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It was  shown by in t rav i ta l  m i c r o s c o p y  that  ox idoreductases  can be demons t r a t ed  h i s to -  
chemica l ly  and changes  in the i r  act ivi ty  studied in the in t r amura l  nervous  p lexuses  of the 
s m a l l  in tes t ine  in the l iving animal .  Severe  t he rma l  injury was shown to d is turb  the p e r -  
meab i l i ty  of  the mi tochondr ia l  m e m b r a n e s  of the ne rve  cel ls  of Auerbach ' s  plexus in an i -  
ma ls ,  as  a r e s u l t  of which the act ivi ty  of the oxidoreductases  located inside the mi tochon-  
d r i a  is modified.  L u m b a r  proca ine  block, c a r r i e d  out immedia te ly  a f t e r  burning, was shown 
to r e s t o r e  the no rm a l  s ta te  of the mi tochondr ia l  m e m b r a n e s  of the nerve  cel ls .  
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Invest igat ions  have  shown that  a f t e r  extens ive  t h e r m a l  burns  of the skin the act ivi ty  of alt  the s y s t e m s  
and organs  of the an imal  a r e d i s t u r b e d a n d a U t y p e s o f  me tabo l i sm a r e  changed. The nervous s y s t e m  also is 
involved in the pathological  p r o c e s s  [1-3, 5-7].  Notwithstanding the unders tanding of the ro le  of the nervous  
s y s t e m  in the pa thogenes i s  of burns ,  t he r e  have  as ye t  been no sys t ema t i c  invest igat ions of the dynamics  of 
the morphologica l  changes in the cen t ra l  and pe r iphe ra l  nervous  s y s t e m s  in va r ious  types  of burns,  especia l ly  
the nonlethal va r i e ty ,  nor  has any a t tempt  been made to s tudy the h is tochemical  changes.  Accordingly the in- 
ves t iga t ion  desc r ibed  below was c a r r i e d  out in o r d e r  to study, by the method of intravi ta l  mic roscopy  as dev-  
eloped by A. A. Vishnevski i  and B. I. L a v r e n t ' e v ,  changes in the act ivi ty of  one of the oxidoreductases ,  namely 
succina te  dehydrogenase  (SD), in the autonomic nervous  s y s t e m  of the rabbi t  sma l l  intest ine a f t e r  t he rma l  
burns  of va r ious  d e g r e e s  of s eve r i t y ,  and a lso  to examine  the effect  of l umba r  p roca ine  block on these  changes,  
for  this p r o c e d u r e  is widely used in burns  as a method of acting upon the nervous  sys t em.  

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

To demons t r a t e  the i n t r a m u r a l  nervous  p lexuses  of the smal l  intestine, which were  the t e s t  object  of this 
in t ravi taI  study, and to examine  the changes in SD act ivi ty  taking p lace  in them, we used a t e t r azo l ium sa l t  for  
the f i r s t  t ime.  Ni t ro -b lue  t e t r azo l ium,  a hydrogen accep tor ,  under  the influence of dehydrogenases ,  f o r m s  a 
bluish violet  d i fo rmazan  which is insoluble in water ;  depending on the quantity and dis tr ibut ion of the d i fo rma-  
zan produced the ac t iv i ty  and local izat ion of SD can be de te rmined  (the Lei tz  Ultropak was used for  microscopy) .  
The r e su l t s  obtained by in t ravi ta l  m i c r o s c o p y  were  compared  with those of h i s tochemica l  invest igat ion of SD 
act ivi ty .  The method of Sel igman and Rutenberg,  with ni t roblue te t razo l ium,  was used  to detect  SD. 

A t h e r m a l  burn  was produced by pouring w a t e r  at a t e m p e r a t u r e  of 98~ over  the lower  half of t h eb ack  

and hind l imbs  of a rabb i t  fo r  20, 30, o r  50 sec.  

L u m b a r  p roca i ne  b lock was c a r r i e d  out 30-40 min a f t e r  burning, by injecting 4 m l / k g  body weight of a 
0.25% proca ine  solution. These  expe r imen t s  were  c a r r i e d  out on 24 rabbi ts .  

