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The dynamics of the r ecove ry  curve of amplitude of the testing response in tha lamocor t ica l  
f ibers  to paired stimulation of the medial lemniscus (ML) during the action of var ious  p r o -  
cedures  on the somatosensory  cor tex  was investigated in acute experiments  on cats  anesthe-  
tized with pentobarbital.  The curve  served as an indicator of cort icofugal  influences on after 
inhibition (AI) in the thalamic re lay nucleus. P rocedures  directed toward one somatosensory  
cor t ical  a rea  blocked the t r ansmiss ion  of afferent impulses in 70% of neurons of the thalamic 
re lay  nucleus. Corre la t ion  was found between the number  of neurons part icipating in the r e -  
sponse and the cha rac t e r  of the initial phase of AI. 
KEY WORDS: ce rebra l  cortex; thalamic nuclei; reg~flation of the afferent flow; a f te r -processes .  

If a single afferent volley passes  through the thalamic somatosensory  re lay - the pos te r io r  ventral  nu- 
cleus (PVN) - of the barbi tura te-anes the t ized  animal, after  inhibition (AI) develops in the re lay  cells of the 
nucleus [3, 4, 5]. Since PVN has close two-way connections with the somatosensory  cor tex [1, 8, 9, 12] and 
since cort icofugal  modulation of afferent t r ansmiss ion  is possible in the re lay nucleus, it was decided to study 
the role of the somatic cor t ica l  project ion areas  in the formation of after-inhibition in PVN following the pas -  
sage of an afferent volley. 

The influence of the f i r s t  (S 1) and second (~) somatosensory  areas  of the cor tex  on fast  (phasic) effects 
in re lay neurons of PVN t r iggered  by the passage of an afferent volley was investigated in separate  exper i -  
ments.  

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

Acute experiments  were per formed on 34 cats under intravenous pentobarbital  (4 0 mg/kg) anesthesia.  
After  fixation in a s tereotaxic apparatus and appropriate dissect ion the animal was immobilized with flaxedil 
and art i f icial ly ventilated. 

To stimulate the medial  lemniscus (ML) square pulses (100 #sec) were applied through bipolar  needle 
e lect rodes  ( interelectrode distance 1 mm) in accordance with coordinates of a s tereotaxic atlas [7]. 

Potentials evoked by stimulation of ML were recorded f rom the thalamocort ical  project ion f ibers  in the 
white mat ter  in the immediate  vicinity of the somatosensory  cortex. To al ter  the functional state of the so-  
matosensory  cortex,  areas  S 1 and S 2 were t reated by application of penicillin solution (100,000 units/ml)  or  
by thermocoagulat ion.  

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

The original  curve of one experiment,  showing the amplitude of the second (testing) response of the thal-  
amocor t ica l  f ibers in the region of S 1, as a percentage of the amplitude of the f i rs t  (conditioning) response,  as 
a function of the t ime interval  between the two stimuli (in msec) applied to ML is shown in Fig. 1. Three main 
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Fig. 1. Curve of r ecove ry  of amplitude of testing r e -  
sponse of thalamocort ical  f ibers running to a rea  S 1 in 
response  to stimulation of ML. Shading f rom right to 
left indicates background curves;  shading f rom left to 
r ight indicates curve after  coagulation of cor t ica l  areas  
Sl and S 2 during paroxysmal  activity in cortex. Absc i s -  
sa, interval  between conditioning and testing stimuli 
(in msec;  logari thmic scale); ordinate, amplitude of 
test ing response relative to amplitude of conditioning 
response  (in %). 

par ts  of the curve can be distinguished. T h e r e  is an increase  in AI until 30-35 msee after  application of the 
conditioning stimulus,  bet~veen 30 and 80-100 msec AI weakens, and in the period after  100 and until 500 msec 
phases of waxing and waning of AI al ternates  with a period of about 100 msec.  Averaging the resul ts  of all the 
experiments  smoothed out the individual cycl ic  variat ions in AI (Fig. 2A) on the curve between 100 and 500 
msec caused by sca t te r  of the t imes of occurrence  of the peaks of waxing and waning of AI in the different ex-  
per iments .  The initial segments  of this curve (until 10 msec) is well approximated by the exponential function 
y = 87.2 x 0.89 x, as shown by the value of the coefficient of corre la t ion  r = 0.99 {Fig. 2B). 

After  application of penicillin solution to both somatosensory  a reas  of the cor tex in o rde r  to form parox-  
y sma lae t iv i ty the re in  I6, 10, 11], on the appearance of the so-cal led  penicillin discharges  changes in the tes t -  
ing response were again recorded.  The curve  of AI (Fig. 2C) differed f rom the preceding curve (Fig. 2A) in 
the absence of the maximal inhibitory effect 30 msec after  application of the conditioning stimulus and in the 
general ly  low level of AL The initial segment of the curve also was approximated by the exponential function 
y = 114.7 • 0.96x; r = 0.98 (Fig. 2D). 

