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The question as to the site of formation of antibodtes, In spite of the many years of study, Is still far fom
having been solved. At present a widening acceptance is developing of eytological alterations which accompany
the processes of antibody production and which are denoted the "plasmacytic reaction”, Associated with this has
arisen the supposition that the plasma cells form the antibodjes. Indeed, certain workers have observed directly
the production of antibodies by plasmacytes. Thus, Fagraeus in 1948 demonstrated an accumulation of agglutinins
in spleen cultures, very richly endowed with plasma cells, while in 1955 Coons, Leduc and Connolly uncovered
by means of fluorescence techniques the presence of antitoxin in these cells, When compared with older con-
cepts as to the site of antibody formatien such as the reticuloendothelial and lymphoidal theories, the plasma-
cytic hypothesis does not express a new thought excluding the two just named. On the contrary, it really is an
extension of zither one or both of them and represents a finer and more contemporary analysis of the develop-
ments taking place in the lymphatic glands and spleen after the introduction of the antigen.

The aim of the present investigation was, first of all, to reproduce this phenomenon during the immun{-
zatfon of animals with varfous antigens and, in the second place, to proceed to a detailed study of the dynamics
of the cytological alterations associated with the production of antibodies in the different stages of the process
of Immunization. ‘

EXPERIMENTAL METHODS

Rabbits welghing 2 to 2.5 kg were immunized with adsorbed diphtherfa anatoxin, the injections being
made under the skin of the right shin {n a dose of 1 cc this corresponding to 65 Ly, 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 and 30
days after the injection. The second njection of the anatoxin was given on the 30th day while the later rein-
oculation was performed 6 - 8 months later using the same amount of anatoxin and the same site of injection.
The cytological alterations and antitoxin titers were determined 2, 4, 6, 8 and 10 days after the second intro-
duction of the antigen. Two to three rabbits were opened on each of the indicated days. Almgether. 46 tm-
munized and 10 normal rabbits were examined.

The cytological alterations were studied from imprints taken of the right and le_ft popliteal lymph glands
and of the spleen. The rabbits were narcotized with urethane and opened and the spleen perfused with physlolo-
gical saline to free it of blood, as an excess of it is reflected in a poor quality of the imprints. The perfusion

*Within our laboratory we have undertaken recently a review of previously established relationships in regard to
formation of immune bodies, cytological studies being done on the lymphold organs—the site of their formation.
" This is the first of a planned series of studies,
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was performed by introducing the solution into the left veatrivle of the heart and continued until the fluid drawn
from the inferfor vena cava became transparent.

The fmprints made were fixed in methyl alcoliol and stained with azuee cosin, some being addltionally
colored with methyl green-pyronine. In reéviewing the preparations 50 oil tminersion ficlds were examined and
the plasma cell scries were counted, using the fcrminology of Fagracus i.e., they were classificd as transitional;
fmmature or mature plasmacytes, '

Fifty guinea pigs were immunized with heated Gartmer paratyphoid vaccine, the dose being 500 million
microbes and the injection being made under the skin of the right paw. They were opened under ether anes-
thesia, The method of preparing the imprints was the same,

EXPERIMENTAL RESULTS

In normal animals the total number of the indicated cells did not exceed 10-15 for the 50 fields examined.
I all the immunized rabbits within 2 to § days after the introduction of the antigen there was observed a marked
fncrease in the number of the transitory type cells, i.e., cells measuring 8-12 g, having a regular rounded form
and large, more or less fluffy, 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
on which the anatoxin was introduced. The opposite popliteal gland gave a reaction analogous in character and
synchronous in time but less intetise. The spleen gave negligible evidence of changes. The dynamics of the
cytological 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 diphtheria anatoxin (average data).

As can be ssen from Fig. 1, the cellular response to the second fnoculation 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 day-after 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 showed some increase in the
number of plasmacytes, in rabbits as well as in the guinea pigs being at the expense of the less mature transitory
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and Juvenile cells. After some Increase, by the Tth day the fntensity of the cell response began to diminish, not
rcaching hase level, however, until the D0th day. In gencral, the plasmacytic response to the intraduction of the