During invest igat ion by int ravi ta l  m ic roscopy  the h i s tochemicaI  reac t ion  fo r  SD act ivi ty  was c a r r i e d  out 
by applying a solution of the s u b s t r a t e  (sodium succina te  with n i t ro -b lue  t e t r azo l ium,  made up in phosphate 
buffer ,  pH 7.4) to the s e rous  s u r f ace  of a segment  of sma l l  intest ine brought  out of the per i toneal  cavi ty  [4]. 
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Fig. 1 Fig. 2 

Fig. 1. Auerbach ' s  plexus of rabb i t  sma l l  intest ine 24 h a f t e r  burns;  ne rve  cell  with 
high SD act ivi ty.  In t rav i ta l  mic roscopy ;  250 • 

Fig. 2. SD act ivi ty  in ne rve  ce l l s  of Aue rbach ' s  plexus of intact  rabbi t  24 h a f t e r  
l u m b a r  p roca ine  block. S e l i g m a n - R u t e n b e r g r e a c t i o n  fo r  SD, 250 • 

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

The r e su l t s  of t hese  expe r imen t s  showed that  in intact  an ima l s  8-12 rain a f t e r  appl icat ion of the solution 
to the se rous  su r f ace  of the s m a l l  intest ine,  s ingle  ne rve  t runks  of Aue rback ' s  p lexus  w e r e  revea led  as a 
r e su l t  of d i fo rmazan  format ion ,  and a f t e r  30-40 min  all  ne rve  t runks and ganglia of the plexus w e r e  c l ea r ly  
v is ib le .  The quantity of d i fo rmazan  f o r m e d  was smal l .  The ne rve  ce l l s  we re  not demons t ra t ed  under  these  
c i r c u m s t a n c e s .  

The n e r v e  t runks  and ganglia  of A u e r b a c k ' s  p lexus  24 h a f t e r  burn  t r a u m a  of defini te s eve r i t y  (98~ 
30 or  50 sec) became  v is ib le  soone r  (4-7 rain a f t e r  appl icat ion of the solution), and much m o r e  d i fo rmazan  
was f o r m e d  than in the intact  an imals .  Ne rve  ce l l s  with high SD act iv i ty  a lso  were  found (Fig. 1). 

The demons t r a t ion  of the i n t r amura l  nervous  p lexuses  of the sma l l  intestine of intact  rabbi t s  undergoing 
l umba r  p roca ine  block, by means  of a solution of the subs t r a t e ,  depended on the t i m e  elapsing a f t e r  inject ion 
of procaine .  Between 1 h 30 min  and 4 h 30 min a f t e r  the block the ne rve  t runks and ganglia  of Auerbach ' s  
plexus were  revea led  a l i t t le  l a t e r  (11-13 min a f t e r  appl icat ion of the solution), and l e s s  de fo rmazan  was 
f o r m e d  than in the control  an imals .  The  i n t r a m u r a l  nervous  p lexuses  became  v i s ib le  sooner  (after  7-9 rain) 
24 h a f t e r  the b lock and the intensi ty of d i fo rmazan  produced was g r e a t e r  than normal ly .  No ne rve  ce l l s  could 
be seen  in intact  an imals  undergoing l u m b a r  p roca ine  block,  

The  u s e  of the l u m b a r  p roca ine  block a f t e r  burns  led to r e s to r a t i on  of the no rma l  s ta te  of the autonomic 
nervous  s y s t e m  of the r abb i t ' s  sma l l  intest ine.  The ne rve  t runks  and ganglia of Aue rback ' s  plexus were  r e -  
vealed  l a t e r  (after  11-20 min) 24 h a f t e r  t h e r m a l  t r a u m a ,  and f ewer  ne rve  cel ls  with SD act ivi ty  w e r e  revea led  
than in burned an imals  not r ece iv ing  proca ine .  