After  removal  of cor t ica l  a reas  S 1 and S 2 in a period of peniciIl in-induced paroxysmal  activity the AI 
curve (Fig. 2E) assumed a cha rac te r  s imi lar  to that observed in the animals before penicillin application 
(Fig. 2A). The segment of the curve f rom 3 to 10 msec was approximated by the function y = 106.8 • 0.91x; 
r = 0.99 (Fig. 2F); periods of cyclic fluctuations in the intensity of AI appeared (as in Fig. 1). 

Af ter  removal  of only one cor t ica l  a rea  (S l) during a period of paroxysmal  activity evoked in both areas  
(S 1 and ~)  significant deviations were observed in the curve of changes in the test ing response  (Fig. 2G). Only 
the initial segment  of the curve resembled its previous experience and until 6 msee it was approximated welI 
by the function y = 112.05 x 0.9x; r = 0.99 (Fig. 2H). By 30 msec,  instead of a maximum of inhibition, a de-  
c rease  in AI was observed.  

Application of penicillin to the somatosensory  project ion areas  (S 1 and $2) caused paroxysmal  activity 
in the cor i t ica l  neurons (Fig. 3b, c, d), as a resul t  of which the number of re lay  neurons in PVN responding 
to st imulation of ML was considerably reduced. For  example, the amplitude of potentials in fibers of the re lay  
cells  of PVN recorded  close to cor t ica l  a rea  S I in response to conditioning stimulation of ML at a t ime of 
paroxysmal  activity in the project ion cor tex  (S 1 and $2) was only 30% of the initial level (Fig. 3b), i e., of the 
level before penicillin application (Fig. 3a). After  coagulation of a rea  S 1 the amplitude of these potentials in- 
c reased  to 70% of the initial level (Fig. 3d), but after coagulation of a rea  S 2 this was not observed (Fig. 3o). 

Curves of r e c o v e r y  of the response  of the thalamocort ical  f ibers  i l lustrated in Fig. 2 give information 
on the different numbers of re lay neurons in PVN participating in the t ransmiss ion  of afferent impulses to the 
cortex.  For  example, the curve  in Fig. 2C shows the r ecovery  cycle of activity of 30% of  the population of r e -  
lay cells which, despite the development of paroxysmal  activity in the cortex,  remained capable of t r ansmi t -  
ting afferent impulses [2 ]. 
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Fig. 2. Averaged curves  of r ecovery  of amplitude of testing responses  
of tha lamocor t ica l  f ibers  (left) and approximating exponential functions 
of initial segments  of these curves  (right). A, B) Original curve; C, D) 
af ter  application of penicillin to cor t ical  areas  S t and $2; E, F) af ter  co -  
agulation of cor t ica l  a reas  S t and S 2 during a period of paroxysmal  ac-  
tivity in both cor t ica l  areas;  G, H) after coagulation of cor t ica l  a r ea  S t 
during a per iod of paroxysmal  activity in both cort ical  areas.  Remainder  
of legend as in Fig. 1. 

The curves  in Fig. 2, E, G charac te r i ze  the behavior  of 70% of the re lay  neuron population after  coagu-  
lation of the cor tex  at a time of paroxysmal  activity. AI developing in the re lay cells  until 10 msec  after 
t r ansmiss ion  of the afferent  st imulus is considered to be independent of the cor tex [3, 4, 5]. 

However, even the initial segment  of these curves  (until 3 msec),  although it shows the same tendency, 
never theless  lies at different levels (see Fig. 2: B, D, F, H). Assuming 100% part icipation of re lay  cells  in 
t r ansmiss ion  of the afferent  stimulus, at 3 msec  (x = 3) Yi was 62.64 (Fig. 2A, B), with 30% participation (during 
paroxysmal  activation) at the same time interval (x = 3) it was 100.37, and with 70% part icipation (after coagu- 
lation of the cortex) it was 82.29, i .e. ,  intermediate  in position between Yi andY2. These resul ts  indicate the 
p resence  of c lear  corre la t ion  between the number  of re lay cells t ransmit t ing the stimuli and the charac te r  of 
the developing AI. This corre la t ion  can be explained on the grounds that, after the application of penicillin, 
the distribution of probabil i ty of response  of re lay  cells capable of t ransmit t ing the afferent  stimulus differs 
f rom the distribution of probabil i ty of response  of the whole cell  population before penicillin application. The 
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Fig. 3. Potentials  recorded  in cor t ica l  a reas  S 1 
and S 2. Left: co r t i cogram in S 1 and $2; r i g h t -  
focal potentials of thalamocor t ica l  f ibers  in r e -  
gion of S 1 evoked by stimulation areas ;  C) a f te r  
coagulation of a rea  S 1 during a per iod of pa roxys -  
mal activity; D) af te r  coagulation of a rea  S 1 during 
a period of paroxysmal  activity. Calibration: t ime 
5 msec,  amplitude 100 ~V. 

