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The catecholamine concentrat ion in the urine and in various t issues was studied in the course  
of experimental  tetanus. A marked increase  in the excretion of adrenalin and noradrenal in in 
the urine was discovered.  This was accompanied by increasedmobi l iza t ion  ofcatecholamines  
f rom the adrenals and their selective accumulation in the region of the hypothalamus. Admin- 
is t ra t ion of therapeutic doses of chlorpromazine  considerably prolonged the survival  of le-  
thally poisoned animals,  and res to red  the normal  catecholamine concentration in their  hypoth- 
alamus.  

A previous investigation showed that osmoregula tory  reflexes in response  to hydration and dehydra-  
tion of the body a re  disturbed in experimental  tetanus [7]. This disturbance was shown to be associated with 
increased excitability of adrenergic  neurons within the hypothalamo-hypophyseo-adrenal  sys tem (HHAS) [8]. 

The object of the investigation descr ibed below was to study changes in the excretion of adrenalin and 
noradrenal in in the urine in experimental  tetanus and to determine whether any accumulation of catechol-  
amines takes place under these c i rcumstances  in various par ts  of the HHAS. 

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

Experiments  were ca r r i ed  out on dogs weighing 10-12 kg and cats weighing 3-3.5 kg. Tetanus toxin 
(1 MLD for mice 0.00005 mg of the dry toxin) was injected into dogs intravenously in a dose of 1 mg/kg,  
and into cats in t ramuscular ly  in a dose of 1.5 mg/kg.  The f i rs t  clinical manifestations of descending tetanus 
appeared in the dogs 48 h after  injection of the toxin, and the tetanus became general ized after 96 h. In eats 
local tetanus developed on the side of injection of the toxin 48 h af ter  its injection, and general ized tetanus 
developed 120 h after  injection. 

Urine was collected from the experimental  dogs for a period of 6 h (from 9 a.m. to 3 p.m.) at the 
t imes of maximal  excret ion of catecholamines in the urine [4]. The tissue catecholamine concentration was 
determined at various t imes in the course  of the poisoning in experiments on cats.  The animals were de- 
capitated and the t issues of the hypothalamus, medulla, spinal cord,  suprasylvian gyrus of the ce rebra l  
cortex,  cerebel lum,  l iver,  kidneys, heart ,  lungs, skeletal  muscles ,  and sciatic nerve were rapidly removed 
for testing. 

The catecholamine concentrat ions in the urine and t issues were determined by Men'shikov's  method 
[6] on a type EFM f luorometer ,  with additional de amplification with a factor  of 8. 

EXPERIMENTAL RESULTS 

The experiments  were divided into two se r ies .  In the f i rs t  se r ies  the excretion of cateeholamines in 
the urine was investigated. Noradrenal in excretion was increased {Table 1) in the prespas t ie  stage of teta-  
nus, when the adrenalin excretion still  remained unchanged. The noradrenal in excretion returned to normal  
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TABLE i. 

(in ~g) 
Concent ra t ion  of Ca techolamines  in 6-h Urine  Sample f rom Dogs with Expe r imen ta l  Tetanus 

T ime a f t e r  in jec t ion  
of toxin 

number  of 
d e t e r m i n a -  
tions 

Adrenalin 

M •  P 

Norad rena l in  

number  of 
d e t e r m i n a -  
tions 

M •  P 

Contro l  
24 h (absence of c l in ica l  

mani fes ta t ions)  
48 h (r igidi ty  of occ ip i ta l  

musc les )  
72 h (spas t ic i ty  of a l l  m u s -  

c les)  
96 h {general ized tetanus) 

48 h (absence of c l in ica l  
mani fes ta t ions)  

72 h (r igidi ty  of occ ip i t a l  
musc l e s )  

96 h {spasticity of a l l  m u s -  
c les)  

120 h (genera l ized  te tanus,  
c onvuls ions) 

144 h (general ized tetanus) 

Note. 

Without admin i s t r a t ion  of ch lo rp romaz ine  

26 

14 

13 

14 

15 

6 

7 

P ca lcu la ted  r e l a t i v e  to cont ro l .  

