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In acute expe r imen t s  on ca ts  injection of tetanus toxin, which d i s tu rbs  var ious  types  of  inhibi-  
tion, into the orb i ta l  co r t ex  caused the format ion  of a local  g e n e r a t o r  of pathological ly  en-  
hanced exci tat ion in that  region.  In chronic  expe r imen t s  on ca t s  with such a gene ra to r  in the 
orb i ta l  cor tex  pathological  changes of s leep appea red :  a d e c r e a s e  in the durat ion of wakeful -  
ness  and the development  of a prolonged s leep s ta te ,  while the normal  ra t io  between s low-wave  
and paradoxica l  s tages  in the s leep continuum was p r e s e r v e d .  The r e su l t s  conf i rm the view 
that  the orb i tof ronta l  co r t ex  pa r t i c ipa t e s  in the induction of s leep and they develop the genera l  
concept  of the ro le  of de t e rminan t  s t r u c t u r e s  in the ac t iv i ty  of  the nervous  sy s t em and the 
theory  of g e n e r a t o r  m e c h a n i s m s  of neuropathologica l  synd romes  c h a r a c t e r i z e d  by h y p e r a c t i v -  
ity of its s y s t e m s .  
KEY WORDS: de te rminant ;  o rb i ta l  cor tex ;  s l e e p - w a k i n g  cycle;  tetanus toxin,  gene ra to r  of 
pa thologica l ly  enhanced exci tat ion.  

When a functional s t r u c t u r e  de te rmin ing  the behavior  of a physiological  s y s t e m  and so pIaying the role 
of  de t e rminan t  dispatch stat ion (DDS) o r  de te rminan t  [3], becomes  hyperac t ive  and ac t s  as  a gene ra to r  of  pa th -  
o logical ly  enhanced exci tat ion (GPEE) [9, 10], it m a k e s  the physiological  sys t em hyperac t ive  a lso  and endows 
it with a pathological  c h a r a c t e r  [3, 4]. The ac t iv i ty  of  such s y s t e m s  is man i fes ted  as the cor responding  n e u r o -  
pathological  synd romes  [4-7]. These  obse rva t ions  form the bas i s  of  the p re sen t  invest igat ions  whose object  
was  to study pathological  changes  in s leep a s soc ia t ed  with the appea rance  of a hyperac t ive  de te rminan t  s t r u c -  
tu re ,  name ly  an  exci tat ion g e n e r a t o r  in the somnogenic  s y s t e m .  One of the components  of  that sys t em is the 
orb i tof ronta l  co r tex ,  with whose act ivi ty  the induction of s leep is a s soc ia ted  [14, 17]. It might  be supposed that 
the c rea t ion  of a GPEE in the orb i tof ronta l  co r t ex  and i ts  consequent  convers ion  into a hyperac t ive  de te rminan t  
s t r u c t u r e  m a y  lead to changes in the s l e e p - w a k i n g  continuum. 

EXPERIMENTAL M E T H O D  

Chronic and acute expe r imen t s  were  c a r r i e d  out on 25 ca t s .  Operat ions were  p e r f o r m e d  under open e ther  
anes thes ia .  Access  to the frontal  pole of the h e m i s p h e r e  was obtained through a bu r r  hole in the frontal  sinus.  
For manipula t ions  on the orbi ta l  gyrus  under  visual  control  the frontal  pole of the h e m i s p h e r e  was displaced 
supe r io r ly  and p o s t e r i o r l y  by m e a n s  of a spatula .  The GPEE was produced by means  of te tanus toxin (TT) which 
d is turbs  va r ious  tTyloes of  inhibition [2, 8, 13, 15, 16] and m a k e s  it poss ib le  to use both acute and chronic  e x p e r i -  
men t s  and to main ta in  prolonged obse rva t ions  on an ima l s  under conditions of f ree  behavior  [5-7]. TT was in-  
jected into the orb i ta l  co r t ex  by m e a n s  of a m i c r o i n j e c t o r  at  3 and 4 points to a depth of 500-1000 #,  in a total 
dose  of  between 60 and 100 MLD for m i c e  (dried toxin,  diluted in a 30% solution of g lycero l  in physiological  
sa l ine ,  was used). The volume of fluid at  each injection was 2" 10-4-1 �9 10 -3 ml .  Animals  rece iv ing  an injection 
of a s i m i l a r  solution of TT but inact ivated by ant i te tanus  s e r u m  se rved  as the control .  

