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The investigation of the differences in the clinical and immunological reactions of the immune and non- 
immune system to the administration of antigen has been described in the literature sufficiently. However, the 
physiological mechanisms which determine these differences, including the parameters of the excitability of 
the tissues and systems, have been studied little [1, 2, 3, 4]. In this connection, a comparative investigation 
of the chronaxy of the various tissues of the immune and non-immune animal during antigen administration 
represents considerable interest. 

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

The experiments were carried out on rabbits which were immune to tetanus and botulism and on non- 
immune ones, on which were made determinations of the subordinate chronaxy of the tibial mnscle and of the 
sciatic nerve on the side on which the toxin was administered during several days before and after the admin- 
istration of toxin; in addition, the chronaxy of the spinal cord and of the motor zone of the cerebral cortex 
were determined. Tile work was carried out on 34 rabbits - 13 immune ones and 21 non-immune. The chronaxy 
of th e spinal cord was determined either through the skin after preliminary (several days in advance) excision of the 

:spinous process and arch of one of the lumbar vertebrae, or with the help of needle electrodes which touched 
each other through the intervertebral space. Silver needle electrodes were used to determine the subordinate 
chronaxy of the muscles. The chronaxy of the motor zone of the cerebral cortex was determined either through 
the skin after the preliminary excision of the corresponding area of the skull bone, or with the help of platinum 
electrodes (0.8 mm in diameter), which were enclosed in a plastic sleeve passed through the trephined opening. 

A condenser chronaximeter was used in the experiments. The chronaxy determinationwas carried out 
unipolarly. The inert electrode was inserted in the animal's rectum. 

The experiment was carried out in the following manner. For several days prior to the administration of 
toxin, the chronaxy of the rabbits was determined, after which 0.28 - 0.3 ml of toxin was administered into the 
tibial muscle and the ehronaxy was determined again during the hour. Later the ehronaxy was determined daily. 
The rheobase was measured in volts, the chronaxy in microfarads with subsequent conversion into sigmas. 

Ex.~eriments on rabbits not immune and immune to tetanus {series1), The following doses of toxin were 
administered to the non-immune animals per 1 kg of weight. 



10 mouse MLD - 1 rabbit  
75 mouse MLD - 6 rabbits 

100 mouse MLD - 4 rabbits 
150 mouse MLD - 2 rabbits 

The adminis t ra t ion of 10 mouse MLD of tetanus toxin into the anterior  t ibia l  muscle  caused the deve lop-  
ment  of a weaMy evidenced loca l i zed  tetanus. The adminis t ra t ion of 75 and 100 MLD per 1 kg of weight also 
led to file appearance  of loca l ized  tetanus which changed into tile genera l ized  form only in some rabbits .  The 
adminis trat ion of 160 MLD per 1 kg of weight caused general  tetanus with a subsequent fatal  ou tcome,  

The extent  of the changes in the chronaxy level  and the nature of the deve lopment  of the c l in ica l  p ic ture  
of file disease in the an imal  depended on the dosage of the adminis tered toxin.  Thus, with the adminis t ra t ion of 

10 mouse MLD of tetanus toxin per 1 kg of weight ,  large fluctuations of the chronaxy were not observed at  any of 
the determined points.  With the adminis trat ion of 78or 100 MLD per 1 kg  of weight,  however,  considerable changes 
in chronaxy were noted.  In the major i ty  of experiments  (9 out of 12), the rheobase and chronaxy changed in the 

same direct ion,  i . e . ,  when the rheobase increased,  the chronaxy increased and v ice  versa.  

Iu the first minutes after the adminis t ra t ion of toxin,  a slight shortening of the chronaxy developed,  ch ie f ly  
of the subordinate chronaxy of the muscle and nerve.  In �89 hours, when there were st i l l  no signs of tetanus, a 
lengthening of the chronaxy was observed, which cont inued to increase in the subsequent days, reaching a con-  
s iderable  size in comparison with the l iormal.  When the illness remained  at  the stage of loca l i zed  tetanus, the 
chronaxy indicators returned to the original  level  9-10 days after the adminis t ra t ion of the toxin.  In the case 
of general ized tetanus, the chronaxy suffered considerable changes, typif ied by an in i t ia l  shortening with a sub- 

sequent sharp lengthening of i t .  

With the appearance  of genera l ized  tetanus, changes also appeared in the motor zone of the cerebral  cortex 

which, as a rule,  were absent from the phenomena of local  tetanus.  This fact indicates  that ,  with the local  form 
of tetanus, the change in the level  of the process of exc i t ab i l i t y  spreads chief ly  to the motor neurons of the corres- 
ponding segments of the spinal column,  while in general ized tetanus, the motor zone of the cerebral  cortex is 

also a t t acked .  