probabil i ty of response  of a single cel l  is determined by the afferent  input and modulating influences f rom 
outside. Since the density of the inputs is unequal, there  is some inequality also in the distr ibution of the 
probabil i t ies  of response  of single cells .  It is natural  to suggest that during p rocedures  d i rec ted  toward the 
cor tex  cel ls  with the lowest  probabil i ty  of response  will be inhibited f i rs t .  F o r  that reason,  during application 
of penicil l in to cor t ica l  a r ea  S 1, when the amplitude of response  to the conditioning st imulus was only 30% of 
the initial value, ce l ls  with the highest  probabil i ty  of response  did in fact  respond. The possibi l i ty cannot be 
ruled out that the exci ta tory  influence of cor t ica l  a rea  S 2 masks  the in ternal  af ter- inhibi t ion actually in the 
initial phase.  The phasic exc i ta tory  influence f rom area  S 2 may be e i ther  d i rec t  or  mediated through the non- 
specific sys tem of the thalamus.  
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AFFERENT IMPULSES FROM SKIN 

IN RESPONSE TO A JET OF AIR 
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The colliding impulse  method was used  to inves t igate  af ferent  impulsat ion in d i f ferent  types 
of f i be r s  of the cutaneous ne rves  innervat ing the ha i ry  skin on the medial  sur face  of a c a t ' s  
paw. It was  shown that  a change in the intensi ty of the acting st imulus caused a change in 
the s t ruc tu re  of the af ferent  flow. An inc rea se  in the s t rength of the je t  of a i r  caused an in-  
c r e a s e  in the number  of act ive  f ibe r s  and in the f requency of the af ferent  impulsa t ion and 
it led to the exci tat ion of other  types  of f ibe r s  also. 
KEY WORDS: cutaneous nerve;  ne rve  f ibers ;  s t imulat ion of the skin; af ferent  impulsat ion.  

The morphologica l  and physiological  p r o p e r t i e s  of single skin r e c e p t o r s  have now been studied detail  
[7-9]. The coding of informat ion  on s t imulat ion is known to take place  in them through changes in the f r e -  
quency of impulsa t ion  [10-12]. Under na tura l  conditions of excitat ion,  however ,  many  r e c e p t o r s  of different  
types  a re  exci ted s imul taneously .  Different ia t ion of the quali ty and intensi ty of the acting s t imulus  in this case  
is c a r r i e d  out through a code of nervous  impulses  t ravel l ing along the col lect ion of ne rve  f ibers  with different  
conduction veloci ty  and with d i f ferent  f requenc ies  of impulses  in the volley [18]. 

It  is difficult  to f o r m  any sufficiently t rue  i m p r e s s i o n  of the af ferent  flow f r o m  re sponses  of single r e -  
cep to r s ,  for ,  in the f i r s t  place , when single f ibe r s  a re  tes ted  the th ickes t  of them a re  involuntari ly chosen [8, 
15] and, second, when f ibe r s  a re  sepa ra ted  f r o m  the ne rve  t runk the integr i ty  of the ionic b a r r i e r  surrounding 
the exci table  m e m b r a n e  is dis turbed.  This  leads  to changes in the c h a r a c t e r i s t i c s  of the af ferent  r e sponses  
[5]. The act ivi ty of a single r ecep to r ,  m o r e o v e r ,  depends not only on the p a r a m e t e r s  of the acting s t imulus ,  
but also on the influence of neighboring exci ted r e c e p t o r s  on it [2, 13]. Ul t imately all these  f ac to r s  modify 
the c h a r a c t e r  of the global r e sponse  of the r e c e p t o r s .  To a s s e s s  the a f fe ren t  flow ca r ry ing  informat ion about 
s t imulat ion co r r ec t l y ,  i t  is essen t ia l  to do m o r e  than analyze the act ivi ty of single ne rve  f ibers .  

In the cour se  of the p r e s e n t  invest igat ion the method of record ing  f r o m  a whole ne rve  t runk was used. 
Changes in the af ferent  flow in the saphenous ne rve  were  invest igated during s t imulat ion of the ha i ry  skin by 
je t s  of a i r  of d i f ferent  in tens i t ies .  

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

Exper iments  were  c a r r i e d  out on 25 cats  anesthet ized with hexobarbi ta l  (250 mg /kg  body weight, i n t r a -  
muscular ly) .  

To de te rmine  the f requency s p e c t r u m  of a f ferent  impulsa t ion  and the dis tr ibut ion of the re la t ive  number  
of a f fe ren t  f i be r s  conducting impu l ses  of pa r t i cu l a r  f requencies ,  a modified colliding impulse  method [4] was 
used. 

Fo r  this pu rpose  s t imulat ing e lec t rodes  were  applied in the region of the groin  to a d i ssec ted  length of 
the saphenous nerve ,  the cen t ra l  end of which was divided. The ne rve  was s t imulated by square  pulses  whose 
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