Potent ia ls  we re  r eco rded  by implanted s i l ve r  e l ec t rodes  f rom the frontal  and occipi ta l  co r t ex  of  both 
h e m i s p h e r e s  by a monopola r  technique (the r e f e r e n c e  e lec t rode  was fixed in the nasal  bones) and f rom the an t i -  
g rav i ty  musc l e s  of the neck by a b ipolar  technique.  
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Fig. 1. E lec t r i ca l  ac t iv i ty  in orb i ta l  cor tex  (at s i te  of  injection of TT) and  visual  
cor tex  22 h a f t e r  injection.  I ,  II, and III) Success ive  f r agments  of r e co rd  of po -  
tent ia ls  in o rb i ta l  (1) and ips i l a t e ra l  v isual  co r t ex  (2). Calibration-" t ime  1 sec ,  
signal ampl i tude 100 pV~ 

Observa t ions  on the a n i m a l s '  behavior  began immedia t e ly  a f t e r  the i r  r e c o v e r y  f rom the anes thet ic  and 
the EEG was r eco rded  per iod ica l ly  (every 3 h). 

F rom 22 to 24 h a f te r  injection of TT,  when p e r s i s t e n t  s igns of  prolonged s leep  appeared ,  continuous r e -  
cording of the potent ia ls  began and extended o v e r  per iods  of 8 h ~)eriod 1) and 4 h Coeriod 2), for 12 h a l t o -  
ge the r ,  with an in terva l  of 10 h~ On the following days  until s leep re turned  to n o r m a l ,  obse rva t ions  were  con-  
cent ra ted  on the a n i m a l s '  behavior .  On the 7th-9th day potent ia ls  w e r e  r eco rded  continuously for 12 h~ At the 
end of the expe r imen t s  (after 10-12 days) the an ima l s  we re  killed to de t e rmine  the p r e c i s e  s i te  of  the injection. 
Observa t ions  on the behavior  of the control  an ima l s  and the record ing  of the i r  biopotent ia ls  were  c a r r i e d  out 
a t  the s a m e  t imes  and under  s i m i l a r  condit ions.  

In acute and semichron ic  expe r imen t s  the potent ia ls  we re  r eco rded  f rom the s i te  of injection of TT.  In 
the acute  expe r imen t s  act ivi ty  was r eco rded  before  and eve ry  hour a f t e r  the injection of TT  (30-100 MLD at  
3 or  4 points) into the orb i ta l  co r t ex  for  24-26 h. Throughout this per iod  the an imals  w e r e  kept in a f r ame .  
In the semichron ic  expe r imen t s  the opera t ion  was p e r f o r m e d  in the s a m e  way as  the chronic  expe r imen t s ,  but 
the an imals  were  fixed to the bench 24 h a f t e r  the injection and the orb i ta l  gyrus  exposed.  Potent ia ls  were  
r eco rded  f rom the orb i ta l  co r t ex  by m e a n s  of b ipolar  e lec t rodes .  

For the s ta t i s t i ca l  ana lys is  of the data the W i l c o x o n -  Mann-Whi tney  c r i t e r i on  was ca lcula ted  [1]. 

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

P e r s i s t e n t  behaviora l  s igns of  deep s lee  p appeared  18-22 h a f te r  the injection of TT into the orb i ta l  c o r -  
tex.  The ca ts  could be awakened only by s t rong s t imul i  and only for a shor t  t ime  (1-5 min)~ To sa t i s fy  the i r  
physiological  needs  (eating, defecat ion,  etc.) they awoke for  a l i t t le  longer  (up to 10 rain). The ea t s  spent  m o s t  
of the day as leep .  

The behaviora l  f ea tu res  of s leep ,  awakening,  and wakefulness  c o r r e l a t e d  with the e l ec t rograph ic  indices.  

