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Changes In the co r t i cos t e rone  content and r e s p i r a t o r y  enzyme act ivi ty in var ious  t i s sues  
during tetanus exhibit  wel l -def ined phases :  in the incubation per iod  of ascending and hema-  
togenous tetanus there  is a definite i nc rea se  in the hormone  level  in the hear t ,  l iver ,  kid- 
neys ,  c e r e b r a l  hemisphe re s ,  hypothalamus,  and skele ta l  m u s c l e s .  Meanwhile the act ivi ty  
of succinate dehydrogenase  and cytochrome oxidase in these organs  i n c r e a s e s  cons iderably .  
At the height of development  of tetanus the cor t i cos te rone  level  of the blood p l a s m a  and 
adrena ls  r i s e s  sharp ly .  In the t i s sues  of other  organs  and in the CNS at this per iod  there  
is a significant d e c r e a s e  in the cor t i cos te rone  concentrat ion and r e s p i r a t o r y  enzyme  ac t iv-  
i ty.  A d i rec t  co r re la t ion  is found between the r e s p i r a t o r y  enzyme activi ty of the t i s sues  
and the i r  content of g lucocor t icoids  in both f o r m s  of tetanus at  var ious  s tages  of i ts  de-  
velopment .  

Many aspec t s  of the pathogenesis  of tetanus have now been explained and the view that tetanus is  a 
d isease  affecting s e v e r a l  s y s t e m s  is well  es tab l i shed  [4-6]. However,  some ve ry  impor tan t  a spec t s  of i ts  
pathogenesis ,  e s sen t i a l  to the development  of ra t ional  methods of combined t r ea tmen t  of te tanus,  have sti l l  
r ece ived  li t t le study. These include the s ta te  of adrenal  function and the g lucocor t icoid  supply to the t i s -  
sues,  c losely bound up with prote in  and carbohydra te  metabol i sm,  and a lso  r e s p i r a t o r y  enzyme activity,  
changes in which may play a specia l  role  in tetanus in connection with the hypoxia. A combined study of 
these  p rob l ems  is also in te res t ing  because  of the link between the glucoeor t ieoid  level  and r e s p i r a t o r y  
enzyme activi ty [1, 3, 7-9, 12]. 

The object  of the Invest igat ion desc r ibed  below was to study the s tate  of adrenal  function and the 
glucocor t icoids  supplied to the t i s sues  and a lso  the act ivi ty of succinate dehydrogenase  (SDH) and cyto-  
chrome oxidase (CCO) in exper imen ta l  te tanus.  

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

Two f o r m s  of expe r imen ta l  tetanus were  produced:  ascending tetanus,  caused by injection of a lethal  
dose of tetanus toxin into the musc l e s  of the hind l imb while blocking the hematogenous route of sp read  of 
the toxin by means  of antitoxin [4], and hematogenous tetanus caused by Intravenous injection of a lethal  
dose of the toxin. The expe r imen t s  were  c a r r i e d  out at different  s tages  of development  of the d i sease :  at 
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Fig.  1 Fig.  2 

Fig.  1o Dynamics  of changes in co r t i cos t e rone  concentrat ion in adrena l s  and pe r iphe ra l  blood 
in ascending (A) and hematogenous (B) te tanus .  Ordinate,  index studied in pe r  cent of initial  
level  (normal);  absc i s sa :  1) injection of inact ivated toxin, 2) incubation per iod,  3) stage of lo-  
cal tetanus (ascending) or  per iod  of cl inically ma rked  manifes ta t ion  of hematogenous tetanus;  
4) per iod of cl inical ly m a rked  manifes ta t ions  of genera l  ascending tetanus (~universa l  depa r -  
ture  station" phenomenon).  I) F r e e  cor t icos te rone ;  II) total  cor t icos te rone ;  III) eosinophil  count. 

