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In recent years the participation of the lymph nodes and spleen in the production of antibodies has been 
demonstrated in diverse immunological forms. However, it is not known which lymphoid tissue is involved, or 
when it engages in the process of immunogenesis. 

Therefore, it seemed of interest to us to elucidate the degree of participation of the various lymphoid 
organs in the systemic immunologic response to injection of an anatoxin, depending upon the character of the 
injected preparation (crude or depot ) and on the immunization scheme. 

In connection with this, we followed the suggestion of P. F. Zdrodovskii and undertook a detailed study of 
the antitoxin content in the blood and in a series of the lymphoid organs (spleen, popliteal, iliac, axillary, sub- 
scapular, cervical and mesenteric lymph nodes). Simultaneously, these organs were investigated cytologically. 
The lymph nodes were taken from both the same and opposite sides relative to the antigen injection. 

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

The experiments were carried out on rabbits, 1.5-2 kg in weight. In all cases the antigen was injected 
subcutaneously, into the lower portion of the right posterior extremity. The antitoxin in the lymph nodes, spleen 
and blood was determined dynamically, on the 8th, 10th, 15th, 25th, 30th, 40th, and 60th days following the 
initial injection of anatoxin, and on the 3rd, 5th, t0th, and 15th day after revaecination. As the antigen we 
used diphtheria and tetanus anatoxins. 

In the first series of experiments we used 36 rabbits for the initial immunization - 18 in each group. Crude 
anatoxin was injected into the animals of the first group, in a dose of 20 Lf. The same amount of a precipitated 
preparation (with 1% alum) was administered to the animals of the second group. At each time interval we 
sacrificed 3 rabbits by exsanguination following the method described in Report I. 

In the second series of experiments, performed on 42 rabbits, we studied antitoxin formation under re- 
vaccination conditions. For this purpose we performed a second injection of the same dose (20 Lf) of crude 
anatoxin 3 months after the initial immunization. 

EXPERIMENTAL RESULTS 

The investigation showed that the initial injection of antigen is accompanied by a latent period, during 
which it is not possible to demonstrate antitoxin in the lymphoid organs or the blood. Only after the 8-10th day 
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(with injection of tetanus anatoxin) or 12-14th day (with injection of diphtheria anatoxin) does there begin a 
weak production of antitoxin in the regional nodes. At approximately the same time or a little later the anti- 
toxin also appears in the Mood. The same results were obtained when the rabbits were injected with the pre- 
cipitated anatoxin. 

Regardless of the character of the preparation injected (crude or depot) the remaining lymph nodes and 
Spleen donot manifest antitoxin accumulation. 

Cellular shifts were seen on the side of the anatoxin injection. An increase in the number of plasmoblasts 
occurred in the regional node at early intervals following the antigen administration. This increase reached its 
maximum on the 5th day~ on the 10th day the celliJlar reaction subsided. Cellular reaction in the distant nodes 
and spleen was very weak. 

Thus, the initial injection of antigen is accompanied by very weak production of antitoxin in the regional 
nodes. Apparently at this time the cellular reorganization of the organs is just forming, for the subsequent pro- 
vision of antitoxin synthesis. 
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Fig. 1, Content of antitoxin in the blood and lymphoid organs of rabbits following a 
repeat injection of diphtheria anatoxin, a) Initial and repeat immunization with 
crude anatoxin; b) initial immunization with adsorbed anatoxin, repeat with crude 
anatoxin. 

The results of antitoxin titration for the lymphoid organs and blood following the second injection of anti- 
gen are presented in Fig. 1,a and b, 

Regardless of the previous treatment of the animal, the repeat injection of crude anatoxin was accom- 
panied by an early (after 48 hours) appearance of antitoxin in the regional lymph node; the titer here reached 
its maximum on the 5th to 6th day, with a sharp decline in the subsequent days of observation, The fall in the 
antitoxin titer for the regional node coincided with a rise in the antitoxin level in the serum, Even by the 5th 
to 6th day after the anatoxin injection the antitoxin titer in the serum exceeded that in the regional node by 
many times. 

