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The question as to the site of formation of antibodies, in spite of the many years of study, Is still far f~om 
having been solved. At present a widening acceptance is developtng of cytological alterations ~hlch accompany 
the processes Of antibody production and which are denoted the "plasmacytlc reaction'.  Associated with this has 
~lsen the supposition that the plasma ceIIs form the antibodles. Indeed, certain workers have observed d![rectiy 
the production of antibodies by plasmacytes. Thus, Fagtaeus in 1068 demonstrated an accumulation of agglutinins 
in spleen cultures, very richly endowed with plasma cens, while in 1055 Coons, Leduc and Connolly uncovered 
by means of fluorescence techniques the presence of antitoxin in these cells. When compared with oIder con- 
cepts as to the site of antibody formation such as the reticuloendothelfal and lymphotda! theories, the plasma- 
cytic hypothesis does not expre~ a new thought excluding the two Just named. On the contrary. It really is an 
extension of either one or beth og them and represents a finer and more contemporary analysis of the develop- 
ments taking place in the Iymphatlc glands and spleen after the introduction of the antigen. 

The aim of the present Investigation was, first of a11, to reproduce this phenomenon during the immuni- 
zation of animals with various antigens and, in the second place, to proceed to a detailed study of the d]~aamlcs 
of the cytological alterations associated with the prod,,ction of antibodies In the different stages of the t~ocess 
of  Immunization. 

EXPERIMENTAL METHODS 

Rabbits weighing 2 to 2.5 kg were immunized with adsorbed diphtheria anatoxin, the injections being 
made under the skin of the right shin in a dose of 1 cc this corresponding to 65 Lf. The cytological changes in 
the lymph glands and spleen as well as the blood antitoxin titers were determined 2, 4, 5, 6, 8, 10, 20 arid 30 
days after the injection. The second injection of the anatoxin was given on the 30th day while the later ~tein- 
oeuIatton was performed 6 - 8 months later using the same amount of anatoxin and the same site of Injection. 
Tbe cytological alterations and antitoxin tlters were determined 2. 4, 6, 8 and 10days after the second intro- 
duction of the antigen. Two to three rabbits were opened on each of the indicated days. Altogether. 46 Im- 
munized and 10 normal rabbits were examined. 

The cytological alterations were studied from imprints taken of the right and left popllteal lymph glands 
and of the spleen. r rabbits were narcotized with urethane and opened and the spleen perfused with physiolo- 
gical lallne to free it of blood, as an excess of it Is reflected In a poor quality of the imprints. The perfusion 

�9 With"'-'~ our laboratory we have undertaken recently a review of  previously established relationships in ~;gard to 
formation of immune bodies, cytological studies being done on the lymphoid organs-the site of their fol~mation. 
This is the first of a planned series of studies. 
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was performed by ta~t~odltcin~ the mlutiou into the left w'utricle of the heart atld coutiuucd instil the Fluid drawn 
fromthe inferior vena cava became tra,st,arcnt. 

The lmprint~ made w~-rc fixed i l l  Filet~+)'l Mcohol and stained wit~l azure eosin, ~ m e  being additionally 
colored With methyl green-pyroltitw. IJ1 revicw!llg tile preparations 50 oil immersion fields were examiined and 
the plasma cell series were counted, usillg tile terminology of Fagraeus i.e., the)" were classified as transitional. 
immature or mature plasmacytes. 

Fifty guinea pigs were immunized with heated Gartncr paratyp4toid vaccine, the dose being 500 million 
microbes attd the injection being made under the skin of tJ~e right paw. They were opened under ether anes- 
fllesla. The method of preparing rdte imprints was t h e  same. 

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

In normal animals the total number of the indicated cells did not exceed 10-15 for t~e 50 fields examined. 
In all the immunized rabbits within 2 to 5 days after the introduction of the antigen there was observed a marked 
increase in the number of the transitory t)/pe cells, i.e., cells measuring 8-12/a,  having a regular rot, nded form 
and large, more or less fluff),, nuclei with a surrounding narrow rim of basophilic and pyroninephilic protoplasm. 

This  cell reaction was of a rather ephemeral nature, disappearing by the 8th day. The number of mature plas ~ 
matocytes in all the preparations was quite small. The most marked cellular reactions were observed on the side 
oti which the anatoxin was introduced. The opposite popliteal gland gave a reaction analogous in character and 
synchronous in t ime but less intetlse. The spleen gave negligible evidence of changes. The dynamics of the 
t:ytological changes in relation to the accumulation within the blood of the antitoxin are shown in Fig. 1. 
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Fig. 1.  The plasmacytic reaction and the production of antitoxin during immuniza- 

tion of rabbits with diphdaeria anatoxin (average data). 

