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The recovery  cycle  of the various components of capsulo-cor t ica l  responses  in somatosensory  
cor t ical  a rea  I was investigated in acute and chronic experiments  on waking cats and on cats 
anesthetized with ether.  A method of computation is suggested which enables the true ampli-  
tude of the fast  components of the response to be assessed,  which is impossible by direct  
measurement  becasuse of their  summation with the slow component  of the response.  The 
results  showed that the r ecovery  cycle of the 3rd and 4th initial fast waves in waking cats 
differs f rom the r ecove ry  cycle of the f i rs t  fast wave and the integral  positive wave. Ether  
completely blocks the 3rd and 4th fast waves by stage III 1. The results  demonstra te  p r i -  
m a r y  inhibition of cor t ical  neurons b y  ether  and they support the hypothesis of the post-  
synaptie nature of the 3rd and 4th fast waves.  

In response  to application of a single e lectr ical  stimulus to the thalamic re lay  nucleus or  axons of ths l -  
amo-cor t i ca l  neurons an evoked potential on whose initial positive wave several  fast waves are superposed 
ar i ses  in the corresponding projection a rea  of the cortex [4, 5, 9, 11, 12]. The nature of these waves is not 
fully understood. Some workers  associate them with the activity of tha lamo-cor t ica l  axons [5, 9, 11, 12]. 
According to other workers  these waves, except the first ,  ref lect  spike discharges  of cor t ical  neurons [4, 8, 
10, 14, 17]. Investigations of the r ecovery  cycle of the fast  waves in waking animals by different workers  
have yielded somewhat inconsistent resu l t s  [8, 10, 17]o 

The object of the present  investigation was to study the nature of the fast  waves and to make a more 
detailed analysis of the recovery  cycle  of the various components of the capsulo-cor t ica l  response.  

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

Altogether 15 experiments  were ca r r i ed  out on 10 cats  under acute and chronic conditions. The ex- 
perimental  method was fully descr ibed ea r l i e r  [2]. The internal capsule was stimulated through a double 
electrode by square pulses of electr ic current ,  0.1 msec in duration and twice the threshold level of intensity. 
Evoked potentials were recorded f rom the screen  of a VC-7 oscil loscope by means of a PC-2A (Nihon Kohden) 
camera .  Five responses  were superposed on each f rame.  In 3 experiments  under halothane anesthesia the 

cortex was isolated f r o m  the subcortieal  s t ruc tures  [6] and, in addition, the anter ior  par t  of the corpus ca l -  
losum was divided. After the division the stimulating electrode was inserted horizontally into the white ma t -  
ter  above the incision and 3-4 mm below the boundary of the gray mat ter  beneath somatosensory  a rea  I. The 
stages of ether anes thes iawere  est imated f rom the EEG [13]. The experimental  resul ts  were analyzed by 
stat ist ical  methods. To obtain a c l e a r e r  picture of the resul ts  the weighted sliding mean method was used 
for each interval between stimuli in each stage of anesthesia  separately,  after which the means were obtained 
for each point on the graph [3]. The calculat ions were ca r r i ed  out on the M-220 computer .  
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Fig. 1. Capsulo-cor t ica l  response (A) and 
graph for  c a lcuht ing  true amplitude of fast 
waves of the capsu lo-cor t ica l  response (B). 
A: ar rows 1-4 indicate corresponding fast  
waves (1-4) of the capsule-cor t ica l  response;  
broken line denotes slow positive wave of 
response (after subtraction of the fast waves 
from the integral  response);  using the third 
fast wave as the example the method used 
for the necessa ry  measurements  for subse-  
quent calculation of the true amplitude of the 
fast wave is i l lustrated; A1) amplitude of end 
of wave (minimum); As) amplitude of begin- 
ning of wave (maximum); B explanation in text. 

u (t) = V~ (t) + U2 (t) = kt 

M e t h o d  o f  M e a s u r i n g  t h e  A m p l i t u d e  
o f  t h e  F a s t  W a v e s *  