The r e su l t s  of the h i s tochemica l  invest{gation of SD act ivi ty  in the in t r amura l  nervous  p lexuses  of the 
smal l  intes t ine di f fered somewhat  f r o m  the r e su l t s  obtained by in t ravi ta l  mic roscopy .  F o r  instance,  during 
incubation of p ieces  of sma l l  intes t ine of intact  an imals  in a solution of the s u b s t r a t e  not only the subse rous  
plexus and the ne rve  t runks  and gangl ia  of A u e r b a c h ' s  p lexus  w e r e  demons t ra ted ,  but s o m e t i m e s  ne rve  cel ls  
also; ne rve  cel ls  w e r e  p a r t i c u l a r l y  numerous  in intact  an imals  undergoing l umba r  p roca ine  block (Fig. 2). 
In cont ro l  expe r imen t s ,  during incubation of p ieces  of smal l  intest ine of intact  rabbi t s  in a solution of the sub-  
s t r a t e  f r o m  which sodium succina te  was excluded, only the subse rous  plexus and the ne rve  t runks  and ganglia  
of A u e r b a c h ' s  p lexus  took up the s ta in  and the ne rve  ce l l s  r ema ined  co lo r l e s s .  This  shows that  reduct ion of 
n i t ro -b lue  t e t r azo l i nm by s t r u c t u r e s  of the i n t r a m u r a l  nervous  p lexuses  took place  not through the oxidation of 
sodium succinate ,  but through its in te rac t ion  with the phospholipids of ne rve  t i s sue  [8, 9]. 
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As the in t rav i ta l  m i c r o s c o p y  expe r imen t s  showed, SD can be detected in the ne rve  cel ls  of A u e r b a c k ' s  
plexus only of an ima l s  a f t e r  s e v e r e  burns .  This  enzyme is known to be located On the inner  mi tochondr ia l  
m e m b r a n e ;  d i fo rmazan  fo rmat ion  is t h e r e f o r e  poss ib le  only if the dye can pass  through its m e m b r a n e .  In the 
cont ro l  an ima l s  the intact  mi tochondr ia l  m e m b r a n e s  of the ne rve  cel ls  of A u e r b a c k ' s  p lexus  evidently p r e -  
vented pene t ra t ion  of the t e t r azo l ium sa l t  inside the mi tochondr ia ,  whereas  in an imals  exposed to t he rma l  
t r a u m a  the mi tochondr ia l  m e m b r a n e s  of these  ce l l s  underwent  definite changes.  As a resu l t  of these  changes 
molecu les  of n i t ro -b lue  t e t r azo l ium were  able to pene t ra t e  inside the mitochondria ,  and as a r e su l t  the enzyme 
could be detected.  The r e su l t s  of these  expe r imen t s  with in t ravi ta l  m i c r o s c o p y  also  showed that any type of 
p r o c e d u r e  c a r r i e d  out on the an imal  ( thermal  t r auma ,  proca ine  block) is re f lec ted  in the kinet ics  of the r e -  
act ions of reduct ion of n i t ro -b lue  t e t r azo l ium by s t r u c t u r e s  of the in t r amura l  nervous plexuses  of the smal l  
intestine.  

These  expe r imen t s  showed that  ox idoreduc tases  can be demons t ra t ed  h i s tochemica l ly  and changes in 
the i r  act ivi ty  studied in the living animal ,  i .e. ,  under  conditions precluding his tological  t r e a t m e n t  of the 
nervous  sys t em.  

Unlike the r e s u l t s  obtained by in t rav i ta l  mic roscopy ,  the r e su l t s  of h i s tochemica l  invest igat ion of SD 
act ivi ty  in the ne rve  cel ls  of A u e r b a c h ' s  plexus of intact  an imals  and, in pa r t i cu la r ,  of an imals  undergoing 
l u m b a r  p roca ine  block, showed that  during incubation of pieces  of smal l  intest ine in a solution of the subs t r a t e  
pos t  m o r t e m  changes take p lace  in the mi tochondr ia l  m e m b r a n e s .  
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