The immuniza t ion  of the rabbits against  tetanus was carried out by the adminis t ra t ion of 1 ml of p r e -  

c ip i ta ted  tetanus anatoxin subcutaneously,  and 3 -4  months la ter  revaccina t ion  was carried out by the subcutaneous 
adminis trat ion of the same amount  of anatoxin.  In file exper iment  shown in Fig .  1, the tetanus toxin was a d m i n -  

l months before the exper iment  was equal  istered 8 m o n t ~  after revacc ina t ion .  The AE t i t re  of this rabbit  2 ~  
to 1 AE. 

For comparison,  in some experiments  immune  as well  as non- immune  rabbits which were adminis tered 
the dame amount  of toxin (7~5, 100, 150 mouse MLD each)  were invest igated s imul taneously .  

The adminis t ra t ion of equal doses of toxin into a muscle  had a different effect  on immune  and non- immune  

rabbi ts .  While no signs of illness appeared in the immune  animals ,  the non - immune  rabbits fel l  i l l  either with 

loca l i zed  or general ized tetanus; in the la t te r  case death ensued in 5-6 days.  

The difference was evident  not only in the an imal ' s  condit ion but a l so in  the changes in the indicators of 
chronaxy. The adminis t ra t ion of a fatal  dose of toxin into the muscle  of an immune  rabbit  caused a slight 
change in the subordinate chronaxy of the muscle  and nerve on the side of toxin adminis t ra t ion .  These changes 
disappeared on the 3-4th day; the chronaxy changes of the control non- immune  an imal  were more sharply 
evident .  It should be noted that  the lengthening of the chronaxy of the muscle  of a non- immune  an imal  was 
not connected with its r ig id i ty  and consequently,  with the loss of its cont rac t i l i ty  since:  1) the lengthening of the 
chronaxy occurred before the c l in ica l  signs of tetanus were found); 2) the te tany of the muscles of the affected 
ex t remi ty  o f  the rabbits which survived the adminis trat ion of tetanus toxin remained  for a prolonged period,  

while the chronaxy of the muscles gradual ly  returned to the original  level  (Fig. 1). 

Experiments on rabbits ,  not immune  and immune  to botul ism.  In this group of exper iments ,  rabbits were 
used which had been immunized  one t ime by the subcutaneous adminis trat ion of 1 ml of prec ip i ta ted  botulinus 
anatoxin type "A ~ and revaecina ted  by the subcutaneous adminis trat ion of the same amount  of anatoxin 8-9 

months la te r .  ,5 immune  and 4 non- immune  rabbits were taken for the exper iment .  The level  of the normal  

fluctuations of the chronaxy was determined in a l l  the rabbits during 8-4  days prier to toxin adminis t ra t ion.  
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After thi~, botulinus toxin series "A" IEM -2 (Institute of Experimental  Medic ine)  was adminis tered in the anterior 
t ib ia l  muscle in le thal  doses (5 mouse MLD per 1 k g o f t h e a n i m a l ' s  body weight; I mouse MLD = 0.00025 rag). 

The toxin was adminis tered to the immunized  rabbits 1-2 months after revacc ina t ion .  
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Fig .  i .  Changes in the chronaxy after adminis t ra t ion of tetanus tox in .  
(75 mouse MLD/kg) to non- immune  ( a ) a n d  immune  (b) rabbits .  Arrows 
marl: the adminis t ra t ion of toxin.  A ) loca l  te tanus .  

1) t ib ia l  muscle ,  2) spinal column,  3) brain,  4) sc ia t ic  nerve.  

ha Pig. 2 are shown the results of an exper iment  in which equal doses of botulinus toxin were adminis tered 
on the same day to immune  and non - immune  rabbits .  

The adminis t ra t ion of such doses of toxin to non - immune  animals  caused illness within 24 hours, 
the c t in ica l  signs of which Were evident  as a fal l  of  the muscle  tone of the extremit ies  and neck, increased 
frequency of respirat ion and the deve lopment  of ta les .  As these phenomena grew, the an ima l ' s  death occurred 

3-5 days after toxin adminis t ra t ion .  On autopsy, hemorrhagic  destruction of the upper lobes of the lungs, 

hyperemia  of the t racheal  mucosa,  and distention of the intestines were found. 

No signs of illness were found in immurae rabbits after the adminis t ra t ion of the same doses of toxin.  

