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Comparison of the charac te r  of changes in focal responses  of the somatosensory  cortex and 
in single unit responses  indicates the high sensit ivity of the neuron sys tems  of the project ion 
cortex to barbi tura tes .  Adminis t rat ion of nembutal shortens the duration of the unit responses ,  
impairs  rhythm binding to high-frequency stimulation, and gives r ise  to periodic fluctuations 
of excitabili ty.  Similar changes in the high-frequency components of focal responses  and 
discharges  of a par t icu lar  group of cor t ical  neurons confirmed the view that they are caus-  
atively interconnected.  

Cont rary  to the establ ished view that barbi tura tes  act mainly on the re t icu lar  format ion of the brain 
stem, investigations in recent  yea r s  have demonstra ted the high sensit ivity of cor t ical  neuronal sys tems 
to barbi tura tes  [1-6, 10, 12]. To study the direct  action of nembutal on cort ical  evoked activity the wr i t e r s  
used interzonal focal react ions  ar is ing in a somatosensory  area of the cortex in response to stimulation 
of another somatosensory  area  [2]. Analysis  of the changes in the individual components of these responses  
showed that nembutal blocks the late high-frequency components and also prolongs their r ecove ry  cycle.  
However, before these resul ts  could be interpreted,  it was necessa ry  to compare the charac te r  of the changes 
in the high-frequency components and the single unit d ischarges .  

The object of the present  investigation was to examine changes in the response of cor t ica l  neurons 
during activation of the tha lamo-cor t ica l  and interzonal pathways by means of nembutal. 

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 cats.  The animals rece ived  a pre l iminary  injection of nembutal 
in a dose of 15-20 mg/kg;  they were then immobil ized with listhenon or tubocurarine and maintained on 
ar t i f ic ial  respi ra t ion.  The points of fixation of the animal in the s tereotaxic  apparatus and the t issues of 
the scalp were infil trated with 0.5% procaine.  Focal  evoked potentials f rom the cort ical  surface and single 
unit responses  to st imulation of the posteroventra l  nucleus of the thalamus and the f i rs t  somatosensory  
a rea  (CI) were recorded  f rom the second somatosensory  area  (CK). The action of nembutal, when injected 
intravenously,  was observed at the ea r l i e s t  5-6 h af ter  the beginning of the experiment .  

EXPERIMENTAL RESULTS AND DISCUSSION 

Comparison of the focal tha lamo-cor t ica l  and interzonal responses  with single unit responses  in un- 
anesthet ized animals and in animals anesthetized with nembutal showed a c lear  relationship between the 
per iod of onset  of the high-frequency components of the responses  f rom the cort ical  surface and the duration 
of d ischarges  of cells responding to a synchronous stimulus by a p r imary  high-frequency discharge.  Under 
nembutal anesthesia the number of high-frequency waves in the phase of development of the focal responses  
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Fig. 1. Effect  of nembutal  on e l ec t r i c a l  r e s p o n s e s  in a r e a  CII of the 
cor tex:  a) s t imula t ion  of cor t i ca l  a r e a  CI; b) s t imulat ion of pos t e ro -  
ven t ra l  nucleus of thalamus;  1) before  injection of nembutal ;  2) 20 min 
a f t e r  inject ion of nembutal  in dose of 7 mg/kg ;  3) i h, and 4) 2 h a f t e r  
injection, Cal ibra t ion  of ampli tude 0.25 mV, t ime 10 msec .  

Fig. 2. Effect  of nembutal  on h igh-f requency components  of p r i m a r y  
focal r e sponses :  a) s t imula t ion  of pos t e roven t r a l  nucleus of thalamus;  
b) s t imulat ion of a r e a  CI at 30 /sec ;  1) before injection of nembutal;  
2) before  injection of nembutal  in dose of 15 mg/kg .  Time m a r k e r  
2 r e se t ;  f requency band of ampl i f i e r  clipped below. 

and the number  of d i scharges  in the p r i m a r y  unit r e sponses  did not exceed  two or three .  In the unanes-  
thet ized cats  or  in an imals  r ecove r ing  f r o m  anes thes ia  the h igh-f requency components  could accompany 
the development  of the en t i re  p r i m a r y  focal  r e sponse .  The per iod  of unit d ischarge was lengthened c o r -  
respondingly.  Bloe lec t r ica l  r e s p o n s e s  in CII to single s t imulat ion of cor t ica l  a r e a  CI (a) and of the tha l -  
amus  (b) in an an imal  which r ece ived  the initial dose of nembutal  9 h before the beginning of record ing  
are  shown in Fig. 1 : 1. Both p r i m a r y  r e sponses  were  accompanied  by high-frequency waves  not only during 
the init ial  posi t ive wave,  but a lso  throughout the per iod of development  of the negative wave of the focal 
cor t ica l  r e s p o n s e s .  Responses  of the neuron to both s t imul i  took the f o r m  of a h igh-f requency grouped 
d i scharge ,  more  than 20 m s e c  in durat ion.  Such a lengthy p r i m a r y  r e sponse  of the cor t ica l  neuron, a sw e l l  
as the t ime of onse t  of the h igh-f requency components  of the focal r e sponses ,  indicated a re la t ive ly  weak 
p r o c e s s  of af ter - inhibi t ion ,  following the initial  d ischarge  of the cor t ica l  cel ls .  