Fig .  2. Dynamics  of changes in co r t i cos te rone  concentrat ion (A) and r e s p i r a t o r y  enzyme ac -  
t ivity (B) in expe r imen ta l  ascending tetanus:  1) adrenal ,  2) blood p lasma ,  3) hear t ,  4) l iver ,  5) 
kidneys, 6) hypothalamus,  7) r ight  hemisphere ,  8) left  hemisphere ,  9) musc les  of affected l imb, 
10) musc l e s  of opposi te  l imb.  A: Shaded columns show level  of to ta l  co r t i cos te rone ,  unshaded 
columns show level  of f r ee  cor t i cos te rone ;  B: shaded columns show succinate dehydrogenase  
act ivi ty,  unshaded columns show cy tochrome oxidase act ivi ty ,  a) Injection of inact ivated te ta -  
nus toxin, b) incubation per iod of ascending tetanus,  c) local  tetanus,  d) per iod of cl inically 
ma rked  mani fes ta t ions  of ascending te tanus.  

the end of the incubation per iod  (17 h a f t e r  injection of the toxin in the ascending type and 30 h a f t e r  its in- 
ject ion in hematogenous tetanus),  in the stage of local  (after  24-26 h) and genera l  ascending tetanus (on the 
4th day of the d i s ea s e )  cha r ac t e r i z ed  by the "un ive r sa l  depar tu re  station" phenomenon [4], and in the per iod 
of cl inical ly m a r k e d  (general  m us cu l a r  rigidity) genera l  hematogenous  te tanus (on the 2nd day)~ The ani-  
mals  died toward the end of the 3rd day a f te r  injection of the toxin in hematogenous tetanus and on the 5th- 
6th day in ascending te tanus .  

The co r t i cos t e rone  content was de te rmined  in the adrena ls ,  blood p lasma ,  hear t ,  l iver ,  kidneys, hypo- 
tha lamus  (both hemisphe res ) ,  and the musc les  of the affected and opposite l imbs  at in terva ls  during the 
development  of both f o r m s  of te tanus .  Pa ra l l e l  t e s t s  of SDH and CCO act ivi ty were  c a r r i e d  out on the s ame  
organs .  Male albino r a t s  we re  used.  The total number  of an imals  was 130, and depending on the stage and 
f o r m  of the d i sease  each group contained 12-15 an imals .  Control expe r imen t s  were  c a r r i e d  out on intact  
animals and on animals receiving tetanus toxin inactivated by heat. 

The total corticosterone concentration was determined by the method of De Moor et al. [i~] and the 
content of free corticosterone by a modified method of Knigge and Hoar [14]. The intensity of fluorescence 
was measured with a Hitachi MPF-2A fluorescent spectrophotometer. In model experiments the spectral 
characteristics of standard solutions of cortieosterone were determined and these agreed completely with 
the spectral characteristics of the corticosterone investigated in the tissues. 

SDH activity was investigated by a modified method which ensures great accuracy and avoids the 
mistakes usually made when Thunberg's method (with methylene blue) is used. CCO activity was deter- 
mined by the method described by Tret'yakova [ii]. 
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Fig. 3. Dynamics of changes in corticosterone concentra- 
tion (A) and respira tory  enzyme activity (B) in experimen- 
tal hematogenous tetanus: 1) adrenal, 2) blood plasma, 3) 
heart, 4) liver, 5) kidneys, 6) cerebral  hemispheres, 7) 
hypothalamus, 8) skeletal muscle. A: Shaded columns 
show total cortieosterone level, unshaded columns show 
free corticosterone level. B) shaded columns show sueci- 
nate dehydrogenase activity, unshaded columns show cyto- 
chrome oxidase activity; a) injection of inactivated tetanus 
toxin, b) incubation of hematogenous tetanus, c) period of 
clinically marked manifestations of hematogenous tetanus. 

The experimental results  were subjected to statistical analysis, with determination of the standard 
e r ro r ,  and to correlation analysis. 

EXPERIMENTAL RESULTS 

The experimental results showed that activation of adrenal function takes place during the develop- 
ment of experimental tetanus. This conclusion is based on the high level of corticosterone found in these 
experiments both in the adrenals themselves and in the blood plasma at all stages of development of as- 
cending and hematogenous tetanus (Fig. i). Further evidence in its support is given by the results of de- 
termination of the eosinophil cotmt in the peripheral blood, which was significantly reduced in both forms 
of tetanus. 

Comparison of the results of investigation of adrenal cortical function in ascending tetanus with the 
results obtained in the hematogenous form showed that the direction of the changes was the same in both 
forms of the disease, although the degree of glueocorticoid activity differed during its development. As 
Fig. 1 shows, in the period of clinical manifestations of hematogenous tetanus there was a more marked 
increase in glucoeorticoid function than in ascending tetanus. This result can be explained on the assump- 
tion that the clinical course of the hematogenous tetanus was more severe. 

The investigation showed that the changes in coricosterone content and respiratory enzyme activity 
have a well-defined phasic character in both forms of tetanus (Figs. 2 and 3). 

