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Parenteral assimilat ion of foreign protein has a direct  relationship to  immuni ty ,  in part icular,  to the pro-  
duction of antibodies. However. the essence of these relationships is st i l l  unclear.  In ear l ier  eommunica t lom 
[4, 8] the effect of body temperature changes on the hemoly t ic  ac t iv i ty  of sera and on the production of an t i -  
viral antibodies in cold-blooded vertebrates was shown and the fact  that  antigen - vace ln ia  virus - Is preserved 
for a long t ime in the blood of repti les at a low temperature [4] was no~ed. The present work Is devoted to the 
l i t t le-s tudied problem of the parenteral  assimilation of foreign protein by poikl lothermic vertebrates at  various 

body temperatures. 

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

Large lake frogs (Rana rtdtbunda) were injected intraperitoneall)- by means of a thin needle with 0.fi ml of 
undiluted horse serum. After this. one group of exper imenta l  animals  was kept a t5-6*,  the other at 28-80 ~ After 
various lengths of t lm~ffogs  from each group were bled comple te ly  dr)- and the presence of horse protein was 
determined in their sera by means of the most sensitive method - the--~u_aphylactic reac t ion  on guinea-pigs.  

The guinea pigs were sensitized by subcutaneous administration cf 0.1 ml of horse serum no less than ~0 
days prior to the basic experiments,  so that by the t ime  these tests were made,  the guinea pigs responded by 
anaphylact ic  shock to the administration of less than 0.000005 g of horse serum. 

T h e  frog serum under examinat ion was heated at 57 ~ for 30 minutes in order to inact ivate  Its hemotox ie  
properties [5], then it was diluted doubly by p~ysiological  solution and 0.6 ml was adminis tered  intravenously to 
sensitized guir.ea pigs. Administrat ion of such a dose of heated serum from fresh frogs did not cause a visible 
reaction in the sensitized guinea pigs. But if the frog serum contained even a min imal  amount of horse protein. 
they developed an anaphylact ic  reaction of varying Intensity. 

In cases of nonfatal anaphylact ic  reaction,  the guinea pigs were tested for desensi t izat ion by the intravenous 
adminisuation of 0.5 ml of horse serum diluted ( 1 : 2 )  with physiological  solution. If the guinea pigs did not 
react to the administration of horse serum, i t  meant  that  they were desensit ized xo It .  i .  e . ,  that the previous 
reaction really was a comequence of the presence of horse serum protein in flog serum. It is essential to observe 
that a single admInistration of a small  amount of protein usually does not desemi t ize  the guinea pigs comple te ly ,  
but the intensity of the anaphylact ic  reaction is sharply decreased. T h e  gu inea  pigs which died of shock were 

autopsied. 
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EX PE!:IL~.FHT AL R E S | I I . T S  

The data from the cxl.crin:cn.s arc prc~r ~a the 'Fable. It is obvious from them that while horse pro- 
rein could not be found b)' means of the anaphylac,A, reaction in the blot,d of frogs kept at 28-30" by tim fifth 
day. horse protein could bc fomld in the bh~od of tr..~=.~ ]'Opt at a tempcr~t , re  of 4-6" even after 20 days and only 
on the 34th day did the anaiql)'lactir rc.actk, i c e a ~ .  In ~ther words, parenteral assimilation of foreign protein. 
intensive at 2S-30". Is sharply lowered at a t e m ~ r z ~ r c  of 4-6 ~ 

Results of llc~se Serum Protein Content Determinaticm in Frog Blood 

Guinea pig 
number 

2 
4 

frog No. 