As can be seen from Fig. 1, the cellular response to the second inoculation was more intense than to the 
first but was most vigorous to the later reinoculation. The antitoxin titer reached maximal values by the 30th 
day after the primary immunization (0.015 AE); by the 8th to 10th dayaf ter  the secondary immunization (2AE) 
and by the 8th day after the later reinoculation (3.5 AE). 

The results of the immunization experiments with guinea pigs are shown on Fig. 2. 

Within 3 days after the introduction of the antigen, the regional lymph glands shqwed some increase in the 
number of plasmacytes, in rabbits as well as in the guinea pigs being at the expense of the less mature o, ansitory 
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and lttvenlle cr ib .  After come increa.~, by the 7th day the Intensity of the cell re,ponce .~gan to diminish, not 
teaching haw h'vcl, however, until the 30th day. h~ general, the ptasmacytlc responw to the Introduction of the 
corpuscular antlgeo Is characterized by a relatively low Intensity and for a couHderable length of time the reactlott 
could be trill demonstrated. 
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Fig. 2. Plasmacytic reaction and the production of agglutinins during immunization of 
guinea pigs with paratyphoid vaccine (average data). 

The lymph gland in the groin on the opposite side and also the spleen showed some cellular alterations of 
an analogous type but lesser intensity; In time of appearance, they showed a considerable lag to the regional 

lymph gland changes. 

The plamacytic reaction in the immunological reconstruction of the organism was studied tinder condi- 
tions of 'doubling" relmmunization of the guinea pigs two months following the primary inoculation. The 
lymphatic glands and the spleen were studied before the reinoculation, on the 3rd and 5th days after the first 
reinoculation and on the 3rd, 5th and 10th days following the second reinoculations. As can be seen in Fig. 2, 
plasma cells were def'mitelyseen to be increasing from the 5th day after the first reinoculation. By the 3rd day 
after the second reinoculation the plasmacyttc reaction reached a maximum in the regional lymph gland, a 
maximum being attained in the opposite lymph gland and the spleen by the 5th day. Reinoculation produced 
mote intense cellular responses than did the primary immunization, this result being the same as seen with the 

anatoxin. 

The blood agglutinins increased up to the 15 . day after the primary Immunization, reaching an average 
tiler of 1 : 1000 arid then diminishing gradually up to the 60th day. The doubled relnoculatton gave a much 
sharper rise In the ~:iter; the residual reading of 1 : 460 rose to 1 : "/6,800 by the lOth day. 

A careful analysis of the data obtained reveals that the morphological character of the reaction does not 
correspond completely to the usual descriptions given in the literature. The cytological alterations seen in our 
experiments both with anatoxin immunization and vaccine immunization demonstzated the preponderance of the 
early, immature forms described by Fagraeus and other authors as the beginning of the plasmacytic react:lon. It 
is well-known that from the view-point of functional activity these cells are considered to be of the greatest 
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siguiflcance as .~n L~dlcatlon of the accumulatiGn of the antibodlc~. However, we did not ob.e~.rvc rdle further 
development of thes<" forms into the mat~irc plasma cells, l.c., thc so-called "maturation" reaction did not l:ake 

place, Instead our experiments showr a regression of thc r162 It thus appears that the stage of rear,ire 
pla.~la cells is not essential for the cell rdai+tion being dtscugsed. 

The course of  the plasmacytte reaction, to a co~Tsiderable extent. Is determined by the eharacte~r of the 
antigen. Thus, with the primary immunization with the anatoxin the plasmacytic wave had.a definite peak and 
ended by the 8th day. while with bacterial vaccination the intensity of tJ~e reaction was less, the wave, rising 
and failing ~harply and lasting some 20 dayg. The same relation~ips exist with revacclnation. While the second 
introduction of the anatoxin gave maximat cytologic changes within the day, by the 5th day after intro&letton 
of  vaccine the cytolo~,ical alterations were still moderate, the maximal revacc ination effect being attained only 
5 days aftcr the doubled revaecination. These differences may be due to the circumstance that the anatoxin. 
being a soluble antigen, act~ directly on the lymphoidat tissues while the corpuscular antigen, before [:,:coming 
a plasmacytic stimulus, has to be phagocytizvd and be subjected to intraeellular splitting. Whatever the reasons. 
~ e  fact remains there was muc h less respond, by the plasma cells to corpuscular antigens than to immunization 
with anatox/a~. 

The data obtained show that the general character of the cellular response, regardless of  the antigen being 
used, differs from the first to the secondary challenge and seems to follow definite immunological laws, i.e., 
the effect of revaccination can be noted. This circumstance seems to be evidence of the close relationship the 
plasmaeytic cytologicaI changes being studied bear to the mechanism of antibody production. 

