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In ourprecedtng publications [6, 7] we communicated the alterations In the antigenic properties of 
tissues resulting from Irradiating animals with roentgen or gamma rays. We adwnced the hypothesis that the 
Ionizing rays alter the tissue albumins which then become antigenic stimulator~ and cause immunological re- 
organizations as, for example, a ~ensitization of the organism playing in this way an important role in the patho- 
genesis of radiation sickness. 

By now we have gathered additional data de~ribing the antigenic alterations i~duced in tissues by the 
ionizing radiation. By means of studying the reaction of active anaphylaxis with desensitization we have un- 
covered new antigenic capacities of the blood, the spleen, in the microsome~ and hyaloplasm of the liver, in 
the mitochondria and microsomes of the mucosa of the small imestine of irradiated rats, as well as similar find- 
lugs in the bone marrow, mitochondria and hyaloplasm of the mucous membraile of the small Intestine of irradi- 
ated rabbits. * 

E X P E R I M E N T A L  METI IODS AND RESULTS 

The experiments were preformed on rats (150-180 g) receiving 2000 r from an experimental gamma 
source, the general activity of Co ~ having 200 curies the dose streng~a being 34.1 r /minute ,  f~or purposes of 
examination, tissues were taken as a r~ixture from 6-8 animals. Rabbits f3-3.5 kg) were irradiated similarly 
with doses of 1100 r. We do not present now all tl~e reactions of active anaphylaxis w~r desensitization, these 
illustrating the alterations in the ,~ntigenic properties of the tis~t~es, as part of ~ e m  [6, 7] has been published 
and others have given results analogous to tho~ ~r present below. 

In Table 1 are given protocols of examinations of irradiated rats 48 hours after exposure, the antigenic 
qualities of the tissues being studied. The framework of the experiment and the evaluation of the results 
follow the work done previously [7]. The table demonstrates that the blood of irradiated rats has antigens not 
present normally. 

The literature [2] reveals the fact that even within the first hours after irradiation of the organism there 
can be observed the destruction of many tissues: bone marrow~ lymphatic glands, mucous layer of the small In- 
testine. It Is also known [2] that the blood of the Irradiated animaB 2.xperiences an increase in its albumin 
content, the reason being the entrance of the albumins /tom the destroyed tissues. Thls is made all the more 
probable b), the. fact that vessel and tissue perlneabtllt!es ate markedly Increased fn the Irradiated animals [4]. 

To trace the tramfer of tissue albumins Into the blood we set up an experiment in ~;hich radioactive 
methlonln (s  ~l) was used to label tissue albumins. The methlontl~e solution in an amount of 0.6 /le was 
given subcutaneously to the white r~r,. After two days some of the animals we,'e sacrificed and the radioactivi- 
ty of a whole series of tissues was determined. 14atf the animals were subjected to an Irradiating dose of 800 r. 

"The  cellular mlcrostructures were separated {mltochondrta and mtcrosoi~es) by th2 method of dif- 
ferential eentrlfiJgatlo~ In ~,SL-1 and ASL-2 ~parators, 
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# # ,~ m 
Time after Irradiation (in hrt,} 

l~edistribution of Labelled Substance (S It) MetMoniri ia 
the Organism of White ~ t ,  after Irradiation. 
1) Liver.. Z} bone m~rrow; 3) te~'~et; 4) muco~ Intes- 
tinal membrane; 6) ~pleen. The rzdioactivit)' of the 
organs of the Irr~di.~ted anim~h at t~e v~.dous stated time 
Interval, it expres,~ed in terms of percentage In relat!on to 
the radtoactlvltiet found at ~imil~ timer in flmtlar organs 
of the control animal, sacrificed at the ~ame time. Each 

point of ~e  curve represents the arithmetic average of four 
determinations. The ra~.~o~etivity of the bone mar~w it 
expressed not tn te~ms of wclghu of the ti,sue but as a ~ l t  
of It, weight. 