2.77 • 

4.82 • 0.88 

5.3 • 0.72 

5.3 • 0.57 
4.7 • 0.22 

0.33 

> 0.05 

< 0.01 

< 0.002 
< 0.05 

With admin i s t r a t ion  of c h l o r p r o m a z m e  

10.2 • 1.05 

12.33 • 1.06 

10.41 • 1.31 

12.16 • 1.6 

2.82 • 0.68 

< 0.001 

< 0.001 

�9 < 0 . 0 0 2  

< 0.01 
>0.5 
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14 

13 

14 
14 

4.52 • 0.52 

6.6 • 0.75 

5.3 • 0.56 

4.49 • 0.65 
4.6 • 0.78 

6 4.44 + 0.68 

7 13.33 ~- 1.61 

7 10.7 + 1.51 

6 8.43 * 1.43 
7 3.15 * 0.42 

< 0.05 

> 0.25 

> 0.5 
> 0.5 

>0.5 

< 0.002 

< 0.01 

<0.01 
>0.5 

a f te r  48 h, but the adrena l in  excre t ion  in the ur ine  was cons ide rab ly  i nc r e a s e d .  This r e l a t ionsh ip  continued 
until  the development  of s eve re ,  gene ra l i z ed  tetanus and death of the an imals .  Admin i s t r a t ion  of c h l o r -  
p r o m a z i n e  (3 mg/kg)  to the dogs twice da i ly  for 5 days [5] delayed the deve lopement  of poisoning:  the in-  
cubation pe r iod  was lengthened by approx ima te ly  1 day and as a ru le  the an imals  died 2-3 days l a t e r ,  with 
the s ame  c l in ica l  mani fes ta t ions  as in the absence of ch lo rp romaz ine .  In dogs r ece iv ing  eh lo rp romaz ine  
the i n c r e a s e d  adrena l in  excre t ion  o c c u r r e d  a l i t t le  sooner  (48 h a f te r  in ject ion of the toxin) and r ema ined  
high for  3-4 days.  Before  death of the an imals  (usually 6-7 days af te r  poisoning) the adrena l in  excre t ion  
fel l  apprec iab ly .  The no rad rena l i n  excre t ion  i n c r e a s e d  72 h a f te r  inject ion of the toxin and d e c r e a s e d  only 
jus t  before  death of the an ima l s .  

The i n c r e a s e  in ca techo lamine  excre t ion  in the ur ine  under the influence of c h l o r p r o m a z i n e  thus had 
a depotent ia t ing act ion on the development  of expe r imen ta l  te tanus.  This effect  could be a s soc i a t ed  with the 
m a r k e d  d e c r e a s e  in the ea teeho lamine  concent ra t ion  in the t i s sues  [2] and inhibit ion of metabol ic  ac t iv i ty  
[5], r e su l t ing  in weakening of the ant ienzyme act ion of the toxin. To c l a r i f y  this  p rob lem,  the adrena l in  and 
no rad rena l in  concen t ra t ions  were  de t e rmined  in d i f ferent  organs  and t i s s ue s  of ca ts ,  in which the m e c h a -  
n i sms  of development  of te tanus a r e  the s a m e  as in dogs [1]. 

I t  wil l  be c l e a r  f rom Table 2 that  the g r e a t e s t  changes in ca techo lamine  concent ra t ions  o c c u r r e d  in 
the hypothalamus : even in the ea r ly  s tage  of poisoning,  the i r  concent ra t ion  was higher  than normal ,  r e a c h -  
ing a max imum during the development  of gene ra l i z ed  te tanus .  A ve ry  s m a l l  i n c r e a s e  in the adrena l in  con-  
cen t ra t ion  was obse rved  in the c e r e b r a l  cor tex .  The ca teeho lamine  concent ra t ion  in the adrena l s  fell  
sharp ly ,  e spec ia l ly  in g e n e r a l i z e d  te tanus .  In the o ther  organs  (heart, l ive r ,  kidneys,  lungs,  sp ina l  cord,  
medul la ,  s c i a t i c  ne rve ,  and ske l e t a l  muscle)  the adrena l in  concent ra t ion  was v i r tua l ly  unchanged (P > 0.5) 
in e i ther  the ea r ly  or  the la te  s t ages  of poisoning.  The no rad rena l in  concent ra t ion  in these  organs ,  how- 
ever ,  was cons ide r ab ly  reduced,  e spec ia l ly  in gene ra l i z ed  tetanus (P < 0.05). 

Admin i s t r a t ion  of c h l o r p r o m a z i n e  to the cats  r e t a r d e d  (just as in dogs) the development  of e x p e r i -  
menta l  te tanus :  loca l  spa s t i e i t y  of the hind l imb into which the toxin was in jec ted  developed about 24 h 
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la ter  than in the untreated animals, and the duration of their survival  until death from general ized tetanus 
was 2-3 days longer than in the control .  Because of the la ter  development of local tetanus, catecholamines 
in the t issues were determined on the third day, and in the case of general ized tetanus, on fifth to sixth day 
after  injection of the toxin. In this way the resul ts  could be compared on the basis of s imi lar i ty  of the 
clinical p ic ture  in the animals receiving and not receiving chlorpromazine.  After administrat ion of the ra -  
peutic doses of chlorpromazine,  the increaseddura t ion  of survival  of the animals was accompanied by only 
a t ransient  increase  in the adrenalin concentrat ion in the hypothalamus at the stage of local tetanus, where-  
as the noradrenal in  concentrat ion was lowered. As the effect of the toxin became general ized,  the concen- 
trat ion of eatecholamines in this pa r t  of the brain fell. Administrat ion of chlorpromazine  did not prevent  
mobilization of catecholamines from the adrenals .  In the other organs (spinal cord,  cerebel lum, liver,  
heart,  kidneys, lungs, medulla) the adrenalin concentrat ion was unchanged compared with its level in poi-  
soned animals not receiving chlorpromazine,  whereas the noradrenalin concentrat ion fell significantly 
(P < 0.02). 

It  can be concluded from these resul ts  that the varied pat tern of disturbance of catecholamine me-  
tabolism in the t issues in experimental  tetanus leads to potentiation of the pathogenic action of the tetanus 
toxin. On the other  hand, the decrease  in the catecholamine concentration in the t issues,  notably in the 
hypothalamus, under the influence of chlorpromazine  delays the development of experimental  tetanus. The 
disturbances of eatecholamine metabolism discovered in experimental  tetanus are  evidently nonspeeific in 
charac te r .  Experiments  with strychnine poisoning (1 mg/kg  daily for 2 days ) showed  that during the de- 
velopment of muscular  spastiei ty and convulsions the concentrat ion of catecholamines in the hypothalamus 
also was increased,  while the noradrenal in concentrat ion in several  organs (cerebellum, heart,  l iver,  kid- 
neys, medulla, adrenals) was higher (P < 0.05) than in tetanus. 
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