the anaphytaxis with desensi t izat ion test in guinea pigs. One group 
of guinea pigs was sensit ized subcutaneously with a suspension of  the heart  tissues of  tadpoles in a dose of 16 mg 
per guinea pig,  andanother  group in a dose of  80 mg per guinea pig. On the 21st day the guinea pigs were de-  

sensit ized with extract  from the heart  tissues of  the  frog and, after test ing for comple te  desensi t izat ion,  an as- 
sault ing inject ion of  extract  of  the heart  tissues of  the triton was given. This assaulting in jec t ion  served at the  
same t ime  a desensit izing purpose, since after it was in jec ted  an extract  of  the  heart  tissues of  tadpoles as a 
second assauIting inject ion.  The results of this exper iment  are shown in Tab le  8. 

As may  be seen from Tab le  8, guinea pigs sensit ized with a suspension of  the heart  tissues of  tadpoles in 
a dose of  16 mg did not react  in response to  an assaulting inject ion of extract  of  heart  tissues of  the triton. In 

guinea pigs sensit ized with a suspension of the  hear t  tissues of tadpoles in a dose of  80 mg, severe anaphylac t tc  

shock was observed in response to the assaulting in jec t ion  of  extract  of the heart  tissues of  the triton. Final ly ,  

in response to the second assaulting inject ion of  extract  of  the heart  tissues of  tadpoles,  w e l l - m a r k e d  signs of  

anaphylac t ic  shock were observed once again in a l l  the animals.  

Analysis of the results obtained showed that in the guinea pigs sensit ized with a suspension of 
the heart  tissues of tadpoles and desensi t ized to ant igen of the heart  tissues of the frog, anaphylac-  
t ic shock took p l ace  in response to the in jec t ion  of extract  of the  heart  tissues of tadpoles.  The 
heart  tissues of tadpoles therefore contain  antigens which are absent from the heart  tissues of the adult  
frog ( s tage-spec i f ic  antigens).  It could also be concluded from the results of this exper iment  that  in animals  

desensi t ized to ant igen of the frog's hear t ,  an anaphylac t ic  react ion was also observed in response to the in jec t ion  o f 

extract  of the heart  tissues of the tr i ton.  The s tage-spec i f ic  antigens of the heart  tissues of  tadpoles thus possessed a re- 

semblance  to the antigens of  the heart  tissues of  the triton. These antigens were presumably present in the heart  
tissues of  tadpoles in smal l  amounts, for we found them only in those.cases in which a compara t ive ly  large dose 

of  tissue (50 mg per guinea pig) was used for sensit ization.  Final ly ,  in accordance  with the results obta ined,  
signs of anaphylac t ic  shock were again observed in the  guinea pigs after desensi t izat ion to antigen from the 

hear t  tissues of the frog and tr i ton,  in response to the in ject ion o f  ext rac t  from the hear t  tissues of  tadpoles.  The 
heart  tissues of  tadpoles thus contained s tage-spec i f ic  antigens also, which did not resemble  the antigens of  the 
heart  tissues of  the triton. These antigens were present in the heart  tissues of  tadpoles evident ly  in larger 
amounts, for i t  was sufficient to sensi t ize gtlinea pigs with a dose of  16 mg in order to de tec t  them. 

It therefore followed, in the first p lace ,  from the results of our experiments  that  the heart  tissues of  tadpoles 

differed considerably in their  ant igenic  properties from the hear t  tissues of  the frog; in the second p lace  that  

this difference depended on the presence in the heart  tissues of  tadpoles of  s tage-spec i f ic  antigens, which were 
absent from the hear t  tissues of the frog; in the third p lace  that  the heart  tissues Of tadpoles resembled more 
ctosely in their  an t igenic  properties the heart  tissues of  the tri ton than the hear t  tissues of  the frog; in the fourth 

p lace  that  the closer resemblance  between the ant igenic  properties of  the hear t  tissues of the tadpole  and the 

triton than that  between the hear t  tissues of  the frog and the tri ton was due to the presence of s tage-spec i f ic  
antigens in the tadpoles.  The  fact  of discovery in tadpoles of antigens absent from the adult  frog and s imi lar  

to the antigens of another species of an imal ,  lower in its organizat ion,  may  be expla ined ,  we are inc l inced  to 
be l ieve l  as a manifestat ion of  ant igenic  recapi tu la t ion.  Final ly ,  i t  followed from our experiments  that  the heart  

tissues of  tadpoles also contained s tage-spec i f ic  antigens which had no resemblance to the heart  tissue antigens 

of the triton. 

The experiments thus showed that the interspectes relationships of  the  ant igenic  properties of  larval  

tissues are quite different from those of  the analogous tissues of  the adult  an imal  of  the same species. 

S U M M A R Y  

The complement  fixation test and the. anaphylaxis  react ion with desensi t izat ion were employed in guinea 

pigs. I t  was shown that  the cardiac  tissues of  tadpoles differ from those of frogs by their  ant igenic  properties 

(par t icu lar ly  as a result of  the presence of  the antigens in tadpoles,  which are absent in the adult  frogs, i .e .  
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of the stage-specific antigens). Cardiac tissues of tadpoles are more similar by their antigenic properties to 
the cardiac tissues of Triturus taeniatus than the cardiac tissues of frogs at the expense of the stage-specific 
antigens, which are similar to the cardiac antigens of Triturus taeniatus. Stage-specific antigens with no simi- 
larity to the antigens of cardiac tissues of Triturus taeniatus were revealed in the cardiac tissues of tadpoles. 
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