As is seen in Fig.  2, the chronaxy changes in immune  and non- immune  rabbits after toxin adminis t ra t ion 
were different .  While  i t  was possible to note a f leet ing and weak devia t ion  of the subordinate chronaxy of the 

muscle  and nerve in the immune  rabbi t s , in  t h e n o n - i m m u n e  rabbits eomiderab le  disruption of the chronaximetr ic  
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Fig .  2. Changes in the chronaxy of non- immune  
(a) and  immune  (b) rabbits after adminis trat ion 
of botulinus toxin (5 MLB / kg), 
Symbols are the same as in Fig.  1. 

indicators at  a l l  the determined points was observed. The 
sharpest changes, consisting of a considerable lengthening 
of the chronaxy, were observed in the motor zone of the 
cerebral  cortex.  Sometimes the shortening phase preceded 

the lengthening phase of the chronaxy of the motor zone of 
the cerebral  cortex.  

In the control experiments the following was done: 
1) prolonged determinat ion  of the ehronaxy of normal rabbits; 
2) determinat ion of the cltronaxy after the adminis trat ion of 
physiological  solution in the muscle.  In order to establish 
the l imi t  of the normal fluctuations of the chronaxy,  in 4 
rabbits the rheobase and chronaxy were determined for 6 
days at  intervals of 1-2 days.  Then an interval  of 38 days 
elapsed.  At the end of this t ime ,  the rheobase and chronaxy 
were again determined for 7 days. The exper imenta l  results 
ind ica te  that the numer ica l  indicators of the chronaxy are 
not constant. However, the chronaxy fluctuations of hea l thy  
rabbits over a prolonged period of t ime are insignif icant .  
After the p re l iminary  determinat ion  of the chronaxy, 0.25 -~ 
0.3 ml of physiological  solution was adminis tered into the 
t ibial  muscle of three rabbits,  which also did not cause 
not iceable  changes in the ehronaxy.  

On comparing the changes in chronaxy developing 
under the influence of tetanus and botulinus toxins in non- 
immune  rabbits,  dist inct  differences were noted.  Thus, 
after the adminis trat ion of tetanus toxin into the muscle ,  
the most s ignif icant  changes were observed in the muscle 
and the least  s ignif icant  ones in the nerve and in the 
spinal column.  Changes in the chronaxy of the motor zone of 
the cerebral  cortex in response to the adminis trat ion of toxin 
were noted only in the last days before the an imal ' s  death.  

In contrast to this, the adminis t ra t ion of botulinus 
toxin into the muscle of non- immune  animals  caused a 
signif icant  lengthening of the chronaxy of the motor zone 

of ' the  cerebral  cortex of ear ly  onset ,while  the ehronaxy of the muscle ,  nerve and spinal column changed less 
s ignif icant ly .  

N. V. Golikov [2] observed the change in the subordinate chronaxy of the muscles and nerves on admin - 
istration of tetanus toxin to non- immune  rabbits.  He also noted that the change in chronaxy occurs before the 
deve lopment  of the c l i n i c a l p i c t u r e  of the disease and is charac ter ized  by an interchange of the lengthening 
and shortening phases of the chronaxy. 

The adminis trat ion of toxins to immune  animals does not cause s ignif icant  changes in the Chronaxy. 
Similar  differences in the reactions of the tissues of immune and hen - immune  animals  were observed also by 
A.  T.  Kravchenko and N. V. Galanova [5], A. D. Ado [1], A. N. Gordienko [3, 4] and others with the act ion of 
various endotoxins (brucellosis,  typhus, dysentery,  diphtheria ,  anthrax).  

The immune  s tate  of the system is character ized by a lowering of the sensi t ivi ty  and by the absence of 
s ignif icant  disturbances in the exc i t ab i l i ty  of the tissues and systems of the organism to pathogenic  agents.  
While in non- immune  rabbits after the administrat ion of toxins, a considerable rise in the normal chronaxy 
level  of ear ly onset is observed, only a weak and f leet ing change in the chronaxy could be observed in immune 

animals .  
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SUMMARY 

Chronaximetrie reactiom of immune and nonimmune rabbits after injection of lethal doses of toxin 
differ .  Immune animals reveal no essential changes In ehronaxy of muscles, nerve, spinal cord and brain when 
toxin is injected, 

Nonimmune rabbits reveal a considerable change of chronoxy. Most pronounced changes arise in muscle 
when tetanus toxin is injected and in the motor zone of the cerebral cortex when botulinus toxin is injected. 
Changes in chronaxy appear earlier than clinical symptoms of the disease, 
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