The remaining lymph nodes and the spleen, throughout the entire extent of the investigation, took only 
a negligible part in the formation of antitoxin, The titer in homogenates of these organs ranged from 0.005 
to 0.03 AE. We observed the same relationship in association with the initial immunization using treated ana- 
toxin (alum precipitated and adsorbed), The only difference was in a more energetic formation of antitoxin in 
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regional node and a transient participation (on the 5th day) of the remaining lymphoid organs in this process 
(see Fig. 1,b), 

The dynamics of the antitoxin formation in the lymphoid organs was the same with revaeeination of the 
rabbits using the precipitated anatoxin. The only difference consisted of a more intense and prolonged (16 days) 
production of antitoxin by the regional node, and a brief participation of the distant lymphoid organs in this 
process. However, the titer of antitoxin in these organs was many times lower than in the regional node. 

Data on the prolongation of antibody production are also found in the work of Ehrieh and co-workers [6], 
using dysentery vaccine in oil for the immunization. The fall in the agglutinin titer, in this ease, began on the 
14th day following injection of the vaccine. 
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Fig. 2. Cytological shifts in the lymphoid organs. ---- plasmo- 

blasts; -.--. titer of antitoxin in the blood; AT - injection of the 

crude anatoxin; PAT - injection of the precipitated anatoxin. 

Thus, use of the treated anatoxin, both for initial immunization as well as for revaccination, caused a 
generalized type of reaction in the lymphoid organs, i.e., the anatoxin behaved along the lines of a corpuscular 
antigen, as has been shown in the germerovskaya model by G. A. Gurvich and G. V. Shumakova [4]. 

The dynamics of the cytological changes in the regional node as compared with the antitoxin are pre- 
sented in Fig. 2. 

It is apparent from Fig. 2 that the intensity of the cytological and serological changes depends on the 
character of the initial immunization. A comparison of the cytological alterations with the curve of the anti- 
toxin formation shows that an accumulation of young forms of the plasma cell series precedes the appearance 
of antitoxin in the regional node and in the blood. 

The majority of investigators [1, 3, 6, 8] have indicated that the period of maximum antibody accumula- 
tion in the regional node precedes the cellular reaction. A detailed study of the cellular changes in the lymphoid 
organs was carried out by a number of authors [2, 8, 9, 10, 11, 12, 16]. 

Analyzing the responding reaction of the organism to the repeat injection of antigen, we see that the pat- 
tern of antitoxin formation does not depend on the character of the initial treatment of the animal, i.e., the 
regional node engages in the production of antitoxin first. With repeat injection of precipitated anatoxin the 
difference is seen in a more energetic and prolonged formation of the antitoxin by the regional node and by a 
brief participation of the remaining lymphoid organs in this process. 

We use the term "participation" became the development of antitoxin occurs as a result of active function 
of the distant lymphoid organs, and not through passive accumulation of the antitoxin in these regions. In the 
latter case the amount of antitoxin in the lymph nodes and spleen would rise in proportion to increases in the 
antitoxin level within the circulating blood. 

To support the difference we observed in the character of the lymphoid organs' immunologic response to 
the administration of the different preparations, we set up a supplementary series of experiments. 
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For the initial immunization the rabbits were injected simultaneously, but separately, with two antigens, 
administered into the same paw: alum-treated diphtheria anatoxin and crude tetanus. After 10 months these 
animals were revaccinated with a suspension of the two antigens, without depot formation. 

With simultaneous reactivation of both anatoxins the lymphoid tissue reacted with an energetic production 
of antitoxin to the diphtheria anatoxin and a weak production against the tetanus. The pattern of participation 
of the lymphoid organs remained as before, i.e., the regional node remained the active producer of antitoxin. 

When the structure of the experiment was reversed these lymphoid organs responded with a high production 
of antitoxin ~.o the tetanus anatoxin and a weak response to the diphtheria. 

On the basis of the experiments, carried out on 110 rabbits, we have postulated that the necessary level of 
antitoxin in the blood is essentially provided by the functioning of the regional node. 

