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Studies of antibody formation during exposure of animals to ionizing radiation have shown that this process 
takes place in two phases: inductive (radiosensttive) and productive (radioresistant) [5]. The inductive phase of  anti-  
body synthesis differs qualitatively from the productive in its particular sensitivity to changes in metabolic condi-  
tions [4]. It is therefore easily disturbed in various pathological processes and, in particular, in the radiation syndrome. 

It has been found [1, 2, 9] that the inductive phase of antibody synthesis consists of specific and nonspecific 
changes in the ceils producing antibodies. The character of the nonspecific changes and the sequence of  the specific 
and nonspecific changes remain unchanged during the inductive phase. These problems are of fundamental impor-  
tance to the study of the mechanisms of specific protein synthesis. 

We have studied the synthesis of antibodies to various antigens and the production of nonspecific y-globulins for 
different relationships between the times of immunization and irradiation. 

E X P E R I M E N T A L  M E T H O D  
In some experiments roentgen-ray irradiation was given before immunization by two antigens, and in others one 

of the two antigens was given before irradiation. 

Nonspecific )~-globulins are the constitutional proteins of the organism, and the mechanism of their synthesis is 
established phylogenetically. The synthesis of these proteins is activated by antigenic stimulation as a result of pro- 
liferation of the cells responsible for protein production [3, 11]. Antibodies are a type of  serum protein not usually 
present in the organism, and their inductive synthesis takes place independently of the formation of nonspecific )~-globu- 
1ins [6, 7, 8]. 

Ionizing radiation acts as a specific inhibitor, capable of suppressing these processes at the crucial moment .  Ac-  
cordingly, by comparing the changes in the synthesis of  antibodies and nonspecific )1-globulins during roentgen-ray 
irradiation, the depressing action of irradiation on the mechanisms of normal and specific protein synthesis can be 
studied separately. 

Our investigations, conducted on 190 rabbits, comprised four series of experiments, in each of which the animals 
were immunized subcutaneously with Salmomella paratyphi B.vaccine and human serum proteins, and irradiated with 
a dose of 1000 R. Control animals were (a) immunized but not irradiated, and (b) irradiated but not immunized.  Ir- 
radiation was done by means of a type RUM-3 roentgen therapeutic apparatus, at 180 kV, 10 mA, filters 0.5 m m  Cu 
and 1.0 mm A1, skin-focus distance 40 cm, dose rate 31 R/rain, total dose 1000 R 

E X P E R I M E N T A L  R E S U L T S  
In the first series of experiments the animals were irradiated in a dose of 1000 R 48 h before immunizat ion with 

both antigens. In these conditions antibody synthesis was greatly inhibited. For instance, at the height of antibody for- 
mation, i.e., after the third immunization, the titers of S. paratyphi agglutinins in the irradiated rabbits were on the 
average only 36% of those in the controls: the titers of the precipitins against human serum proteins were only 16% of the 
the controls (Fig. 1). The synthesis of nonspecific y-globulins was equally depressed, for their concentration in the 
irradiated rabbits fell on the average from 1.18 to 0.85 g %. 
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Fig. 1. Irradiation in a dose of 1000 R given 48 h before immunization with Salmonella paratyphi B. 
vaccine and human serum protein. 1) g -globulins of control rabbits; 2) y-globulins of irradiated and 
immunized rabbits; 3) y-globulins of rabbits receiving irradiation only; 4) precipitins of control an- 
imals; 5) preeipitins of irradiated rabbits; unshaded columns) agglutinins of control animals; black 
columns) agglutinins of irradiated rabbits; arrow with circle) irradiation; remaining arrows) immuni-  
zation. Legend for verticle axes: I) globulins (in g%); II) titers of agglutinins; III) titers of precipitins. 

Fig. 2. Irradiation in a dose of 1000 R given 12 h before immunization with Salmonella paratyphi B. 
1) ?,-globulins of control rabbits; 2) ),-globulins of irradiated and immunized rabbits; 3) ),-globulins 
of rabbits receiving irradiation only; 4) precipitins of control animals; 5) precipitins of irradiated rab- 
bits; unshaded columns) agglutinins of  control animals; black columns) agglutinins of irradiated rab- 
bits; arrow with circle) irradiation; remaining arrows) immunization.  Legend for verticle axes: I) 
globulins (in g%); II) titers of agglutinins; III) titers of precipitins. 

In the first series of experiments the animals were irradiated in a dose of 1000 R 48 h before immunization with 
both antigens, In these conditions antibody synthesis was greatly inhibited. For instance, at the height of antibody for- 
mation, i.e., after the third immunization,  the titers of S. paratyphi agglutininins in the irradiated rabbits were on the 
average only 36~ of those in the controls: the titers of the precipitins against human serum proteins were only 16% of 
the controls (Fig. 1). The synthesis of nonspecific )/-globulins was equally depressed, for their concentration in the 
irradiated rabbits fell on the average from 1.18 to 0.85 g~ 

These results demonstrated a marked depression of the function of the cells producing antibodies and nonspeci fic 
Y-globulins 48 h after irradiation, which thereafter became refractory to antigenic stimulation. 

In the second series of experiments the animals were irradiated 12 h before the first immunization with S para- 
t3ph i 13, and 24 h before injection of the human serum proteins. In these experiments the synthesis of antibodies against 
both antigens was considerably inhibited. Meanwhile the production of nonspecific y-globulins,  induced by antigenic 
stimulation, took place equally intensively as in the control animals (Fig. 2). 

