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As shown in our previous invest igat ion [1], excessive exc i ta t ion  of the central  nervous system unfavorably 
affects the deve lopment  of exper imenta l  tuberculosis.  In the present work we studied the effect  of  modera te  
exc i ta t ion  of the central  nervous system on the deve lopment  of the indica ted  pa tho log ica l  process. 

Such a condit ion can be produced with the help of caffe ine  inject ions.  Prolonged adminis t ra t ion of  small  
doses of caffeine,  V. K. Fedorov points out,  leads to increased exc i t ab i l i t y  of the cerebra l  cortex and, through 
induction,  to an increase in internal  inhibi t ion and an increase in the mobi l i ty  of the nerve processes [V. K. Fedorov, 2j, 

We studied tile ef fec t  of  smal l  doses of caffeine on the course of  exper imenta l  tuberculosis in 207 white mice 
weighing from 17 to 20 g. Caffeine (0.05 mg for each mouse) was adminis tered  to part  of  them (89); subcutaneously 

da i ly  for 7 days prior to infect ion;  caffe ine  was not adminis tered to 86 mice ,  which composed the control  group, 
After 7 days,  the exper imenta l  and control  mice  were infected intravenously with a culture of tuberculosis bacter ia  
(strain 109 of the bovine type)  in a dose of 0.015 m g i n  0.25 ml of physiological  solution. Dai ly  caffe ine  inject ions 
of  the exper imenta l  mice  were continued until  the 41st day from the t ime of infect ion.  Then caffe ine  adminis t ra t ion 
was discontinued for 33 mice  of the exper imenta l  group, since in the above-men t ioned  work of V. K. Fedorov i t  was 
established that the effect  of smal l  doses of  caf fe ine ,  adminis tered for 40-45 days, remains  during the subsequent 

20 days. 

Out of 34 which went into the second control  group, 4 were k i l l ed  before the beginning of the exper iment  as 
a control, over the original  state of the internal  organs. The effect  of prolonged use of  caffe ine  on the in ternal  
organs was studied on the remaining  28 uninfected mice .  Experimental  and control  mice  were k i l led  during the 
course of the exper iment ,  on the 6th, 18th, 24th, 30th, 41st, 50th and 60th day after infect ion,  with 12-15 animals  
in each group. The mice  were weighed before autopsy. The lungs (together with the heart)  and the spleen were 
weighed and the coeff ic ient  of  the weight of the organs was de te rmined .  At autopsy, the pa thologica l  ana tomica l  
changes were found, evident  as the appearance  of  greyish-yel low nodes in the lungs and as an increase in the size 

of the spleen.  Visible changes were not observed in the other internal  organs. 

Microscopic appraisal  of the tuberculous changes in the lungs was made on the basis of a count of the 

number and of a de te rmina t ion  of the size of the tubercles.  
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E X P E R I M E N T A L  R E S U L T S  

Beginning on the 18th day after infect ion (macroscopica l ly  determinable  changes were not evident  at  
ear l ie r  periods) a difference was found in the number of tubercles formed in the lungs of animals  in the control  
group. (Table 1). Thus, on the 24th day after infect ion,  a considerable number of tubercles was found in 10 out  
of  13 control  animals .  At the same t ime ,  only in two cases out of 13 was a great  mimber of tubercles found 
among the exper imenta l  animals .  On the 24th, 41st and 60th day after infect ion,  tubercles in greater numbers 
and of a greater  size were found in the lungs of the major i ty  of mice  of the control  group, while at  the same 
t imes after infect ion,  tuberculous changes in the lungs of the exper imenta l  mice  were found in the form of single 
tubercles,  and only in a few mice  was a large number of tubercles found ( ' T a b l e  l t ) .  

During the period from the 41st to the 60th day of i l lness,  when the caffeine infections were stopped, a 
large number of tubercles was discovered in the lungs of part  of the exper imenta l  mice :  in 5 case out of 15 by the 
50th day ,  in 4 animals  out of 18 on the 60th day after infect ion.  At thOse same t imes ,  pa thologica l  ana tomica l  
changes in the lungs of the centrol  animals  were incomparably  more evident .  

T A B L E  I 

Number of Tubercles  in the Lungs of White Mice  
(according to, autopsy data)  

T i m e  of ob-  
servation 
, ( in  days) 

6 
18 
24 
30 
41 
50 
60 

number 
of mice  

1 
10 
13 
10 
11 
14 
17 

Con rg~l 

@- 

2 

1 
6 5 

3 2 

§  + §  

2 4 ? 
3 
1 9 
1 2 
3 9 

number 
of mice  

!1 
12 
13 
10 
10 

' 15 
18 

Experiment 

- + 

1! ,-- 
l0 2 

8 
2 1 

- -  6 
3 6 
1 13 

+ +  + + +  

3 

5 
4 

Symbols: - absence of tubercles,  + single tubercles,  ++ smal l  number of tubercles,  
+++ large number of tubercles.  