The behaviora l  and e lec t roeneepha lographic  p ic tu res  of  prolonged s leep continued for  3-4 days ,  a f t e r  
which the n o r m a l  s l e e p - w a k i n g  cycle  was r e s to red ;  pe r iods  of  wakefulness  i nc reased  in durat ion and the an i -  
m a l s  responded m o r e  ac t ive ly  to externa l  s t imul i .  Three  of the five ca ts  developed convuls ions  of  clonic type,  
which s tepped a f t e r  a few days~ These  convulsions appeared  in the la te  s tages  (on the 4th-9th days) in the p e -  
r iod of normal iza t ion  of s leep .  
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Analysis  of the durat ion of the phases  of the s leep -wak ing  cycle  based on the r e su l t s  of continuous 12-  
hour ly  record ing  of the potent ia ls  showed that the durat ion of wakefulness  in the exper imenta l  an ima l s  was 
s ignif icant ly  (U = 0, P < 0.001) reduced c o m p a r e d  with the control  (1-1.5 h and 5.5-8 h respec t ive ly ) .  The 
durat ion of the s leep s ta te  was i nc rea sed  sig-nificantly (U = 0, P < 0.001) f rom 5-6~ h in the control  an imals  
to 10.5-11 h in the expe r imen ta l ,  m a i n l y  on account  of  lengthening of s low-wave s leep (SS)o In the exper imenta l  
ca ts  the durat ion of SS was 3-6 h longer  than in the control .  The durat ion of paradoxica l  s leep (PS) also was 
i nc rea sed  (by 20-90 rain c o m p a r e d  with the control ) ,  so that the re la t ive  p ropor t ions  of these  phases  in the 
total durat ion of s leep r ema ined  a l m o s t  the s a m e  as  in the control  an imals  (in the exper imenta l  group PS a c -  
counted for 7o3-15o8% of the durat ion of s leep ,  c o m p a r e d  with 7.6-16.4% in the control;  1 D > 0.05, d i f fe rences  
not s ignif icant) .  

At the s i te  of  inject ion of  TT  in the orb i ta l  co r t ex ,  ac t iv i ty  c h a r a c t e r i z e d  by the a p p e a r a n c e  of  i r r e g u l a r  
spike potent ia ls  with an ampl i tude of 100-200 #V (Fig. 1, cu rves  1) against  the background of the ~ and fl rhy thms  was 
r eco rded  a f t e r  16-18 ho Epi lept i form ac t iv i ty ,  c h a r a c t e r i z e d  ini t ial ly by an i nc r ea se  in the f requency and a m -  
pli tude of the spike potent ia ls  and the a p p e a r a n c e  of pointed slow waves ,  appeared  pe r iod ica l ly  in the orb i ta l  
co r tex .  At the height of this act ivi ty  potent ia ls  of the sp ike -wave  type were  obse rved  (Fig. 1, cu rves  II). The p a ro x -  
y s m a l  poten t ia l s  could d i sappea r  e i ther  gradual ly  (they became  l e s s  f requent ,  the i r  ampl i tude  d e c r e a s e d ,  and 
the i r  previous  rhy thm was r e s to red )  or  suddenly (Fig. 1, cu rves  ITI). This  type of ac t iv i ty  at this  s tage  of the p ro ce s s ,  
which cor responded  in t ime  with the appea rance  of a p e r s i s t e n t  s leep s ta te  in the cat  during the chronic  e x p e r -  
imen t s ,  was local  and was r eco rded  only in the region of injection of TT  into the orb i ta l  gy rus .  In o ther  pa r t s  
of  the cor tex  studied r and frontal  lobes of both h e m i s p h e r e s ) ,  bu r s t s  of spindles and slow ~ and A 
waves  were  r eco rded  para l l e l  with the ep i lep t i form act iv i ty  in the orb i ta l  cor tex  (Fig. 1, cu rves  I - I ID.  

Under these  expe r imen ta l  conditions the total  dura t ion  of  s leep in ca ts  with a GPEE in the orb i ta l  cor tex  
was s ignif icant ly  i nc reased  c o m p a r e d  with the control ;  in absolute  values  this i nc rea se  took place  chiefly on 
account of lengthening of SS. However ,  as a l r eady  s ta ted ,  s ince the total  durat ion of PS also  inc reased ,  the 
s t ruc tu re  of  the s leep  continuum was undis turbed and the ra t io  of  SS to PS remained  the s a m e  as  in the control  
an imals .  These  r e s u l t s  ag ree  bas i ca l ly  with the r e su l t s  of cl inical  obse rva t ions  [10] showing that in pat ients  
with epileptic loci in the p re f ron ta l  reg ions  of  the bra in  the total durat ion of s leep is i nc r ea sed ,  and the d u r a -  
tion is a t t r ibutable  to an i nc r ea s e  in the per iods  of SSo The dynamics  of  the EEG changes with deepening of 
SS and the t rans i t ion  f rom SS to PS and vice  v e r s a  in the exper imen ta l  an ima l s  was s i m i l a r  to that in intact  
ca t s  and co r r e sponded  to the desc r ip t ion  of this p r o c e s s  by o ther  worke r s  [11, 18]. No new components  were  
obse rved  in the s l e e p - w a k i n g  cycle  and no s tages  we re  omit ted.  