These results are especially interesting, for they show that 12 h after irradiation with LDs0 doses, the biochemical  
changes characterizing the inductive phase of antibody synthesis can no longer occur in the antibody-producing cells. 
Meanwhile the mechanism of normal protein synthesis continues undisturbed, as a result of which the cells are capable 
of responding to immunological  stimulation by the active production of nonspecific y -globulins. 

In the third series of experiments rabbits were immunized with a single dose of S. paratyphi B, vaccine 48 h be-  
fore irradiation in a dose of 1000 R, after which the two antigens were injected simultaneously, at intervals of 10 days. 
In these conditions both nonspecific ?,-globulins and antibodies against _S. paratyphi B. first administered before irra- 
diation, were produced normally. T h e  synthesis of precipitins against human serum proteins, first administered after 
irradiation, was considerably inhibited by comparison with the controls (tfters 1:6400 in the control group and 1:600 in 
the irradiated rabbits) (Fig. 3). 

304 



I ff ~ 24 h ] 

" t7 ~OO-SO00 

1,5 t320 .~OOO] 

, / 
03180 4000[ 

0, 0 2 ,  
o tO 2o Days 

i j 

Fig. 3. 

I 
"N 

] ff ~ 24h  i 

F 7 da_v2 I 
,z-co- oooho_Laay V ' / i  _.t 

1.5 ' 5~ iii 

U 321 

0,7'--0 --0' to 2o 
Days 

Fig. 3 Fig. 4 

3# 

Irradiation in a dose of 1000 R given 48 h after immunization with a single dose of S. paratyphi B. 
1) y-globulins of control rabbits; 2) y-globulins of irradiated and immunized rabbits; 3) y -globulins of 
rabbits receiving irradiation only; 4) precipitins of control animals; 5) precipitins of irradiated rabbits; 
unshaded columns) agglutinins of control animais; black columns) agglutinins of irradiated rabbits; arrow 
with circle) irradiation; remaining arrows) immunization. Legend for verticle axes: I) globulins (in g%): 
II) titers of agglutinins; III) titers of precipitins. 

Fig. 4. Irradiation in a dose of 1000 R given 7 days after immunization with two doses of S. paratyphi 13. 
1) y-globulins of control rabbits; 2) y-globulins of irradiated and immunized rabbits; 3) y-globulins of 
rabbits receiving irradiation only; 4) precipitins of control animals; 5) precipitins of irradiated rabbits; 
unshaded columns) agglutinins of control animals; black columns) agglutinins of irradiated rabbits; arrow 
with circle) irradiation; remaining arrows) immunization. Legend for verticle axes: I) globulins (in 
g%); II) titers of agglutinins; III) titers of precipitins. 

Apparently the inductive phase of synthesis of agglutinins against S. paratyphi B. took place successfully during 
the 48 h between immunization with S. paratyphi B. vaccine and irradiation, On the other hand, the inductive phase 
of synthesis of the second antibody against the antigen injected for the first time after irradiation could not take place 
because of the development of radiation changes in the antibody-producing cells. 

In the fourth series of experiments irradiation was preceded by immunization with two doses of S. paratyphi B., 
given in the course of the 10 days before irradiation. Under these circumstances the synthesis of agglutinins against 
S. paratyphi and of nonspeeific y-gl~ which started before irradiation, continued no less intetasively after ex- 
posure to a dose of 1000 R. The marked protective action of the preliminary irradiation in respect to the formation 
of precipitins against human serum proteins, injected after irradiation, could also be observed (Fig. 4). 

These results suggest that the inductive phase of antibody formation takes place in two phases. The first (non- 
specific) phase consists of the proliferation of mesenchymal cells, resulting in stimulation of the production of con- 
stitutional serum proteins (i.e., nonspecific 7"gl~ This period does not exceed 36 h in duration. 

The second phase of antibody formation (the inductive phase proper) consists of modification of the y-globulin 
generator [5] or of nucleic acids [10] by the action of the antigen. It is the second, inductiv~ phase which is radiosensitive. 

The subsequent biochemical changes developing in the cells after the concIusion of the inductive phase of syn- 
thesis lead to the appearance of qualitatively new properties in the antibody-producing cells. They become radio- 
resistant, as a result of which they are able to carry out intensive synthesis of antibodies against the antigen injected 
after irradiation. 
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S U M M A R Y  
Studies of the antibody synthesis in various antigens and of the production of nonspecific ),-globulins in vari- 

ous ratios of  immunization periods demonstrate that the inductive phase of antibody formation occurs in two stages: 
the first - nonspeeific one - consisted in the proliferation of mesenchymal cells, resulting in an intensified produc- 
tion of y -globulins; the second stage of immunoehemical  reconstruction (inductive phase proper) consisted in the 
modification (under the effect of antigen) of the proteosynthesis mechanisms, due to which antibody formation takes 
place. 
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A l l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in  the  a b o v e  b ib l i ography  are l e t t er -by- l e t t er  t rans l i t er -  

a t i o n s  of  the  a b b r e v i a t i o n s  as  g iven  in the  or ig ina l  R u s s i a n  j o u r n a l  Some or all of this  peri-  

od i ca l  l i t e ra ture  may we l l  be  a v a i l a b l e  in Engl i sh  translat ion.  A co mp le t e  l i s t  o f  the  cover-  to- 

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  o f  th i s  i s s u e .  
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