After  injection of nembutal  in a dose of 7 mg /kg  (Fig. 1 :2 ) ,  the neuron sti l l  mainta ined its modera te  
background act ivi ty.  The ampli tude of both focal  p r i m a r y  r e sponses  was cons iderably  reduced,  and the 
unit r e sponse  contained fewer  d i scharges  because  the l a t e r  ones were  blocked. The number  of h i g h - f r e -  
quency waves  in the focal r e sponse  was cor respondingly  and sharp ly  reduced.  These effects  were  not due 
to a dec rea se  in exci tabi l i ty  of the cor tex  or  nucleus at  the site of s t imulat ion,  for  with an inc rease  in the 
intensi ty of the s t imul i  the ampli tude of the p r i m a r y  focal  r e sponses  i nc rea sed  only ve ry  slightly without 
any lengthening of the phase of unit d i scha rges .  Recovery  of the r e sponses  of this neuron could be followed 
for  a long t ime (Fig. 1 : 3 and 4). During r e c o v e r y ,  a re la t ionship  was obse rved  between the duration of 
the unit d i scharges  and the per iod  of mani fes ta t ion  of the h igh-f requency components .  

These fac ts  conf i rm the e a r l i e r  hypothesis  r egard ing  the nature of the h igh-f requency components  
of the p r i m a r y  r e s p o n s e s  of the p ro jec t ion  cor tex  and the i r  connection with d i scharges  of a pa r t i cu la r  group 
of cor t i ca l  ce l l s  [7, 8]. 

As a r e su l t  of admin i s t r a t ion  of r epea ted  smal l  doses  of nembutal ,  the r e c o v e r y  cycle of the Cort ical  
unit d i scharges  also was inc reased .  In the  s tages  of super f ic ia l  ba rb i tu ra te  anes thes ia ,  the a f t e r - changes  
in exci tabi l i ty  of the cor t ica l  neurons  were  phasic  in c h a r a c t e r ,  with the appearance  of secondary  burs t s  
of d i scha rges .  During deep anes thes ia  these phasic  changes of exci tabi l i ty  d i sappeared  and the r ecov e ry  
cycle of the neurons  inc reased  p r o g r e s s i v e l y  in length. 

Ability to reproduce  the f requency of s t imulat ion,  and changes in rhy thm binding following the act ion 
of nembutal  were  l a rge ly  de te rmined  by the la tent  per iod of the unit r e sponses .  Nembutal  cons iderably  
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d e p r e s s e d  r e s p o n s e s  to h igh-f requency s t imulat ion even in sho r t - l a t ency  neurons .  Meanwhile the ea r ly  
h igh- f requency  components  of the focal r e sponses  were  comple te ly  s u p p r e s s e d  (Fig. 2). Before admin-  
i s t ra t ion  of nembutal  the h igh-f requency components  were  able to reproduce  a f requency of s t imulat ion 
of 30 / sec  with hardly any dec rease  in ampli tude.  Under the influence of nembutal ,  only the r e sponse  to 
the f i r s t  s t imulus  r ema ined .  In all  subsequent  r e s p o n s e s ,  at the s a m e  frequency,  all  waves  except  the f i r s t  
were  blocked.  

Analys is  of the changes in the h igh-f requency components  of the focal r e sponses  of the unit d i scharges  
showed a dec r ea s e  in the level  of co r t i ca l  unit exci tabi l i ty  even a f t e r  admin is t ra t ion  of subnarcot ic  doses  
of nembutal .  These  r e s u l t s  con f i rm  the e a r l i e r  hypothesis  that  nembutal  acts  in s t ages  on the tha lamic  
and cor t i ca l  p ro jec t ion  s y s t e m s  of neurons .  By analogy with the mechan i sm of act ion of nembutal  on the 
re lay  neurons  of the ven t robasa l  complex of the thalamus,  it can be postula ted that the r e s t r i c t i on  of rhy thm 
binding of the cor t i ca l  neurons in the subnarcot ic  s tages  of ba rb i tu ra te  act ion and the prolongat ion of the 
r e c o v e r y  cycle  with the fo rmat ion  of phasic  secondary  a f t e r - d i s c h a r g e s  a re  due to s t rengthening of the 
pos tsynapt ic  inhibi tory act ion cutting off the unit d i scha rges  beyond a ce r t a in  range of f requenc ies .  During 
deep ba rb i tu ra t e  anes thes ia ,  the d i scha rges  of the sho r t - l a t ency  neurons  p e r s i s t ,  although the cycl ic  a f t e r -  
changes in exci tabi l i ty  d i sappear .  This can evidently be a t t r ibuted to the g r e a t e r  sens i t iv i ty  of cor t i ca l  
in te rneurons  respons ib le  fo r  the development  of a f te r - inhib i t ion  on the py ramida l  neuron to the act ion of 
nembutal  than to the exc i ta to ry  pos tsynapt ic  act ion which develops p r i m a r i l y  [11]. 
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