7s 

73 
74 

75 

69 
70 

Administration of f:rog serum into guinea pigs 
frog's maintenance day serum was taken 
temperature Mte~r administration 

of h~'~tse protein 

4-6 ~ 

4-6" 
4-6" 

4 -6" 

28,30" 
28-30 ~ 

5th 

1onh 
2oth 

34th 

5th 
1ffth 

reaction of guinea 
pigs to frog serum 
ad ministration 

Fatal  shock. Lungs 
slightly inflated 

The same 
Shivering, coughing, 

conv~il~[ons. In-  
voluntary exc re -  
tion of urine and 
feces.  Guinea pig 
survived 

Sl ight  shivering. 
Guinea pig s ~ -  
vlved 

The same 
The same 

Test of the specif i -  
ci ty of the reaction 
by administration of 
horse serum 

No react ion 

Typica l  anaphylact ic  
shock. Death 

~"he s a m e  

The same 

The question arose: is foreign protein rea l ly  assimilated or is i t  excretedT In order to decide this questio~l. 
0.S ml of horse serum was administered intraperotc~eally with a very thin needle into two froEs. So that t~he 
administered mater ia l  could not be excreted thrc~.,~ the opening made by the needle ,  the skin was first pierced 
and moved, then the muscles of abdcminal wall we~-e pierced.  After the needle was removed,  the skin was moved, 
preventing leakage of the mater ia l .  The frog', were washed thoroughly in running water and placed in jars with 
100 ml of water. Penicillin was regularly added to ~.he water in order to suppress sensitizing flora.  The jars 
were covered with three layers of gauze: the anirr~2s were kept at a temperature of 28-80 ~ On the 6th and 12th 
day the frogs were bled.  At the sam,: t ime the w a ~  in which they were found was taken.  The  water was cen-  
trlfuged, brought to the concentration of the physi~!ogical solution of warm-blooded animals  with table salt 
(0.9%) and fi l tered through a Seitz filter. Guinea p~gs were sensitized with the f i l t rate .  In this experiment the 
most sensitive arrangement of the anaphylacdc rezct ion for the determination of foreign protein was used, since 
the dose necessary for sensitization can be many t i ~ e s  smaller  than the precipi tat ing one. The guinea pigs 
received 6 ml of f i l t rate subcutaneously twice wir~" an interval of 2~t hours. Simultaneously, 2 guinea pigs re -  
ceived 6 ml horse serum each at the same inter,'zd, diluted 1 : 100,000 with physiological  solution. Along with 
the guinea pigs sensitized with the ~ater  in which ~ e  frogs had been, two guinea pigs were sensitized with the 
blood serum of these frogs. 21-22 days after the m.~i t iza t ion,  each guinea pig received 0.5 ml of horse serum. 
diluted twice with physiological  soh tion intraveno_,sly. From the results of this administrat ion,  we judged the 
presence of horse protein in the mat ' . r ial  used for ~ns i t i z ing .  In both control guinea pigs ,  which were sensitized 
with horse serum diluted 1 : 100,000, the characte.~.~n_ic signs of anat,hylaxis were observed, neither of the exper i -  
mental  guinea pigs showed any sigm of anaphylaxLr~ Thus, traces ef hearse protein could be found neither in the 
serum of the frogs nor in the surrounting water by means of the ana~hylactic reaction.  The possibility that the 
protein is destroyed in me water pri~r to its possib;e discovery by ~ e  anaphylact ic  react ion is not excluded, 
a l~ough the probabili ty of this, taki ng into acco~rot the great sensil ivity of the anaphylact ic  reaction,  is, appar-  
ently,  net great. Anaphylaxis in th~ control guinea pigs indicates t , a t  horse protein diluted 1 : 100,000 is easily 
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detected in ~hc cxl~'rimcnl as so: up. I! is w:r t pr~bable Ilk:it Ihc ht~rsc serum pr,,lein wa~ |lot excreted in these 
experimcms,  b~t dcslr~ycd in file Ir~.~'s syslcm. Ill :nty case, tile abe,re c x ~ r i m e l ~ s  iudicate fl~at paten~crally 
adminislercd lorci::n pr~Ici~ q~dcldy dis:q)pears fr,~m Ihl2 blo~,d of frL~i~s when Ibc 7 arc l~ept at a Iil~h temperature 
al~d circMalcs in it for a lol~,~ lillle :1! a h~w Icmpcratur~:. 