In a ~arch for further evidence of the association of the plasmacy.tic reaction with the processes of anti- 
body formation, we attempted to determine the state of the lymphoidal elements during plasmacytie alterations 
occurring during manifistations of  immunological inhibition as established in the laboratory of P.F. Zdrodovsky 
by K.T. Khalyapin, E.F. Vakarina and E.M. Goliaevich as well as by A.A. Klimentova and other co-workers. It 
was supposed that demonstration of the inhibition of the plasmacytic reaction in the [ymphoidal tissues;, synchro- 
nized with immunological inh~ition, on the one hand would clarify our understanding of the substrate of im- 
munological inhibition and, on the other hand; would serve as an indirect but still substantial argumen,t in favor 
of the plasmacytic hypothesis of  the production of antibodies. With these goals in mind. the guinea pigs were 
subjected, after the doubled revaccinations (see Fig. 2) which had produced a very marked immunological 
response, to two more revaceinations at %day intervals. As in the preceding experiments, every 2-3 days three 
guinea pigs were opened;the spleen and the iymphatie glands of the groin were examined. At the same time, 
blood was drawn from the animals for serological studies. 

The experiments demonstrated that the regional .groin lymph gland responds much more weakly ~:o the 
3rd and 4th revaeeinations, i.e., the plasmac)~ie reaction shows a state of  fatigue. The lymph gland in the groin 
on the opposite side, which reacted very weakly to the primary vaccination and moderately to the do,bled re- 
immunization, contrariwise, showed a marked response to the third introduction of the antigen and oniy then 
entered into a state of inhibition, as the fourth introduction of the antigen did not elicit a response. A very si- 
milar curve was obtained for the response of the spleen, the difference being that ~ e  marked response came 
with the fourth revaccination. Thus, it was found that the different lymphoid structures become involved se- 
quentially in the immunological process, each attaining separately a state of maximum activity and then 
undergoing inhibition. It  is quite evident that with such a state of affairs the serological blood picture ,cannot 
reflect simultaneousty all the immunological processeS. Actually, in the en t re  organism the changes described 
for the various organs svm up a gradual decrease and the agglutinin liter in the blood gradually falls from 

1 �9 7 8 , 6 o 0  to 1 : 2 5 , 0 0 0 .  

One method of  solving the problems presente~; by fills portion of  our work would be a separate determina- 
tion of the antibody tiler of  each organ, this being [he object of our further studies. Making a general ~arvey of 
our remits so far. we conclude that repeated injections of  an antigen may lead to inhibition o f  separate im- 
mtmologically active organs this being accompanied by a partial decrease of their reactivity, the production of 
agglutinins to the last revacc/nation being only a third of  the response to the first two revaceinations. 

There is still no reason advanced for the fact of  the marked lag in the blood antibody tilers as compared 
with the changes occurring in the lymphoidal tissues seen when the rabbits were being immunized with anatoxin. 
Figure 1 shows that there is a disparity between the two processes expressed by a period of ~0-25 days with the 
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primary immunization and 6-8 days with revaccinatton. R .thould be underscored that antibodies begil:~ to increase 
only some time after the plasmacytlc wave has ended. This fact makes it difficult to believe that the plasma 
cells ire tfte direct agents producing the antibodies. 

There may be two explanations for tfiis phenomenon: either the antitoxin is formed by the plasma series 
cells and then gradually accumulated after some time by the producing organ, or the rise of the pla~macyt|c 
�9 is not directly associated With antitoxin production but corresponds to some intermediate stage of lm- 
munogenesis in a phase preceding the obvious accumulation of the ready antitoxin. Along the indicated lines 
of thought, we have undertaken special studies in an attempt to determine the amount of the antibodies present 
in the lymph glands at various time Intervals after the introduction of the antigen. 

SUMMARY 

Rabbits were immunized with diphtheria anatoxin. Guinea pig~ were immunized with G~tner paratyphoid 
vaccine. Immature plasmacytic cells were shown to appear in the regional lymph glands.in both instances. After 
a maximum had been reached, this respol3se waned before antibodies could be demonstrated in Re blcn)d. 

Repetition of the injections led to an eventual inhibition of this process so that the lymphoid organs ceased 
to respond with a lymphoid reaction. The regional lymph glands, the distant lymph gland's and the spleen did 
not show a synchronization of the curves of their responses to the primary and the succeeding challenges with 
the antigen. 

The plasmacytic reaction must be closely associated with antibody formation. The precise relal~ion~hll~ 
of the various glands in the process are the object of fur~er studies being undertaken. 
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