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Elect rophysiological  analys is  of changes in excitat ion of neurons  of the somat ic  projec t ion  cor tex  in 
cats  under the influence of nembutal  was ca r r i ed  out, using as model the interzonal  r e sponse  a r i s ing  in the 
second soma tosenso ry  a r e a  to s t imulat ion of the f i r s t  a r ea ,  Changes in the r ecove ry  cycle of interzonal  
r e sponses  were  obse rved  a f te r  adminis t ra t ion  of f ract ional  doses  of the drug.  

Injection of nembutal  in subnarcot ic  doses  is accompanied by blocking of late h igh-f requency waves 
and prolongation of the i r  r e c o v e r y  cycle .  Meanwhile the per iod of manifes ta t ion  of inc reased  ampli tude of 
the t es t  interzonal  r e sponse  is displaced.  These  r e su l t s  show that  even in subnarcot ic  doses ,  nembutal  
cons iderably  s t rengthens  the mechan ism of r ec ip roca l  inhibition in the cor tex .  

Elect rophysiological  ana lys is  of the action of ba rb i tu ra tes  d i rec t ly  on excitation of soma tosenso ry  
cor t ical  neurons during s t imulat ion of pe r iphera l  ne rves  is  made difficult by the fact  that ba rb i tu ra t e s  have 
a w e l l - m a r k e d  action on the mechan i sms  of s t imulus conduction in nuclei of sensory  project ion pathways 
[3, 8, 13]. Changes in the level  of excitation of the cor t ica l  neurons  themse lves  can be tes ted only during 
s t imulat ion of s t ruc tu re s  d i rec t ly  connected with the invest igated region of the projec t ion  cor tex,  for  
example ,  during st imulat ion of the corresponding thalamic re lay  nuclei [2, 12]. Responses  a r i s ing  in one 
soma tosenso ry  a r e a  of the cor tex  to s t imulat ion of the o ther  s o m a t o s e n s o r y  a r ea  can se rve  as a model  for  
such an invest igat ion.  The mechan i sms  of format ion  of the sepa ra t e  components  of these  cor t ica l  reac t ions ,  
a r i s ing  through act ivat ion of d i rec t  interzonal  in t racor t ica l  connections [1, 6, 7], have been examined 
previous ly  [10, 11]~ 

The object  of the p resen t  invest igat ion was to analyze changes in the configurat ion and r e c o v e r y  
cycle of interzonal  r e sponses  of the s om a t osenso ry  cor tex  under the action of nembutal .  

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

Acute exper imen t s  we re  c a r r i e d  out on cats  immobi l ized  with musc le  re laxan ts  and maintained on 
ar t i f ic ia l  r e sp i r a t ion .  All regions  of incis ions and of fixation of the animal in the s te reo tac t ic  appara tus  
were  inf i l t ra ted with 0.5% procaine  solution. Single or  pa i red  s t imuli  at different  t ime  in te rva ls  were  
applied to the zone of r ep resen ta t ion  of the f o r e -  or  hind l imb in the f i r s t  soma tosenso ry  a r e a  (SI) through 
a bipolar  e lec t rode .  Evoked potentials  f rom the cor t ica l  sur face  were  r eco rded  by a monopolar  technique 
in the cor responding  a r e a  of the second soma tosenso ry  a r e a  (SII). 

Nembutal  was injected int ravenously  in f ract ional  doses (5, 10, 20, 30, 40 m g / k g  body weight). 

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

The p r i m a r y  r e sponse  in a r ea  SII evoked in the unanesthet ized,  immobi l ized  cat  by local, single s t i -  
mulat ion of the cor responding  zone of r ep resen ta t ion  in a r ea  SI had a complex configuration.  It  was due 
pr incipal ly  to two components ,  different  in e lec t rogenes i s  and superposed  on each other:  a pos i t ive -  
negat ive wave and a s e r i e s  of 4 or  5 h igh-frequency waves ,  coinciding in t ime  with the per iod of develop-  
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Fig. 2. Effect of nembutal on phenomenon of 
strengthening of tes t  response .  A) Unanesthe- 
tized animal; B) af ter  injection of 20 mg/kg  
nembutal.  Time calibration 50 msec;  ampli -  
tude calibration 0.2 inV. 1, 2, 3, 4, 5) Suc- 
cess ive increase  in interval between stimuli.  

Fig. i.  Effect of nembutal on r ecove ry  cycle of  high-frequency c o m -  
ponents of interzonal response.  A) Before injection of nembutal; B)af ter  
injection of nembutal, 10 mg/kg;  C) 20 mg/kg.  Magnification in C twice 
that of A and B. Time calibration 10 msec;  amplitude calibration 0.2 inV. 
1, 2, 3) Successive increase  in interval between stimuli.  

ment of the positive pa r t  of the posi t ivemegative wave. 
These waves ref lect  the discharge of a par t icular  group of 
cor t ica l  neurons of which di rec t  project ion fibers f rom SI 
terminate .  

In the r ecove ry  cycle during application of paired 
stimuli to the cortex,  in the period of development of the 
faci l i ta tory response the posi t ive-negative wave of the test  
response was blocked, but the high-frequency waves 
pers is ted  (Fig. 1A, 1). With intervals  of 30-40 msec  the 
amplitude of the slow components of the tes t  response not 
only was completely res tored ,  but it actually exceeded the 
amplitude of the f i r s t  response  slightly. The phenomenon 
of strengthening of the tes t  response was observed up to 
intervals of about 100 msee between stimuli.  The increase  
reached a maximum when the intervals  were 30-50 msec 
in duration (Fig. 2A). 