T A  BLE 2 
Tttert of Cemplement Binding Antll:c~[~, i~ the Immune $era 

, Against the I issue, of I~radiated ~.nd Normal ~lir~ ~ t l  

Antigens 
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TA BLE 4 
lMfltmnce of Intramuscular Inlet[lions of Immune 6era (Against the Mucous Membrane of the 
Intestinal Metnbranel of Irradiated Rats ~cclvlng 650 r) on the Cour~ of Irradiation Slctmett 

Material ttse 

lnmune serum against 
Intestinal mucosa of 
irrad, rats 

Sarn~ s eem after 
adsorption 

Irrad!ated cont toh 

Average blood leucocyte cotes 
(fh tboutand0 

"~ be- ! 
~, i fore 

l r r a - /  
!dlatlor[ 

in days after Irradiation 

7 13.0 

7 14.5 
7 I6.0 

0.8 

22.0 
4.0 

0.6 

15.0 
3.0 

13.6 
3.2 

13 

!1.0 
4.3 

17.6 I ! 
! .8 

0 6.9 

I 14.0 
0 II.0 

At the expiration of 6. 9.4 and 72 hours ~ollowtng ti~e Irradiation both the irradiated and nontrradiated animals 
were sacrificed and the radioactivity of[their tissues was determined. At each time interval 4 rats were sacrificed. 
In file irradiated rats even within 6 hout~ time. redistribution (see FJg~ of the marked element tal~es place: the 
quantity of marked proteins in the boneimarrow, mucous membrane of the small intestine and in the testes di- 
minishes, while in tile liver and spleen ladioactivity rises. After a day and in 3 days the quantity of labelled subs- 
tance wtflfln the liver ri~cs, diminishingjin the other organs. 

The observed transfer of the labelled Mb~rmin. after irradiation, from one organ to the ether and partic- 
ularly to tile liver can occur only by wal of tt;e bl:od stream. This in itself demonstrates that, when antigenic 
con~,plexcs'arise within the irradiated an]imals, the.e abnormalities are associated with the fact that within the 
bed of the circulating blood stream are f',ev2nt ti~tre antigens from tl,e Intestit~e, bone n~arrow and so on. In so 
far as the antigenic capabilities of thcseJ tissues are altered by irradiation, the~e changed p~operties are exprcs.~cd 
by the altered antigens new catering thel bloed stream. 

If indeed ther.e altered antigens from t~,e intestine circulate in the blood alld can enter the liver, then 
the antigenic differences between the ti~uc~ of ,Le intestine, liver and the blood of the irradiated animals .~hould 
diminish. To verify this ~upposition we prepared a liver antiserum and a blood antiserum in l~.~th irradiated 
and normal rats. 

The antisera were pre?ared by ~-step i ntrave~ous hnmuni;~ation of rabbits. As antigens there were u~ 
aqueous saline extracts (1:10) from the i intestinal m~cosa and blood sera of rats. 8 days aft'~r the last Injection 
of d~e antigen, ihe rabbits were exsanguilnated the trnm,~ne sera were obtained and with these the complement 
fixing reactions (CFI~ were set up. 

From Table 2 tt Is evident that tl.~e ar~ttgen, obtatned from the tissues of irradiated rat~ react in much 
gre~ter ttters with antfsera against other ~Jsstles than do the analogous antigens of normal rats. 

Thus the results of these reaettotl demoi~tratr that the antigenic differences between a series of tissues 
(mucous intestinal membrane, liver, seM) are le*s marked Its the Irradiated rats than ~he salrm differencel b~t- 
ween these tissues as ~ee[l normally. 

The reac t l~  alone Is fmufflclen~ to form a reason for its cause. However, it is permissible to consider 
that the antigens from the irradiated intestine exeter d~r blood stream and reach d)e liver, one of whos-e functions 
Is known to I:~ the Interception from the iblo,,d ef foreign albumins [l, 'SJ. In od~er words, the postr~diation 
Increase of antigenic stmilarity between lthe tl**ues of the liver, blood ~ra and mucous mcmbrat~e of the Intes- 
tine may be tile result of the circulation k, ithin tl~r rat orga~lfsm of antigens which have been altered by the 
irradiation of tl~e mucous Intestinal rncxrlbra,~e and the other titst~ett. 
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hi Fable 3 ate prc,~ct~ted the wsults of two cxpetimcnB |q which win| the aid of tile CFR test the ttegtee 
of antigenic alterations ca t ted  In white rob at varyi,~ t~stradlattoa ~tagcs was deterlnhled: afl~ct 6 hour~, one 
Jay  a;:~l after 3 days. t h e  last day t~ l'eally the terminal ~cage as 2000 r ca,~ed death In fl~e majority of animals 
by the 4tl~ day. The methods of preparing the anttge,s, the antl~eta and the setting up of the CPR ltest have 
been, detailed above. 