The results of the exper iment  on a l l  autopsy days were as follows: a large number of tubercles were found 
in the lungs of  27 out of the control  group of  86 m i c e ,  single tubercles were found in 18 cases. Single tubercles 
were observed in the lungs of 36 mice  out of 89 exper imenta l  animals .  A large number of  tubercles was observed 
in only 12 observations (Fig. 1). 
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Fig. 1. Number of tubercles in the lungs of mice  of the  con-  

trol (a) and exper imenta l  (b) groups. 

I ) absence of tubercles,  II) single tubercles,  III) average  num- 
ber and IV) very many tubercles.  
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A difference in file weight increase of tile lungs and spleen was also observed in mice of both groups. 
Thus, the average weight of the lungs of the control mice by the 60th day of illness was 833.2 nag, of the spleen- 
713 rag; by the same time the average weight of the lungs of the experimental mice was 622.5 rag, of the spleen - 
322.5 nag. 

The weight of the hmgs of healthy mice  which received caffeine for a long time did not change substantially, 
varying between 530 and 584.5 mg on the average, tile weight of the spleen was not more than 240 rag. The co-  
efficient of the weight of the organ was taken as the indicator of the weight of tile organs of animals in the control 
and experimental groups. It was established that the weight coefficients of the lungs and spleen of mice  in the 
experimental and control groups changed in the same way as the absolute weight of these organs (Table 2). 

TABLE 2 

Combined Weight Data in Experiments Studying the Dynamics of the Tuberculosis Process in Mice 

Experimental Group 

Healthy mice:  
before the experiment 
receiving caffeine 6 times 

After infection: 
6 days after 

control . . . . . . . . . . . .  
experiment . . . . . . . . .  

18 days after 
control . . . . . . . . . . .  
experiment (caffeine 21 

times) 
healthy mice at this time 

24 days after 
control . . . . . . . . . . .  
experiment (caffeine 24 

t imes) 
healthy mice at this t ime 

30days after 
control . . , ........ 

experiment (caffeine 32 
times) 

healthy mice  at this time 
41 da'ys after 

control ............ 

expericnent (caffeine 40 
times) 

healthy mice at this time 
50 days after 

control . . . . . . . . . . .  
experiment (caffeine not 

administered) 
60 days after 

control ............ 

experiment (caffeine not 
administered) 

Average Weight 

of the body of the lungs 
(. in  g) _ (in mg) 

2a.2 
22.4 

23.8 
23 

22.3 
23 

27 

20.9 
22.8 

23 .8  

21.5 
23.6 

21.6 
25.5 

29 

27.2 
25.5 

25.1 
25.1 

635 
530 

461.6 
525 

620.9 
551.2 

616.5 

603.7 
576.8 

570 

608 
584 

7O5 
601 

566 

542.6 
611.1 

833.2 
622.5 

Average Coefficient 
r 

of the spleen 
(in_m)gZ___ 

350 
240 

238 

211 

467.5 

355 

370 

509.3 

394.3 

200 

472 

322 

511 

244 

2O9 

324.6 

454.7 

713.3 

322.5 

of the weight 
of file lungs 

24.8 
23.8 

20.1 
22.2 

27.9 
23.7 

22.6 

28.8 
25.2 

23.9 

28.2 
24.7 

31.2 
23.5 

19.5 

19.9 
23.9 

33.1 

24.7 

of the weight 
of th e s~e.en 

15.3 
8.8 

9.6 
8.9 

20.9 
15.4 

13.6 

24.3 
17.7 

8.3 

21.9 
13.2 

22.6 
9.5 

7.2 

11.9 
17.8 

28,4 
12.8 
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From the data of Table 2 it is evident that the weight of the lungs, spleen, and also the weight coefficients 
were higher in animals of the control group. 

Thus, a difference in the degree of affection with tuberculosis of mice of the control and experimental 
groups-was established. The number and size of the tubercles in the lungs, the absolute weight of the lungs and 
spleen, the coefficients of the weights of these organs were considerably larger in the control animals which did 
not receive caffeine than in the experimental ones. 

The lungs of animals of all three groups were taken 
...................... for histological examination (including the lungs of 

healthy mice, receiving caffeine); sections were stained 
with hematoxylin-eosin, Sudan III (for fat) and were stained 
for tubercle bacilli. Part of the sections were made with 
the freezing microtome; some organs were first imbedded 
in paraffin. 

