
C H O L I N E S T E R A S E  A C T I V I T Y  OF THE C E N T R A L  N E R V O U S  S Y S T E M  

A N D  M U S C L E S  IN THE C O U R S E  OF E X P E R I M E N T A L  T E T A N U S  

(UDC 616.981.55!-092.9-07 : 616.83+616.74-008.931) 

L. V. D o n s k a y a ,  N. E. Z h e b r o v s k a y a ,  a n d  G. N. T s y b u l y a k  

Department of Physiology (Head, Dr. of Medical  Sciences L. V. Donskaya), 
Central Research Laboratory, Leningrad San.-Gig. Medical  Institute; 
and Department of Field Surgery (Head, Professor A. N. Berkutov), Order 
of Lenin Kirov Military Medical  Academy,  Leningrad 
(Presented by Active Member of the Academy of Medical  Sciences of the USSR S. V. Anichkov) 
Translated from Byulleten'  ~ksperimental 'noi  Biologii i Meditsiny, Vol. 61, No. 5, 
pp. 34-36, May, 1966 
Original ar t ic le  submitted May 29, 1965 

A number of authors [12-14] have associated the motor disturbances in tetanus with depression of the enzyme 
cholinesterase in the central  nervous system and the muscles. Very few investigations have been devoted to this 
problem, the methods used have varied, and the concIusions drawn are contradictory. For instance, it has been shown 
[% 9] that tetanus toxin depresses the act ivi ty  of cholinesterase in vitro, while the ac t iv i ty  of the enzyme in the 
spinal cord, the brain, and the muscles is unchanged. An increase in the act ivi ty  of the enzyme has also been found 
[8] in the central  nervous system. The results of other investigations [6] showed that the changes in neuromuscular 
transmission arising in tetanus cannot be connected with depression of the cholinesterase act ivi ty  in the region of the 
end plate, as was suggested original ly [11]. Some workers [13, 14] have reported inhibit ion of cholinesterase in the 

spinal cord of animals infected with exper imental  tetanus. 

The object  of the present investigation was to study the ac t iv i ty  of the enzyme in various parts of the central  

nervous system in mice in the course of development  of tetanus. 

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

To determine the cholinesterase act ivi ty  the P la tmer -Hes t r in  method [12] was used. The enzymic  act ivi ty  of 
the tissue was expressed in Qch units (the quantity of acetylchol ine  split  by 1 g tissue per hour). The act iv i ty  of the 
enzyme was determined in intact  rabbits and in rabbits at different periods of exper imenta l  tetanus (incubation per i -  
od, stage of local  tetanus, and stage of general  tetanus). The tetanus toxin was in jec ted  into the gastrocnemius 

muscle in an amount equal to 1 le thal  dose. 

Because of reports in the l i terature indicat ing that tetanus toxin spreads mainly along neural pathways, the 
cholinesterase act ivi ty  was studied per iodical ly  during the development  of the disease in the gray mat ter  of the 
whole spinal cord, the rhomboid fossa of the medulla,  the spinal ganglia,  and the gastrocnemius muscles. For this 
purpose the animals were sacrif iced by exsanguination, the spinal canal  was opened, and the spinal cord as a whole 
with the spinal gangl ia  was extracted. By dissection the gray matter  was separated from the white throughout the 
length of the spinal cord. In the medul la  the gray matter  was isolated in the region of the rhomboid fossa. 

Pieces of muscle tissue were excised from the middle  third of the gastrocnemius muscle, In each experiment  

60 gm of homogenate  prepared from al l  the investigated tissue in a di lut ion of 1 : 10 was used, The numer ica l  re- 

suks obtained were analyzed by s tat is t ical  methods [1, 2]. 

R E S U L T S  

The cholinesterase act ivi ty  of the various parts of the nervous system and of the muscles of the intact  and af- 

fected animals is shown in the table. 
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As the table shows, the maximal  act ivi ty  of the enzyme in the intact  animals 
was found in the medul la  and in the gray mat ter  of the spinal cord. The act ivi ty  in 
the spinal ganglia  was much less, and in the muscles, where chollnesterase is l oca l -  
ized only in the neuromuscular synapses and in the region  where the muscle and 
tendon fibers join, i t  was very slight. In the course of development  of tetanus a 
s ta t is t ical ly  significant depression of the enzyme was observed in the gray matter  of 
the spinal cord and in the spinal ganglia.  A decrease in the act ivi ty  of the enzyme 
by 23% in the gray matter  of the spinal cord was observed in the incubation period 
of the disease. In the stages of local  and general  tetanus the enzymic  act ivi ty  re -  
covered to a certain extent, but did not regain its original level.  Similar  changes 
were found in the tissues of the spinal ganglia: in the incubation period of the di-  
sease the cholinesterase act ivi ty fel l  from 49 to 38 units. This lowered level  of 
act ivi ty  persisted throughout the course of the disease. 

The values of the cbolinesterase act ivi ty  of the medul la  and muscles at all  
stages of the disease varied only within normal limits.  

The s ta t is t ical ly  significant results obtained demonstrate that tetanus toxin 
inhibits cholinesterase only very slightly. However, these results give conclusive 
evidence against the views of those authors [11, l a ,  14] who hold that the motor dis- 
turbances in tetanus are the result of inhibition of cholinesterase in the neuromuscu- 
lar synapses. Recent e lectrophysiological  investigations [5, 10] have established the 
central  genesis of the r igidi ty and convulsions in tetanus. The present results show 
that the mechanism of depression of the enzyme does not play the principal  role in 
the central  origin of the motor disturbances. The depression of cholinesterase ob- 

served in the ganglia  and gray matter  of the spinal cord cannot, in the authors' 
opinion, be regarded as the leading factor in the pathogenesis of the disease. Re- 
ports in the l i terature [3] and the authors' ear l ier  investigations [4] have shown that 
more marked inhibit ion of cholinesterase need not be accompanied  necessarily by 

pathological  manifestations. 

At the same t ime  the increased content of acetylchol ine  in the central  ner-  
vous system in tetanus [15] means that the mechanism of a disturbance of the cho- 
l inergic metabol ism cannot be ruled out comple te ly  from the pathogenesis of the 
toxic effects. It is possible that the changes described are associated, not with the 
depression, but with the redistribution of the enzyme in the central  nervous system 
and muscles. 

S U M M A R Y  

A study was carried out on the act ivi ty  of cholinesterase of the gray matter  
of  the spinal cord, rhomboid fossa of the medul la  oblongata,  spinal ganglia,  and 
muscles of in tac t  rabbits and rabbits in the incubation period, in the stage of local  
tetanus, and in the stage of general  tetanus. Experiments showed a significant de -  
crease of the act ivi ty  of cholinesterase of the spinal cord and ganglia  in the incuba-  

tion period of the disease, The pathogenetic s ignif icance of this phenomenon is 
discussed in detail ,  
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 

tions of the abbreviations as given in the original Russian journal Same or aH of this per/- 
adical literature may well be available in English tran~latian. A complete list of the cover-to- 
c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  the  f i r s t  i s s u e  o f  t h i s  y e a r .  
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