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Responses to electrical stimulation of fibers of the medial lemniscus arising in the thalamo- 
cortical fibers running to the primary somatosensory cortex were investigated in acute ex- 
periments on cats anesthetized with pentobarbital. Application of penicillin to the somato- 
sensory cortex and the consequent development of paroxysmal activity in it considerably re- 
duced the amplitude of responses in the thalamo-cortical fibers. The first somatosensory 
area was much more effective than the second in this respect. The development of parox- 
ysmal activity in the projection cortex also appreciably reduce after-inhibition in the pos- 
terior ventral nucleus, as shown by application of paired stimuli to the medial lemniseus. 
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Corticofugal connections of the posterior ventral nucleus (PVN) are known to exist [4, 9, 10, 14]. 

These connections provide the morphological basis for the modulating effects of the somatosensory cortex 
on the transmission of afferent impulses through PVN [5, 13]. Both excitatory and inhibitory effects from 
the somatosensory areas of the cortex on single relay neurons of p\rN have been discovered [7, 16]. 

The object of this investigation was to study the effect of cortical projection zones on responses of 
thalamo-cortical cells sending axons to the first somatosensory area (SI) to stimulation of fibers of the 
medial lemniseus (ML). The participation of the first and second (SII) cortical somatosensory areas in the 
formation of after-processes in PVN also was studied. 

The response of thalamo-cortieal fibers (TCF) recorded close to area SI reflects the discharge of 

relay cells of PVN projecting to this part of the cortex. The conditions of recording the focal potential in 
a bundle of parallel TCF can be regarded as similar to the conditions of recording the action potential of a 
nerve trunk. The amplitude of the response thus recorded is a linear function of the number of fibers in- 
volved [12]. Consequently, changes in the amplitude of the focal response of TCF give some indication of 
the relative change in the number of thalamo-cortical relay cells of PVN responding to stimulation of ML. 

EXPERIMENTAL METHOD 

Acute experiments were carried out on 28 cats anesthetized with pentobarbital (40 mg/kg, intraperi- 
toneally). The femoral vein and trachea were cannulated, flaxedil was injected intravenously and the ani- 
mal was artifically ventilated. The skull was trephined and subcortieal concentric bipolar electrodes (inter- 
electrode distance 1-1.5 mm) were inserted with the aid of a system of stereotaxic coordinates. Peni- 
cillin solution (concentration I00,000 units/ml) was applied epipially to the exposed areas of cortex. The 
amplitude of the bioelectrical responses was recorded from the screen of a cathode-ray oscilloscope. Sta- 
tistical analysis of the results was carried out with the FACOM computer. 
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Fig.  1. Curves  of r e c o v e r y  of ampli tude of tes t ing  r e s p o n s e s  in 
t h a l a m o - c o r t i c a l  f ibe r s  running f r o m  a r e a  SI. A) Averaged  curve  
f r o m  24 expe r imen t s  on an imal  anes the t ized  with pentobarbi ta l ;  
]3) r e c o v e r y  curve  a f t e r  appl icat ion of penici l l in  to a r e a s  SI and 
SII and development  of p a r o x y s m a l  ac t iv i ty  there in ;  C) r e c o v e r y  
cu rve  a f t e r  r em ova l  of a r e a s  SI and SII and appl icat ion of peni -  
ci l l in to  t hem.  Absc i s sa ,  in te rva l  between conditioning and t e s t -  
ing s t imul i  (in m s e c ;  logar i thmic  scale}; ordinate ,  ampli tude of 
t e s t ing  r e s pons e  in pe rcen t  of ampl i tude  of condit ioning r e sponse .  

