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The antibody response can be divided into 
a brief initial radiosensitive phase and a 
second radioresistant phase which occupies the 
remainder of the period of response ( la,b,c,d) . 
Once initiated, antibody production is little 
affected by large doses of whole body radiation 
in spite of the fact that lymphatic tissues, 
bone marrow, and spleen-all thought to be 
important in the production of antibody-are 
extremely radiosensitive. Several explana- 
tions of this observation have been given: first, 
the radiosensitive tissues might function only 
in the brief, initial phase of the antibody re- 
sponse and that the actual synthesis of anti- 
body might take place in radioresistant tis- 
sues( lc) ; second, since even large doses of 
radiation do not destroy all of the radiosensi- 
tive cells in the body it is possible that the 
small number of these cells remaining might 
carry on the full antibody response; and third, 
that there are radioresistant reserve tissues 
capable of carrying out antibody formation 
once it has begun in spite of damage to radio- 
sensitive tissues ( 2 ) . 

In view of the above, it seemed worthy to 
investigate whether the character of antibody 
molecules might be altered in radiated rabbits. 
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The only readily demonstrable differences be- 
tween antibodies are immunochemical in na- 
ture (3a,b,c,d) and these differences are based 
on the average behavior and reactivity of all 
the different kinds of antibody to the same 
antigen. The present report deals with a com- 
parison of the immunochemical characteristics, 
as evaluated by the quantitative precipitin 
reaction and the initial combining ratio of 
antibody to antigen, of antibodies to bovine 
gamma globulin§ (BGG) and bovine serum 
albumin11 (BSA) formed in X-radiated and 
normal rabbits. 

Materids and methods. Male albino rab- 
bits weighing from 2 to 2.3 kg were immunized 
and radiated as indicated in Table I. A single 
intravenous injection of either 1131 labelled 
BGG (I*BGG), 30 mg/kg, or 1131 labelled 
BSA (I*BSA) , 15 mg/kg, was given to each 
animal, Preparation of the iodinated antigens 
has been previously described (4a,b). Two 
hundred and twenty KV whole body X-radia- 
tion was given as previously described( lc) in 
either 400 r (LDB-30) or 800 r (LD7630) 
doses. Antigen concentrations in the blood 
were determined by protein bound radio- 
activity(4b) and bleedings for antibody 
analyses were made 3 days after elimination 
of all antigen at  which time serum antibody 
concentrations were usually at a maximum. 
In order to have sufficient serum for quantita- 
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TABLE I. Relation of Immunization. Wiat.ion. and Antibodv Remunee. 
~ ~ ~~ ~ ~ _ _ _  

Antibody Serum antibudy 
bleeding days conc., fig anti- 

Animal X o .  Immunization and radiation after inj. body N/ml 

381,382 

29.5 
423,301 
408 

72S7 7 2 6 , i 2 8 ,  i 3 1  
70i, ‘70.9, i l l ,  712, 713 
717,i20,721, iE9, 2 4  

473,481,484 
478,490 
698,704 

866-269 
I*BGG 5 lir after 400 r 

” 48 ” ” ” * 
” 

’1 1 9 )  ’ 9  

I*BSA 48 hr ” 400 r 
” siniultaneous with 4i10 I 
” 

3 days before 800 r 
Y l  1 9  91  I9 9 9  

G hr after 400 r 
1“BGG-no X-ray 

IQEQ\ 99  9 9  

9 .  9 s  1 9  

13 
14  

13 
13 
13 

12-16 
17-19 
17-19 

10 
10 
1 4  

7.5 
25.1 

72.1 
34.2 
54.0 
25.8 

6.1 
5.0 

81.0 
48.0 
38.0 

* Seren injectioiis egg albumin and edestin prior t o  X-ray to “protect” immune response. 