In the incubation period of ascending and hematogenous tetanus the corticosterone concentration in 
the blood plasma and other organs tested rose significantly. In most organs the level of the steroid rose 
mainly on account of the free, biologically active fraction of the hormone, whereas the concentration of 
protein-bound hormone showed no significant change. Meanwhile there was a significant increase in the 
activity of the enzymes in these structures. 
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Later ,  with the development  of both f o r m s  of tetanus and with an inc rease  in the duration of poison-  
ing, the concent ra t ions  of total  and f ree  co r t i cos te rone  in the blood p l a s m a  inc reased  about equally by 
about 80% (P < 0.001) and 130% (P < 0o001) r e spec t ive ly .  The cor t i cos te rone  concentrat ion in the adrenals  
also was high at this per iod,  being 75% above its init ial  level  (P < 0.001) in ascending and 90% above (P < 
0.001) in the hematogenous f o r m  of te tanus .  

The cor t i cos te rone  content in the t i s sues  fell during the development  of the d i sease ,  and in ascending 
tetanus this began in the stage of local  te tanus.  However,  during this per iod  the dec rease  was re la t ive ,  
only by compar i son  with the inc rease  in the level  of the s te ro id  in the incubation per iod.  During the develop-  
ment  of ascending tetanus (the stage of the "un iversa l  depar tu re  station" phenomenon) and at the height of 
development  of hematogenous tetanus an absolute dec r ea se  in the cor t i cos te rone  content and, in pa r t i cu la r ,  
of its f r ee  f ract ion,  was  obse rved .  In the hear t  muscle ,  for  instance,  the content of the f ree  f rac t ion  fell 
by 27% (P < 0.001) in the ascending f o r m  and by 23% (P < 0.001) in hematogenous tetanus,  while in the l ive r  
it fel l  by 28% (P < 0.05) and 24% (P < 0o01) r e spec t ive ly ,  and in the l imb musc l e s  by 28% (P < 0.01) and 
16% (P < 0.01). These changes in the concentrat ion of the hormone cor responded  to definite changes in the 
act ivi ty of the r e s p i r a t o r y  enzymes ;  whereas  the C CO activi ty fell  s ignificantly below its initial value, the 
SDH activi ty showed re la t ive ly  li t t le change at this per iod,  but neve r the l e s s ,  it was significantly lower  than 
in the preceding  incubation per iod  of the d i sease .  

It is impor tan t  to note that changes in the g lueocor t icoid  content and act ivi ty of the r e s p i r a t o r y  en-  
zymes  a re  in terconnected.  This is shown by the pa ra l l e l  nature  of and the posi t ive cor re la t ion  between the 
changes in these indices .  

The r e su l t s  of these invest igat ions thus show that at  the height of development  of the d i sease  there  is 
re la t ive  g lucocor t icoid  deficiency despite  i nc rea sed  adrenocor t i ca l  function. This type of situation can be 
found in other  f o r m s  of pathology, and in pa r t i cu la r ,  in s ta tes  of shock [2, 3, 7, 10]. 

The mechan i sm of this phenomenon can be explained by a dec rease  in the content of the biological ly 
act ive f rac t ion  of co r t i cos te rone  in the t i ssues ,  where  it is uti l ized intensively,  while at the height of de-  
velopment  of the d i sease  the inc reased  uti l ization of the hormone  in the t i s sues  is evidently far  in excess  
of its supply.  

Special attention must  be given to the expe r imen t s  in which the an imals  r ece ived  inact ivated tetanus 
toxin. These experiments showed that, regardless of the method of its administration (intramuscularly or 
into the blood stream),inthe absence of tetanus the enzyme activity and corticosterone level in the organs 
studied remained unchanged. The results of these experiments also show that the changes observed in the 
glucoeortieoid function of the adrenal cortex and in the respiratory enzyme activity are due to poisoning 
by tetanus toxin itself. 

It is difficult at present to pick out the primary link in the complex chain of development of the in- 
terconnected reactions taking place in tetanus, some of which are the changes discovered in the glucocorti- 
cold function of the adrenal cortex and the activity of the investigated respiratory enzymes. Nevertheless, 
knowledge of the changes in these aspects of the glucocortieoid balance and in the respiratory enzyme ac- 
tivity can be of great importance to the understanding of the pathogenetie structure of the disease and the 
development of rational pathogenetic methods of its treatment. 
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