In accord ~ilh col~lemp~ri:ty oi)illion rvi~ardil~i~ the [ormnfi,~n ~.f antibodies |G. 7, 8, 9, and others], which 
considers lhat a globulin m,,leculc is Iransformcd illh, ;Ill mltlb~ly molecule under ~ e  direct influelice of the 
anti~Icn, the decomposi~iol~ of anti~en by the system is ni~t ncccssar),. Moreover. the complete  destructic~l of 
antil;en molccvles makes tl~e forma~io~ ~f further amibodics illlpossible from tiffs pch~t ~f view. f loweret ,  ~ e r e  
is a definiIe rclaliol~ship between the assimilati~ n of anti}ten and antibody prodUcfl,~. I. I. Mechnikov [2] 
already 0b~ervcd that t . rf les  (E~uys orbicldaris) do not prodllce tetanus antitoxin at a low nor at a high temperature 
and tctauus toxiu administered to them circulates in their blood for tn~nfl~s. Alligat~,.vrs (All igator mississipiens) 
produce lctam~s antitoxin in high tilrcs - relators toxin ad;nitfistcred to them qu ieH}  disappears from lheir 
blo~,d. 13o,h for al l igators a~d turtles, tetam~s toxin is a completely nontoxic ant igen.  Similar  occurrences ate 
knowi~ in wan~a-blo~dc~i animals also. in al l  animals,  when antibodies agains~ a g i i e n  antigen can be developed,  
fl~e lat ter  disappears from the blot~l fairly quickly.  

These facts and the existeuce of anamniot ic  antibody formation a long period of t ime after the adminis-  
tration of antigen contradicts the more widespread theories of the antibody formatio~ mechanism and tend to 
favor the assumption, first formulated by Barnez [1], that anti3en does not chan~e 51obulins directly at the l ime 
they arc f,3rmed, but the enzymes which are involved in the synthesis of globulins. Although almost nothing, is 
known regarding the synthesis of specific proteins, by analogy with the synth-~sis cf ix-lypeprides, for which the 
revcrsibilin." ~ the action of enzymes or groups of enzymes during the synthesis of specific serum proteing can 

be imagined.  It seems highly probable to us ~,at in response to the pazenterat administrat ion of foreign protein, 
groups of er.zymes adapt  themselves to its desuucflon, basically to the destruction of ~he specific protein suucture,  

its dcterminlr.g groups. This adaptat ion leads l r.o the specific change of certatn enzyme groups and such changed 
enzymes la ter  do not synthesize the usual globulin, but the amibody.  All  of l~is ag: 'ees well with the supposition 
[3] that the abi l i ty  to produce antibodies arises in the course of evolution as ~ side ~.mction of protein metabo l -  
ism under warm-blooded conditions. 

In any case. when ant isen is not assimilated by the system in one form or another,  ~here is no antib~xly 
formation. The  cyc le  of work we carried out [4, 5] and the present communtcat io= serve to confirm this stand. 

LITERATURE CITED 

[I] L. A. Zilber. Principles of Immunity" (Moscow, 1948). 

[2] I. L Mechnikov. Honsusceptibility in Infectious Diseases* (MoscO~ro ]947). 

[3] G.  Ya. Svet-Moldavsky, Experimen'~al Materials for the  Study d Viral  Ip~-ection During Lowered Body 
Temperature .  Author's Abstract of Dissertatiorl* (Moscow, 1952).- 

[4] G. Ya. Svet-Moldavsky, Byull. EksFtL Biol. i Med. 1954. No. 9, l)p. 54-56.  

[5] G. Ya. Svet-Moldavsky, Byull. Eks[fl. Biol. i Med. Col. 39, No. {;. pp. 52-55 (1955). 

[6] Alexander. Protoplasma 14. 296 (1.c32). 

[7] W. C. Boyd, Fundamentals of Immunology (New York. 1945). 

[8] F. Breinl and F; Haurowitz, Z. physiol. Chem. 192, 45-57 (1930). 

[9] F. IIaurowitz. Biol. Rev. 27, 3. 247-280 (1952). 

[10] S. Mudd. L Immunol. 23. 423-427 (1932). 

[ 1 1 ]  L, Pauling, L Am. Chem. Soc. 62, 2643-2657 (1940). 

* Published in Russian. 

,531 


