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Exper imen t s  on noninbred albino r a t s  showed changes in the ca techolamine  me tabo l i sm  in 
ascending te tanus .  In the ea r ly  s tages  of the action of the toxin (24 h) these  changes oon- 
s i s ted  of i nc reased  l ibera t ion  of ea techolamines  into the blood s t r e a m  and the i r  inc reased  
en t ry  into the t i s sues .  In the late s tages  (4th day) a m a r k e d  d isbalance  was observed  in the 
ca techolamine  me tabo l i sm ,  with gradua l  exhaustion of the i r  r e s e r v e s ,  a m a r k e d  d e c r e a s e  in 
the content of ca techolamines  in the adrena l s  and hear t ,  and a fu r the r  i nc r ea se  in the adrenal in  
content in the hypothalamus .  

Analysis  of the pathogenic f ea tu re s  of te tanus have led to the conclusion [3] that  the autonomic nervous  
s y s t e m  is impl ica ted  in the pathological  p r o c e s s  in this  d i sease ,  and that  this may  be a highly impor tan t  
f ac to r  in the genera l  pathogenesis  of the d i sease ,  with an impor tan t  bear ing  on i ts  outcome.  A number  of 
c l in ical  observa t ions  [6-8] indicate the poss ib i l i ty  of onset  of hyperac t iv i ty  of the sympathe t ic  nervous  s y s -  
t em in te tanus .  

F o r  the r e a s ons  desc r ibed  above, it is e x t r e m e l y  impor tan t  to de te rmine  the s ta te  of ca techolamine  
m e t a b o l i s m  in te tanus .  This  p rob lem has  been  studied using ascending te tanus  as the model .  

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

Expe r imen t s  were  c a r r i e d  out on noninbred ma le  albino ra t s  weighing 250-280 g. Tetanus  toxin was 
injected in a lethal  dose,  in a volume of 0.2 ml,  into the left gas t roenemius  musc le .  Fea tu r e s  of local  teta:- 
nus were  obse rved  in the an imals  24 h a f t e r  i ts  injection (when ca techolamines  were  de te rmined  for  the 
f i r s t  t ime) ,  and on the 4th day (the second de termina t ion  of ca techolamines)  - t h e  an imals  showed g e n e r a l ,  
ized ascending te tanus  with the "un ive r sa l  forwarding s ta t ion"  phenomenon [3], spontaneous convulsions,  
gene ra l  r igidi ty ,  etc.  The an imals  died on the 5th day. 

Es t imat ions  were  made of the concentra t ions  of adrenal in  (A), noradrena l in  (NA), DOPA, and n o r -  
me tanephr ine  (NMN) in the adrena ls ,  blood, hear t ,  and hypothalamus.  The content of A, NA, and DOPA was 
de te rmined  by a f l uo rome t r i c  method with slight modif icat ions [4, 5], and the content of NMN by theme thod  
desc r ibed  by Matlina et al.  [4]. Each s e r i e s  consis ted of 8 exper imen t s ,  and in each exper iment  four  r a t s  
(two expe r imen ta l  and two control) were  used.  Combined de te rmina t ions  were  made  on p ieces  of t i s sue  of 
equal  weight and in equal  vo lumes  of blood s e r u m .  Rats  rece iv ing  inject ions of the toxin, inact ivated by 
boiling, were  used as the cont ro ls .  The concentra t ions  of the above subs tances  were  also de te rmined  in 
the organs  of intact  an imals  (normal) .  The an imals  were  killed by decapitat ion.  

E X P E R I M E N T A L  R E S U L T S  

The exper imen ta l  r e su l t s  a r e  given in Table  1. 
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They show that the concentrat ions of the tested substances were not significantly different in the con-  
t ro l  animals and in the normal  ser ies .  Consequently, injection of inactivated toxin caused no significant 
changes in the state of the catecholamine metabol ism. Never theless ,  remember ing  that the content of 
catecholamines may fluctuate as a resul t  of many fac tors ,  their  changes in tetanus must  always be c o m -  
pared with changes in control  animals receiving inactivated toxin at the same t imes,  and kept under the 
same conditions as the experimental  animals,  and sacr i f iced simultaneously with them. 