The s leep of the exper imenta l  an imals  was thus typical ,  with all the cha r ac t e r i s t i c  e l ee t rograph ic  and 
behaviora l  e l ements ,  its pathological  fea ture  was a cons ide rab le  i n c r e a s e  in its durat ion.  This  descr ip t ion  
shows that by the t ime  of appea rance  of  a s table  s leep s ta te  in the an ima l ,  the GPEE had formed in the orbi ta l  
co r t ex ,  and the appea rance  of slow waves  and bu r s t s  of  spindles  was connected with the functional d i scharge  
f rom the hyperac t ive  de te rminan t ,  which the orb i ta l  co r t ex  had now become.  

Besides  i ts  pu re ly  neurologica l  s ignif icance ,  the synd rome  d i scussed  above provides  a p romis ing  model  
for  the study of the m e c h a n i s m s  of s leep.  

The r e su l t s  obtained with th is  new model  develop the genera l  concept  of  the ro le  of de te rminan t  s t r u c -  
t u re s  in CNS act iv i ty  and the theory  of gene ra to r  m e c h a n i s m s  of neuropathological  syndromes  c h a r a c t e r i z e d  
by hyperac t iv i ty  of  bra in  s y s t e m s  ]3, 4]. 
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The effect  of conva lescen t  burn s e r u m  on the toxic p r o p e r t i e s ,  level  of  ac t iv i ty  of  proteolyt ic  
enzymes ,  and morpholog ica l  changes  a f t e r  burns  was studied in expe r imen t s  on r a t s .  After  
burns  the s e r u m  and o rgan  e x t r a c t s  we re  found to acqui re  toxic p r o p e r t i e s ,  pro teoly t ic  en-  
zyme  act iv i ty  was i nc r ea sed ,  and m a r k e d  morpholog ica l  changes developed.  Injection of 
convalescent  burn s e r u m  promoted  detoxicat ion,  reduced the proteolyt ic  enzyme act iv i ty  
d is t inct ly ,  and reduced the s e v e r i t y  of  the morpholog ica l  changes .  Serum of heal thy an ima l s  
gave a much s m a l l e r  therapeut ic  effect .  
KEY WORDS: burns;  convalescent  burn s e r u m ;  immunotherapy .  

The acute per iod  of burns  is c h a r a c t e r i z e d  by toxic man i f e s t a t i ons ,  d i s tu rbances  of the function of var ious  
o rgans ,  and p redominance  of catabol ic  p r o c e s s e s  [1, 3, 7, 8]. 

Because of  the combinat ion of d i s tu rbances  a s soc ia t ed  with burns ,  a method of t r e a t m e n t  m u s t  be used 
which can influence the pathogenetic  bas i s  of  the functional changes .  

The pathogenesis  and methods  of t r e a t m e n t  of  burns  have now been studied for  m a n y  y e a r s .  The theory  
of  the noninfectious immunology of burns  has been formula ted  and a method of immuno the rapy ,  consis t ing of 
t r e a t m e n t  of  burned pat ients  with the s e r u m  of p e r s o n s  r ecove r ing  f rom burns ,  has  been developed.  Although 
the method of immunothe rapy  has  been widely acc l a imed  [2, 4-10],  the study of the m e c h a n i s m  of action of con -  
va lescen t  s e r u m  st i l l  continues.  The invest igat ion of whether  the p r o c e s s e s  of i nc reased  ca tabo l i sm can be in -  
fluenced by immunothe rapy  is of g rea t  in t e res t ,  for  inc reased  p ro teo lys i s  m a y  be one of the sou rces  of the toxic 
effects .  

The object  of  the p r e s e n t  invest igat ion was to study the effect  of  conva lescen t  burn s e r u m  on the toxic 
p r o p e r t i e s ,  the level  of proteoly t ic  enzyme ac t iv i ty ,  and the morpholog ica l  changes in the o rgans  of  r a t s  a f t e r  
burns .  
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