Fig .  2. Change in ampli tude of r e s p o n s e s  in t h a l a m o - c o r t i c a l  
f i be r s  a f t e r  p r o c e d u r e s  on s o m a t o s e n s o r y  cor tex .  Init ial  a m -  
pl i tude of r e s p o n s e  taken as 100%: a) a f t e r  appl icat ion of peni -  
cillin to a r e a  SI; b) a f te r  appl icat ion of penicil l in s imul taneous ly  
to a r e a s  SI and SII; c) a f t e r  r e m o v a l  of a r e a  SII and appl icat ion 
of penici l l in  to both pro jec t ion  a r e a s ;  d) a f t e r  r emova l  of a r e a  
SI and appl icat ion of penici l l in  to both pro jec t ion  a r ea s ;  e) a f te r  
s imul taneous  r e m o v a l  of a r e a s  SI and SII following appl icat ion 
of penici l l in  to both of t hem.  

EXPERIMENTAL RESULTS 

The response of stimulation of ML and TCF was recorded after a latent period of 0.7-1.1 msec. The 

duration of the response was about 2 msee,and its amplitude 400-800 #V. Application of identical paired 
stimuli to theregion of ML, with intervals of between 3 and 500 msec between stimuli provided informa- 

tion on the character of the change in the second (testing) response relative to the first (conditioned}. 

The maximal decrease in amplitude of the testing response was observed when the interval between 
stimuli was 25-35 msec (Fig. IA). As the interval increased to 500 msee the amplitude of the testing re- 

sponse reached 88 • 11% of that of the conditioned response. 

In five cases ipsilateral thermocoagulation of the somatosensory cortical areas was carried out. The 
removal of areas SI, SII, or both these areas caused no change either in the amplitude of the response or 

in the curve of recovery of the testing response to paired stimulation of ML. 



After  applicat ion of penici l l in  solution s imul taneous ly  to a r e a s  SI and SII and the development  of p a r -  
oxysmal  act ivi ty  in these  cor t i ca l  p ro jec t ion  a reas , s  ampli tude of the r e s p o n s e  of T C F  to s t imulat ion of 
ML fel l  apprec iab ly  to a mean  value of 33 • 7.3% of its ini t ial  level  (Fig. 2b). The r e c o v e r y  curve  of the 
t e s t ing  r e sponse  in this case  showed signif icant  changes  ove r  the whole range  of i n t e r t r i a l  in te rva l s  studied 
(Fig.  1B). 

I m m e d i a t e l y  a f t e r  the rmocoagu la t ion  of a r e a  SI and agains t  the background of p a r o x y s m a l  act ivi ty  
in both s o m a t o s e n s o r y  a r e a s , t h e  ampl i tude of the r e sponse  in TCF running to SI i nc rea sed  sha rp ly  on the 
a v e r a g e  of 70% of the ampli tude of the r e s p o n s e  obse rved  be fo re  penici l l in appl icat ion (Fig.  2d). However ,  
i so la ted  r e m o v a l  of a r e a  SII only, a f t e r  the appl icat ion of penicil l in,  caused  v i r tua l ly  no change in the a m -  
pli tude of the r e s pons e  in f ibe r s  running to SI (Fig.  2c). The change in the TCF re sponse  a f t e r  r e m o v a l  of 
both s o m a t o s e n s o r y  a r e a s  against  the background of cor t i ca l  p a r o x y s m a l  ac t iv i ty  was v i r tua l ly  indis t in-  
guishable f rom the effect  of i so la ted  r e m o v a l  of a r e a  SI. 

Meanwhile the c h a r a c t e r  of the r e c o v e r y  curve  of the tes t ing  response  a f t e r  r e m o v a l  of both a r e a s  
became  s i m i l a r  to the c h a r a c t e r  of the r e c o v e r y  curve  before  penici l l in  appl icat ion (Fig.  1C). 

In t h r ee  expe r imen t s  penici l l in  was applied to the exposed white m a t t e r  a f t e r  ext i rpa t ion  of the so-  
m a t o s e n s o r y  cor t i ca l  a r e a s .  In these c a s e s  no change in the ampli tude of the TCF r e sponse  or  in the r e c o v e r y  
curve  of the tes t ing  r e s pons e  to pa i r ed  s t imulat ion of ML could be d i scovered .  