During the development of tetanus,  marked changes were observed in catecholamine metabol ism. An 
increased output of A into the blood was observed 24 h after  injection of the tetanus toxin (the A level in the 
blood was increased by 100%), and the content of NA in the adrenals  also was increased.  On the 4th day of 
poisoning the content of A and NA was considerably reduced, by four and three t imes,  respect ively.  The 
concentrat ion of these substances in the blood was not significantly changed, evidently because the increased 
l iberation was accompanied by increased utilization of these substances by the t i ssues .  

The change in the content of catecholamines in the heart  in tetanus indicates the i r  increased metab-  
olism in the myocard ium.  In the ear ly  stages of poisoning (24 h af ter  injection of the toxin), a marked 
increase  in the A content in the hear t  was observed,  indicating increased a r r iva l  of catecholamines in the 
myocard ium f rom the blood. At the same t ime, the decrease  in DOPA content in the hear t  and the marked 
increase  in the content of NA and NMN suggest  changes in the synthesis and breakdown of catecholamines 
in the myocard ium at this stage of the disease.  In the late stage of poisoning, during general ized ascend-  
ing tetanus, there  was a marked decrease  in the content of all test  substances in the myocardium.  This 
could have been due, on the one hand, to a decrease  in the amount of catecholamines produced in the ad- 
renals ,  or  on the other hand to a disturbance of their  synthesis in the myocardium itself. 

In the hypothalamus 24 h after  injection of the toxin no significant changes were found in the ca te-  
cholamine content, but there  was a marked tendency for  the concentrat ions of A, NA, and DOPA to r i se .  
On the 4th day the content of A was considerably (by almost  100%) increased,  while the content of NA was 
equally considerably reduced, and the content of DOPA was ra ised.  The increase  in the content of A in the 
hypothalamus at this stage of the pathological p rocess  can be regarded as the resul t  of an increase  in p e r m e -  
ability of the b lood-bra in  b a r r i e r  to A and an increase  in the a r r iva l  of A in the hypothalamus from the 
blood s t ream.  The dec rease  in content of the catecholamines recal led the r e s p o n s e  charac te r i s t i c  of dif- 
ferent  types of s t r e ss  [1, 2]. 

Changes d iscovered in the content of A, NA, DOPA, and NMN suggest that in tetanus the sympathetic 
nervous sys tem is intensively implicated in the pathological p rocess .  Changes in the catecholamine metab-  
ol ism in various organs are  found in the ear ly  stages of the disease,  and at this period they are  marked 
by increased functional activity of the sympathetic nervous sys tem.  In the late stages a definite imbalance 
is observed in catecholamine metabol ism in the var ious  organs,  with gradual exhaustion of the adrenergic  
r e s e r v e s .  The dec rease  in the catecholamine and DOPA content was par t icular ly  marked in the m y o c a r -  
dium, probably in connection with the clinically famil iar  disturbance of cardiac  activity in the late stages 
or  during a pro t rac ted  course  of tetanus [6, 7, 8]. Evidently changes in the catecholamine content in the 
hypothalamus a re  of considerable pathogenetic significance; they may be associated with the development 
of autonomic syndromes  in tetanus [6-8]. 

The mechanisms  of the changes d iscovered are  apparently highly complex. An essential  factor  in 
their  development must  be the severe  s t r e ss  observed in the late stages of the disease,  both on its own ac-  
count and in combinations with the syndrome of convulsions and increas ing hypoxia, periodic attacks of 
asphyxia, and so on. The resul ts  of investigations ca r r i ed  out simultaneously with this study showed that 
in another type of s t r e ss  (a severe  pain syndrome due to injection of tetanus toxin into the pos te r io r  horns 
of the spinal cord, in which convulsions are  absent), considerable changes were observed in catecholamine 
metabol ism,  with exhaustion of the adrenals  in the late stage and death of the animals with manifestat ions 
of pain shock and para lys is  of the heart .  However, the possible role of the tetanus toxin itself or  of changes 
direct ly  induced by it, in the disturbance of activity of the sympathetic nervous sys tem and of catechol-  
amine metabol ism is not yet c lear .  This possibil i ty cannot be ruled out, and indeed it seems likely [3, 6-8], 
although there  is no direct  evidence as yet to confirm this hypothesis.  

Whatever the mechanisms of the changes discovered,  they are  highly important  in the general  path- 
ology of this disease and they must  be taken into considerat ion in the combined t rea tment  of tetanus. 
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