From the 6th day of illness until the 60th day, 
morphological nonspecific changes in the form of lymphoid 
infiltrates, surrounding the bronchi and blood vesselswith a 
broad band were observed in the lungs of all the mice. The 
tubercles visible at autopsy in the lungs of the control and 
experimental mice represented areas of catarrhal-desquamating 
pneumonia histologically.. The alveoli in the affected part 

~-.. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  of the lung contained exudate, consisting primarily of alveolar 

Fig. 2. Histotopogram. Total affection of the macrophages - large cells with foamy protoplasm, an eccen- 
lungs, trically located nuclens and fatty inclusions vin the protoplasm. 

Mouse No. 611-control. Magnification 6x.  In addition to the alveolar macrophages, lymphoid cells ,and 
polymorphonuclear leucocytes were found in the exudate. 
Such tubercles were enclosed at the beginning of the ill- 
ness, but as the tuberculous process developed, they merged, 
forming massive diseased areas which contained tubercle 
bacilli, the latter were either located inside the macro- 
phages or lay free. The sizes of the tubercles in the control 
mice, according to microspic data, were considerably larger 
by comparison with the same measurements in the lungs of 
the experimental animals. Merged tubercles were most often 
seen in mice which had not had caffeine administered. They 
appeared earlier than in the experimental animals. On the 
60th day after infection the lung parenchyma of 10 animals 
out of lq in the control group was affected throughout, with 
the exception of a few alveoli free from exudate (Fig. 2). 
In 4 cases, wide areas of necrosis were observed, the affected 
parenchyma had the appearance of a homogeneous structure- 
less pink mass with an accumulation of nuclear powder. 
Merged tubercles were observed by the 60th day of illness 

Fig. 3.  Histotopogram. Merged tubercles, in only 4 cases out of 18 experimental mice. However, 
surrounded by airy lung tissue, in distinction to what was observed in the control animals, 
Mouse No. 589 - experiment. Magnification 5 X. in these cases considerable areas of airy pulmonary tissue 

occnrred around the merged tubercles. Evident necrosis 
was not observed in the affected part of the lungs of the experimental mice (Fig. 3). 

Microscopic examination of the lungs of healthy mice which received caffeine showed the presence of 
pulmonary tissue with unchanged structure in the majority of cases. The alveoli were free, the alveolar wails 
thin, In part of the cases perlbronchial and perivascular lympotd infiltrations, thickening of the alveolar wolts 
(due to proliferation of the histiocytic cells) were observed. Also observed were areas of emphysema; the bronchi 
were distended, the bronchial mucosa was smoothed, the alveolar walls thinned and torn. 
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Evaluating the changes observed quant i ta t ive ly ,  on the basis of macro-and  microscopy,  i t  can be noted 
that the number and sizes of file tubercles,  the weight of the lungs, spleen and coeff icients ,  of weight and of 
these organs were greater in mice  of the control group. Tubercles .of  average sizes and of a coalescent  nature 

were 'found more frequently in this same group of an imals .  Coalesced tubercles appeared considerably la ter  in 
mice  which has been adminis tered caffeine a long t ime;  necrot ic  affect ion of the lungs of the exper imenta l  
mice  was absent.  Summariz ing tile above results of observations, we can note that the prolonged adminis t ra t ion 
of small  doses of caffeine to white mice  infected with tuberculosis leads to a dist inct  mi t iga t ion  of the de~(elop- 
ment  of the specif ic  process. Consequently, moderate  re inforcement  of the processes of exci ta t ion  and internal  
inhibi t ion,  as well  as an increase in the mobi l i ty  of the nerve processes, has a posit ive effect  on the state of 

natural immuni ty  to tuberculous infect ion.  It is also possible to reach the conclusion from these data that 
changes in the functional s tate of the central  nervous system have a considerable effect  on the deve lopment  of 

exper imenta l  tuberculosis. 

S U M M A R Y  

The act ion of moderate  s t imulat ion of exc i ta tory  process in the centra l  nervous system upon deve lopment  

of experimen.tal tuberculosis was studied. 

Mice infected with tuberculosis rece ived  caffeine during 7 days before and 41 days after infect ion (0.05 mg 

subcutaneously).  

Macro-  and microscopic  research has showal that the number and size of tubercles,  weight of lungs and 

spleen and weight coefficients  of these organs are larger in mice  not in jec ted  with caffeine,  These mice  also 

revealed  some necrot ic  lesions in lungs which were not observed in mice  in jec ted .  

Thus repeated injections of caffe ine  increases resistance of  animals  against  exper imenta l  tuberculosis and 

leads to a t tenuat ion of the specif ic  process. 
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