tive analysis, sera from similarly treated ani- 
mals with antibody concentrations at about 
the same level were pooled as shown in Table 
I, The quantitative immunochemical proce- 
dures used were those described by Heidelber- 
ger and coworkers( 5) .  In  some experiments 

labelled antigen was used and its concen- 
tration was measured as previously described 
( 6 ) .  Nitrogen was measured by the Jlarkham 
modification of the micro-Kjeldahl procedure 
(7) .  The methods used for decomplementing 
low titer rabbit antisera with an egg albumin- 
anti-egg albumin (rabbit) specific precipitate 
has been presented ( 6 ) .  Gross and microscopic 
study of the tissues of some of the animals 
listed in Table I was made following the anti- 
body bleeding. In  addition the tissues of 
other animals receiving 400 r and 800 r whole 
body radiation and sacrificed 3: 5: 8. and 11 
days post radiation have been studied to afford 
a complete picture of the post radiation tissue 
changes. Since the radiation changes are more 
clear-cut with the 800 r dose only these his- 
tologic observations will be presented. 

ResuEts. A convenient method for compar- 
ing anti-protein antibodies is to plot the ratio 
of antibody Xiantigen R’ in the precipitate 
against the square root of the antigen nitrogen 
in the precipitate. The intercept of the 
straight line gives the initial combining ratio 
(2R) of antibody S,#antigen S. A complete 
discussion of this can be found in(8). As the 
value for the initial combining ratio (2R) is 
known to change upon repeated immunization 
of the same animal(9), its usefulness as an 

absolute method in comparing antibodies pro- 
duced against the same antigen is somewhat 
limited. Major differences in reactivity of 
antibodies, however, can be detected. Analysis 
of the decomplemented antisera from rabbits 
immunized with I*BGG, 5 and 48 hours re- 

50 

e r ” * ‘ ’ .  P 2 4 6 8 1 0 1 2  

X-RAYED (400r) 48 HR POST INJECTIOR 
NORMAL 

0 X-RAYED (400r) SIMULTANEOUSLY 

X X-RAYED (400r) 6 HR PRE-.INJECTION 
WITH INJECTION 

Y 
1.0 en 3.0 

pG ANTIGEN NITROGEN ADDED PER ML OF SERUM. 
FIG. 1. Tlie arrows indicate $he equivalence point. 
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TABLE 11. Initial Combining Ratios (2R) of 
Anti BSA Sera. 

Antibody N/ 
Exp. group antigen N 2R 

I*BISA 48 hr before 400 r 18.0 
” 6 ” af te r  ” 17.2 

CfOll t 10 1 16.1 

spectively after 400 r whole body radiation 
showed precipitin curves and initial combining 
ratios entirely comparable with those of anti- 
sera produced by nonradiated rabbits (Refer- 
ence 6, Fig. 7 and 8). As was pointed out in 
earlier studies( 6 )  it is extremely important 
to decomplement rabbit sera before immuno- 
chemical analysis especially when the concen- 
tration of antibody is low. Failure to do this 
may result in erroneous values for both anti- 
body nitrogen and initial combining ratios. 

These experiments were repeated with crys- 
talline RS,4 using 400 r as indicated in Table 
I. The results summarized in Fig. 1 indicate 
that the immunochemical behavior of the anti- 
BSA sera from radiated rabbits is essentially 
the same as the control. Considering that the 
quantitative analyses were performed on sera 
having a low level of antibody N the agree- 
ment is very good. Inhibition of precipitation 
occurs in the region of antigen excess as is to 
be expected. The initial combining ratios 
(Table 11) of the above mentioned sera are 
the same, within the experimental errors in- 
volved. 

In  order to observe the effects of larger 
amounts of radiation 800 r was given to one 
group of rabbits and sera obtained during the 
second post radiation week when there was 
little morphologic evidence of recovery from 
the radiation injury as described below. Al- 
though these sera were analyzed without de- 
complementation it is obvious that their initial 
combining ratios would be the same as found 
in nonradiated controls (Fig. 2 ) .  In  addition, 
the imniunochemical behavior of the anti- 
bodies from the 800 r animals as shown by the 
precipitin curves closely parallels that of the 
controls (Fig. 2 ) .  In  the animals receiving 
800 r whole body radiation there was severe 
damage to the radiosensitive tissues. Injury 
to the bone marrow resulted in loss of nearly 
all of the hematopoietic cells leaving behind 