corpuscular antigen Is characterized by a relatively Tow intensity and for a considerable length of tiine the reaction
vould be still demonstrated, '
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Fig. 2. Plasmaeytic 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 recopstruction of the organism was studied under condi-
tions of “doubling” reimmunization 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 Sth days after the first
reinoculation and on the 3rd, 5th and 10th days following the second reinoculations. As can be scen in Fig. 2,
plasma cells were definitely seen to be increasing from the Sth day after the first reinoculation. By the 3rd day
after the second reinoculation the plasmacytic 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
more 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
titer of 1: 1000 and then diminishing gradually up to the 60th day. The doubled reinoculation gave a much
sharper rise in the titer; the residual reading of 1:460 rose to 1:76,800 by the 10th 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 demonstrated the preponderance of the
early, immature forms described by Fagracus and other authors as the beginning of the plasmacytic reaction. It
{s well-known that from the view-point of functional activity these cells are considered to be of the greatest
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significance as an {ndicadon of the accumulation of the antibodics, However, we did not observe the further
development of these forms into the mature plasma cells, f.e., the so-called “maturation” reaction did not take
place, Instead our experiments showed a regression of the reaction, It thus appears that the stage of mature
plasma cells {s not estential for the cell réaction being discussed,

The coursc of the plasmmacytic reaction, to a considerable extent, fs determined by the character of the
antigen. Thus, with the primary imnmunization with the anatoxin the plasmacytic wave had-a definite peak and
ended by the 8th day, while with bacterial vaccination the intensity of the reaction was less, the wave, rising
and falling sharply and lasting somc 20 days, The same relationships exist with revaccination. While the second
introduction of the anatoxin gave maximal cytologic cltanges within the day, by the 5th day after inwroduction
of vaccine the cytological alterations were stifl moderate, the maximal revaccination effect being attained only
5 days after the doubled revaccination. These differences may be due to the circumstance that the anatoxin,
being a soluble antigen, acts directly on dic lymphoidal tissues while the corpuscular antigen, before becoming
a plasmacytic stimulus, has to be phagoeytized and be subjected to intracellular splitting. Whatever the rcasons,
the fact rtemains there was much less response by the plasma cells to corpuscular antigens than to immunization
with anatoxin.

The data obtained show that the general character of the cellular response, regardiess of the aatigen being
used, differs from the first to the secondary challenge and seems to follow definite immunological laws, Le.,
the effect of revaccination can be noted. This circumstance seems to be evidence of the closc relationship the
plasmacytic cytological changes being studied bear to the mechanism of antibody production.

In a search for further evidence of the association of the plasmacytic reaction with the processcs of anti-
body formation, we attempted to determine the state of the lymphoidal elements during plasmacytic alterations
occurring during mauifistations of immunological inhibition as established in the laboratory of P.F. Zdrodovsky
by K.T. Khalyapin, E.F. Vakarina and E.M. Golinevich 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 lymphoidal tissues, synchro-
nized with immunological inhibition, 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 argument 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 revaccinations at 7-day intervals. As in the preceding experiments, every 2-3 days three
guinea pigs were opened;the spleen and the Iymphatic 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 to the
3rd and 4th revaccinations, i.e., the plasmacytic reaction shows a state of fatigue. The Iymph gland in the groin
on the opposite side, which reacted very weakly to the primary vaccination and moderately to the doubled re-
immunization, contrariwise, showed a marked response to the third introduction of the antigen and only then
entered into a state of inhibition, as the fourth introduction of the antigen did not elicit a responsc. A very si-
milar curve was obtained for the response of the spleen, the difference being that the 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 simultaneously all the immunological processes. Actually, in the entire organism the changes described
for the various organs svm up a gradual decrease and the agglutinin titer in the blood gradually falls from
178,600 to 1: 25,000,

One method of solving the problems presented by this portion of our work would be a separate determina-
tion of the antibody titer of each organ, this being the object of our further studies, Making a general survey of
our results so far, we conclude that repeated injections of an antigen may lead to inhibition of separate im-
munologically active organs this being accompanied by a partial decrease of their reactivity, the production of
agglutinins to the last revaccination being only a third of the response to the first two revaccinations.

There is still no reason advanced for the fact of the marked lag in the blood antibody titers 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 20-25 days with the
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primary fmmunization and 6-8 days with revaccination. It should be underscared that antibodies begin to tncrease
only some time after the plasmacytic wave has ended, This fact makes it difficult to believe that the plasma
celis are the direct agents producing the antibodics.

There may be two explanations for this phenomenon: either the antitoxin s formed by the plasina series
cells and then gradually accumulated after some time by the producing organ, or the rise of the plasmacytic
cells is not.dircctly assoclated with antitoxin production but corresponds to some intermediate stage of im-
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 pigs were immunized with Gartner paratyphoid
vaccine, Immature plasmacytic cells were shown to appear in the regional lymph glands.in both instances. After
a maximum had been reached, this response waned before antibodies could be demonstrated in the blood.

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 glands 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 relationships
of the various glands in the process are the object of further studies being undertaken.
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