This hypothesis is strengthened, in our opinion, by the experiments with extirpation of the regional node. 
In animals initially immunized with tetanus anatoxin certain organs were extirpated 48 hours after the injection 
of anatoxin. This series of experiments was carried out on 38 rabbits: in 10 the regional lymph node was removed 
in 8 -  the contralateral node, in 10 the antigen depot was taken out, and the last 10 served as the control (with- 
out operative intervention). 

The investigation showed that without operative intervention during the period of immunogenesis there was 
no decrease in the accumulation of antitoxin in the blood. The titer of antitoxin on the 30th day reached 0.1- 
0.25 AE; at the same time, with extirpation of the regional node 48 hours after the injection of anatoxin there 
was a sharp decrease (from 10-20 times) in the production of antitoxin (the antitoxin titer was < 0.01 AE). 

Comparable results were obtained by Stavitsky [13, 14, 15] and L. N. Fontalin [5], under conditions of both 
initial immunization and revaccination as well. 

Thus, ltae experiments we carried out on a large number of animals disclosed a significant difference in the 
reaction of the lymphoid organs depending on the character of the preparation used for the immunization. 

Study of the antitoxin formation showed that initial injection of the antigen (crude or depot) is accom- 
panied by a weak production of antitoxin in the regional node, and complete absence of immunologic activity 
in the distant lymph nodes and spleen. 

The immunologic activity of the regional node increases sharply with repeat injection of the antigen. In 
this case the immunologic reactivity of the lymphoid organs is directly proportional to the intensity of the initial 
immunization. This appears especially distinctly with the use of preparations that differ in their dispersing prop- 
erty. Thus, crude anatoxin causes a high revaceination effect, limited to the regional node. The introduction of 
the same antigen to animals initially immunized with depot anatoxin is accompanied by intense synthesis of anti- 
toxin by the regional node and brief participation of the distant lymph nodes and spleen in this process. Finally, 
the same antigen, injected with 1% alum, causes an overflow type of reaction, with participation of the distant 
lymph nodes and the spleen. However, in the homogenates of the regional node the content of antitoxin is al- 
ways higher than in the other lymphoid organs. 

On the basis of the experiments carried out we have postulated that the necessary level of antitoxin in the 
blood is essentially provided by the functioning of the regional node. This hypothesis is strengthened by the ex- 
periments with extirpation of the regional node, the latter leading to a sharp decrease in the production of anti- 
toxin. 

We were able to show that the possibility exists of controlling the processes of antitoxin formation under 
revaccination conditions. One can limit the extent of this process to the bounds of the regional node by the in- 
jection of crude anatoxin, or expand the process throughout the entire lymphoid system by the use of a depot 
preparation. 

SUMMARY 

Experiments carried out on 110 rabbits were devoted to the comparative study of the relationship between 
immunological reactivity of lymphoid organs and the character of the antigen administered (crude and adsorbed) 
as well as the immunization scheme. Toxoid was injected subcutaneously into the inferior part of the posterior 
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extremity. Antitoxin was determined in dynamics in the regional and distant lymph nodes, as well as in the 
spleen and blood, As shown by the investigations, primary injection of the antigen, irrespective of its character. 
is accompanied by a weak regional lymph node antitoxin production and complete absence of antitoxin accumu- 
lation in the distant lymphoid organs. 

With repeated antigen administration the immunological activity of the regional lymph node showed a 
marked rise. Immunological reactivity of lymphoid organs is directly proportional to the intensity of the pri- 
mary immunization. Crude toxoid provokes a high revaccination effect limited to the regional lymph node. 
Administration of the same antigen to the animals which received adsorbed toxoid in primary immunization is 
accompanied by an intense antitoxin synthesis by the regional lymph node with a brief involvement into this proc- 
ess of distant lymph nodes and spleen. The same antigen administered with a 1% alum causes a diffuse type of 
reaction. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. S o m e  o r  a l l  o[  t h i s  p e r i -  

o d i c a l  l i t e r a t u r e  m a y  w e l l  b e  a v a i l a b l e  in E n g l i s h  t r a n s l a t i o n .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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