fat  cells, scattered re ticuloendothelial cells, 
and a peculiar gelatinous intercellular matrix. 
This destruction was well developed within 5 
days and significant recovery did not begin 
for 2 weeks. The spleens of these animals 
were considerably reduced in size within a 
few days largely at  the expense of the lym- 
phoid tissue. Small lymphocytes were almost 
entirely destroyed and only small foci of large 
lymphoid cells and plasma cells persisted 
about the splenic arterioles. A moderate num- 
ber of macrophages and fibroblasts appeared 
in and about the splenic white pulp during 
early post radiation period. There was a dif- 
fuse regeneration of lymphoid tissue which 
began during the second week post radiation 
but development of lymphoid follicles and ap- 
pearance of small lymphocytes was not seen 
for several weeks. The lymph nodes a t  the 
hilus of the intestinal mesentery showed 
marked damage which reduced the total num- 
ber of cells in the node to lO-20% of the 
normal. Lymphoid follicles and small lym- 
phocytes were completely destroyed leaving a 
loose network of reticuloendothelial cells and 
fibers in which were scattered large lympho- 
cytes, plasma cells, macrophages and fibro- 
blasts. There was little evidence of regenera- 
tion before the middle of the second post radi- 
ation week and normal structure was not re- 
gained for a month or more. The lymphoid 
tissue of the appendix showed degenerative 
changes comparable to those seen in the nodes. 
The lymphoid follicles were replaced by 

PREClPlTlN CURVES OF CONTROL AND 
X RADIATED RABBITS (890r) 

(ONE INJECTION I BGG) 

D - - X RAYED BOOr I HOUR POST INJECTION 
A - X RAYED 800r 3DAYS POST INJECTION 
0 X RAYEDBOOr 3DAYSPOST INJECTION 

(DILUTED 1-2 FOR ANALYSIS) 
0 CONTROL 

10 20 30 40 5d 
I- L)G ANTIGEN N ADDED PER ML OF SERUM 

FIG. 2. The a i ~ o w s  indicate the  equivaleiice point. 
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clumps of foamy macrophages and the amount 
of lymphoid tissue remaining one week after 
radiation could not have been more than 10% 
of normal. There was little evidence of re- 
covery before the third post radiation week. 

Discussion. The radiation dose of 400 r 
prior to or near the time of immunization was 
used to interfere with the early radiosensitive 
phase of antibody production.' Eight hun- 
dred r was given after the injection of antigen 
to allow us to study antibody formed in ani- 
mals showing maximal radiation injury. With 
neither 400 r nor 800 r was there demonstrable 
immunochemical alteration in the character of 
the serum antibody although the concentra- 
tion of the antibody was greatly reduced in 
those animals radiated prior to or a t  the time 
of immunization (Table I ) .  

The observations in the 800 r group are the 
most dramatic. Here animals with the great- 
est part of their lymphoid and hematopoietic 
tissues destroyed, and the remainder of these 
tissues certainly far from normal. synthesized 
normal amounts of antibody which did not 
differ immunochemically from antibody pro- 
duced by nonradiated animals. This observa- 
tion is consistent with the view that the syn- 
thesis of antibody (second phase of the anti- 
body response) may occur in radioresistant 
cells or tissues ( lc)  . 

Conclusions. The antibody formed by rab- 

The second group of animals in Table I (266- 
269) had several injections of egg albumin and 
edestin the week before radiation to increase 
nonspecifically the radioresistance of immune re- 
sponse. .4ntibomdy concentration of these sera is 
definitely higher than that obtained from animals not 
treated prior to radiation indicalting some protective 
effect from this procedure. 

- 

bits radiated with 400 r whole body radiation 
prior to, simultaneously with, or after im- 
munization and by rabbits radiated with 80.0 r 
after immunization although often reduced in 
amount was indistinguishable from that 
formed by nonradiated rabbits. 
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