During ba rb i tu ra t e  anes thes i a  the af ferent  flow is  regu la ted  at the tha l amic  level  chiefly by  in terna l  
m e c h a n i s m s  of the r e l ay  nucleus,  becaus e  ba rb i tu ra t e  anes thes ia  s ignif icant ly  r educes  the r e g u l a t o r y  in-  
f luence of the pro jec t ion  co r t ex  [1, 2, 3] and the nonspecif ic  s t r u c t u r e s  of the b ra in  [8, 11]. It it under -  
s tandable ,  t he re fo re ,  that  the rmocoagu la t ion  of the cor t i ca l  p ro jec t ion  a r e a s  in an an imal  under  ba rb i t u r a t e  
anes thes ia  will have no signif icant  effect  on the cou r se  of a f te r - inhib i t ion  in PVN. To ac t iva te  the p r o j e c -  
t ion cor tex  under these  conditions use  was made of the se izure  effect  induced by the appl icat ion of peni -  
cillin to i ts  su r face .  Seizure  waves  on the EEG c o r r e s p o n d  to h igh- f requency  d i scha rges  of cor t i ca l  neu-  
rons  supe rposed  on a depolar iza t ion  shift  of m e m b r a n e  potential  [6, 15]. This  c r e a t e s  conditions under  
which the c o r t i c o - t h a l a m i c  pathways a r e  act ivated,  although under  pen tobarb i ta l  anes thes i a  the nonspecif ic  
s t r u c t u r e s  mos t  p robab ly  r e m a i n  blocked, s o  that  the ro le  of cor t icofugal  influences on the t r a n s m i s s i o n  of 
impu l ses  in PVN can be t r a c e d  m o r e  c lea r ly .  Generat ion of s e i zu r e  act ivi ty  in the co r t i ca l  p ro jec t ion  zones  
leads to a d e c r e a s e  in ampli tude of the TCF r e sponse  to s t imulat ion of ML, which points to a d e c r e a s e  in 
the number  of r e lay  cel ls  in PVN responding to the synchronized  volley.  Since cognlat ien of the pro jec t ion  
co r t ex  a f t e r  the appea rance  of s e i zu re  ac t iv i ty  leads to r e s to ra t i on  of the ampl i tude of TCF  r e s p o n s e s  to 
s t imula t ion  of LM,i t  can be concluded that  the s e i zu re  ac t iv i ty  of the cor t i ca l  neurons  inhibits the t r a n s -  
m i s s ion  of a f fe ren t  impulses  in PVN. This  is all  the m o r e  probable  because  appl icat ion of penici l l in to the 
white m a t t e r  a f t e r  p r e l i m i n a r y  r em ova l  of the co r t ex  was ineffect ive.  I so la ted  ext i rpa t ion  of a r e a s  SI and 
SII a f t e r  p r e l i m i n a r y  appl icat ion of penici l l in  r evea led  d i f fe rences  in the re la t ive  contr ibut ion of these  a r e a s  
to the regulat ion of t r a n s m i s s i o n  of a f ferent  impulses  through PVN. The r e su l t s  showed that  in the  case  of 
tha lamic  neurons  sending axons to a r e a  SI,the inhibi tory cor t icofugal  influences f rom this a r ea  were  f a r  
m o r e  effect ive than those  f r o m  a r e a  SII. 

The curve  of r e c o v e r y  of exci tabi l i ty  of the t h a l a m o - c o r t i c a l  r e l ay  ce l l s  capable  of responding to ML 
s t imula t ion  a f t e r  the development  of p a r o x y s m a l  ac t iv i ty  in the cor tex  d i f fered  s ignif icant ly  f r o m  the r e -  
cove ry  curve  before  penici l l in applicat ion.  A f t e r - p r o c e s s e s  in the neurons  of th is  group d i f fered  s igni -  
f icant ly  f rom the a f t e r - p r o c e s s  in the or iginal  population of r e l ay  neurons .  A s ta t i s t i ca l ly  significant  de- 
c r e a s e  in the degree  of a f te r - inh ib i t ion  took place  for  all  i n t e r t r i a l  in te rva l s  between the conditioning and 
tes t ing  s t imul i .  
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