After intravenous injection of nembutal into the 
animal in doses of 5-10 mg/kg,  the late wave of the in te r -  
zonal response was inconstant in its appearance,  and was 
appreciably reduced in amplitude or even completely 
blocked (Fig. 1B). The amplitude of the posi t ive-negative 
wave was pract ical ly  unchanged by these doses of nembutal.  
Only the f i rs t  two waves were p rese rved  in the test  
response  in the period of development of the faeil i tatory 
response,  and the third wave did not r ecover  until an in ter -  
val of 20 msee,  and the fourth when the interval was about 
30 msee (Fig. 1A, 2, 3). With about the same length of 
interval,  the amplitude of the positive wave of the slow 
component of this response recovered,  but complete r e -  
covery of the tes t  response  was not observed with intervals 
less  than 50-70 msec .  This was followed by a phase of 
strengthening of the test  response,  although not to the same 
degree as in the unanesthetized animal. 

Following injection of nembutal in doses of 20-40 
mg/kg,  the amplitude of the p r imary  component of the 
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interzonal  r e sponse  was cons iderably  reduced (Fig. 1C), and the number  of fas t  waves  was usually reduced 
to three .  The third wave of the t es t  r e s pons e  did not appear  before  40-60 mseco The ampli tude of the t e s t  
r e sponse  to injection of nembutal  in doses  g r ea t e r  than 20 m g / k g  did not r e c o v e r  complete ly  in under  100 
m s e c ,  although the phenomenon of inc reased  amplitude,  exhibited with in te rva ls  of 120-240 msec  between 
s t imuli ,  could still  be re ta ined .  With doses  of nembutal  exceeding 30 mg/kg ,  the phenomenon of s trengthening 
of the t es t  r e sponse  was not observed .  

It  can be concluded f rom these  r e su l t s  that injection of nembutal ,  even in subnarcot ic  doses (5-10 
mg/kg) ,  causes  blocking of the late h igh-f requency waves  accompanying the development  of the posi t ive 
wave of the interzonal  r e sponse .  Since these  waves are  produced by d i scharges  of a homogeneous group of 
neurons ,  highly synchronized in frequency,  on which di rec t  in t racor t i ca l  interzonal  connections t e rmina te ,  
there  is r ea son  to suppose that the i r  blocking is assoc ia ted  with an inc rease  in the pos tsynapt ic  inhibitory 
potential  a r i s ing  immedia te ly  af ter  the d ischarge  in the cort ical  pyramida l  neurons  [4, 5]. Fur the r  suppor t -  
ing evidence is given by the p re se rva t ion  of high-frequency waves  in the t e s t  r e sponse  in the unanesthet ized 
animals  with shor t  in te rva ls  between st imuli ,  and their  blocking af ter  adminis t ra t ion  of ba rb i tu ra t e s .  

It is in teres t ing  to note that nembutal  has a s im i l a r  action on re lay  neurons of the thalamic nucleus 
re laying  to the so m a t os ens o ry  cor tex .  This may point indirect ly to a definite s imi l a r i ty  in physiological  
p rope r t i e s  between cor t ical  neurons  rece iv ing  di rec t  pro jec t ions  f rom other s t ruc tu res  and r e l ay  neurons 
of nuclei of the s enso ry  t r a c t s .  If this approach is used, cel ls  of this type can be r ega rded  as the cor t ical  
component  of the re lay  pathway f rom which excitation i r r ad i a t e s  throughout the sy s t ems  of in t racor t i ca l  
connections.  

Nembutal  also produced definite changes in the cha rac t e r  of manifes ta t ion of the i nc r ea se  in interzonal  
t es t  r e sponse .  The inc rease  in amplitude of the t es t  r e sponse  has  been thoroughly invest igated in the case  of 
r e sponses  of the projec t ion  cor tex  produced by st imulat ion of thalamie r e l ay  nuclei [5, 9]. The inc rease  in 
ampli tude of the t es t  r e sponse  is assoc ia ted  with an inc rease  in ampli tude of secondary  exc i ta tory  p o s t -  
synaptic potent ia ls .  The m arked  s imi la r i ty  in configuration of the interzonal  and tha l amo-co r t i ca l  r e sponses  
and also the s imi l a r i ty  in c h a r a c t e r  of changes in these b iochemical  r e s p o n s e s  following adminis t ra t ion  of 
ba rb i tu ra t e s  [12], indicate that the same  m e c h a n i s m s  lie at the bas i s  of thei r  generat ion.  I t  can be postu~ 
lated that s t rengthening of the inhibitory phase  a f te r  adminis t ra t ion  of nembutal  prolongs  the per iod of 
r e c o v e r y  of exci tabi l i ty of the neuron s y s t ems  generat ing secondary  exci ta tory  pos tsynapt ie  potent ials  on 
pyramida l  neurons  of the project ion cor tex .  

By its  d i rec t  effect  on act ivi ty of the cor t ica l  neurons,  nembutal ,  even in subnarcot ic  doses ,  thus in-  
c r e a s e s  the phase  of inhibition af ter  s t imulat ion and considerably  prolongs the per iod of r e cove ry  of the i r  
exci tabi l i ty .  
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