I r~m~ Table 3 it can Ix. ~t ,n that antigenic diflcrenecs between the normal and radiated tissues are In 
evidence cecil .5 hont~ after Hradiatton. Trim they ate quite weak and can be caught only by observing the 
degree of hcmoly.,ls. Three days subsequent to trradiatmn the antigenic differences becon~e quite pronounced 
and are reve~lcd not only by tI~c degree of hemolysis but a l~  b), the ti~et of the complement fixing antibodies. 

The facts as presented here ~e~n to be proof that irradiation causes in the ~rgaaism an accumulation 
wil~|i|l the liver t~f circulating antigens produced from tisst~es, pa,ticularly the intestine, damaged by this radla'- 
tton. 

The data at our disfx~sal does not permit us to state the p.,'ceJse role ill the pathogeflesis of radiation sick- 
ness played by the circulation in the blood of the abnormal antigens. However, it ~ems  evident to us that they 
must act as pathological irritants and therefore inevitably must have some definite role in the pathogene~is of 
radiation sicimess. 

If this is true, then before future i:Ivestigator~ there is ~ncovered a new path of influe~clng in some 
rn~n~er the pathologic process caused by tile action of radiation energy. We have in mind the possibility of  
preparing s~c i f i c  immune sera against the altered antigens a)ld, in 01is fashion, specifically neutralizing their 
pathologic action. There are enormous technical difficulties in the way of obtain~r~g flm~ specific antlsera 
against the altered tissue components, as there is no certain method of adsorbing thr cytotoxte antibodies agaitLst 
the normal components. For this reason the results of the experiment given In Table 4, can be doubly 
r as being only preliminary, serving, however, to call attention to the observation that the adsorbed 
serum exerted a favorable influence on the course of the radiation sickness of white rats. 

In the experiment we tool-: a mixture of sera No. 64 and No. 65 against the mucosa of the intesthm of 
irradiated rats (for tilers of the seta see Table 2). One group of animals received the entire serum, the other- 
~ rum ~2sorbcd by the method of P. N. Kosyakov and otherS3], the aim keing to remove the antibodies against 
the norm,~l tissue antigens; the third group serving for a co~ztrol of d;e irradiation, all receiving gamma rays In 
850 r dosage as described above. The a~;tise~um was given intramuscularly the day before irradiation, on fl~e 
day. and on the day following. The dose of the entire ~ rum was 0.2. 0.5 and 0.3 cc; the doses of the adsorbed 

0.5, t .5  a n d l c c .  

The results are given in Table 4. 

From Table 4 it can be seen that the entire ~rum.  containing many cytotoxi~s agaiz~st normal ti~ues, 
h~.d a mar;,edly r~egative influcnce on the cotme of  irradiation sickness in white rats. The same sev~m, after 

adsorption of the t~ormal tissues, seemed to furnish a somewhat longer, as compared with the controB, life to 
the irradiated animals :~.nd appeared to prevent the deve:,opment of leucoF~nia in them. 

S U M M A R Y  

Ab~ormal tissv," antigens have been demonstrated as a product ot" irradiation of the organism' Proteins 
labelled with methonin S+S have been obtained from tile bone marrow, spleen, testes and Intestinal mucosa. 
Their passage via the blood stream to the liver has been demonstrated. Irradiation dimiJltshes .~nttgezfie dif- 
ferences. As irradiation sickness progresses, these abnormal antigens must play an important role in d~e progress 
of  the disease. 

Adsorption, of the antigens against the normal tissues opens a tentative path fnto very Interesting future 
research for possible treatment of  irradiation sickness. 
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