Since the fast components of the capsulo-  
cor t ical  r esponse , i . e . ,  the 3rd and 4th fast  
positive waves {using the nomenclature in [8]), 
are  usually superposed on the slower integral 
positive wave {Fig. 1A), it is impossible to de- 
termine the true amplitude of these fast waves 
by direct  measurement .  Accordingly,  addi- 
tional calculations were neces sa ry  in o rde r  to 
determine the real  amplitude of the fast waves.  
Let it be assumed that the slow wave Ut(t), 
where the indentations are  located on it, has 
the form of the s traight  line: 

U 1 (t) =kt ,  

where t is the t ime from the beginning of the in- 
dentation and k the coefficient of proportionali ty.  
Let it further  be assumed that in the absence of 
a slow wave the fast wave U 2 (t) is sinusoidal in 
form, i .e . ,  that 

U2(t)= Asin (~-t), (a) 

where A is the true amplitude of the indentation 
and T its duration. The equation for the curve  
recorded  by superposit ion of the fast wave U 2 (t) 
on the slow wave U 1 (t) thus has the form 

+ A sin ( +  t). (]3) 

Let the value tma x at which U (t) reaches  its maximum be found. By differentiating the equation for 
U (t) and equating it to zero  the following equation is obtained for tmax:  

k+~COS ~/max =0, (c) 

whence 

/max = ~ arccos (d) 

Next, let an equation be found for A z (see Fig. 1A) - t h e  ordinate of the maximum of U (t) measured 
from the level of the origin of the fast wave. It is evident that 

A~ = U (tmax) = "-~- arccos ( --"~'~ ) + A V I - - \ A ~ / .  (e) 

* The method of calculation was suggested by K. Yu. Bogdanov. 
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Fig. 2. Effect of ether on evoked potentials in somatosensory  co r t -  
ical a rea  I in response  to e lec t r ica l  stimulation of the internal cap-  
sule of twice the threshold strength. Horizontal rows represen t  stages 
of anesthesia  (Ii, I2, I3, IIIl, III2, III3); left ver t ical  row denotes response 
to single stimulus, other vert ical  rows denote responses  to second 
stimulus following f irs t  after interval indicated by numbers  above (in 
msec).  Time m a r k e r  5 msec ,  cal ibrat ion 100~zV. Downward deflection 
corresponds  to positivity. 

Consequently, 

As kT 
)---- = 0 a rccos  ( - -  0) + 1 / 1  - -  0 2, w h e r e  0 =  z~ .4  ( 1 )  

Evidently A1, the ordinate of the end of the fast  wave in Fig. 1A measured  from the level of its origin, is 
given by A 1 =kv  = ~ A 0 ,  and accordingly 

A 1 gO 

A2 - -  0 a rccos  ( - -  O) -]- -V1 ~ - - ~ - ~  " 
(2) 

A convenient method of calculating the reat  amplitude of A thus follows f rom Eqs. (1) and (2). Actually, 
by determining the value of A 1 / A  2 f rom the experimental  curve,  it is possible to find the value of 0 f rom 
Eq. (2) or  f rom the corresponding graduated curve 1 in Fig. 1B, and by substituting it into Eq. (1) (or t r ans -  
fe r r ing  this value to curve 2), the rat io A/A 2 can be found along the abscissa .  Knowing the value of A 2 the 
true amplitude A of the fast wave can be found. 

The calculation of the real  amplitude of the fast  wave superposed on the slower wave is thus reduced 
to the following stages:  a) determination of the values of A 1 and A 2 (Fig. 1A); b) obtaining the ratio AI/Az; 
c) f rom the value of A1/A 2 the corresponding value of the pa ramete r  0 is determined by curve 1 (Fig. 1B); 
d) f rom the value of 0 thus found, the value of A/A 2 is obtained f rom the absc issa  of curve  2; e) the required 
amplitude of the fast  wave A is equal to the rat io A/A 2 thus found, multiplied by A 2. 

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 cha rac te r i s t i c s  of the response in somatosensory  cor t ical  a rea  I of the waking cat  to single e lec-  
t r ical  stimulation of the internal capsule are  i l lustrated in Fig. 1A and Fig. 2 and they do not differ f rom 
those descr ibed in the l i tera ture .  Changes in the capsu lo-cor t ica l  response  to double stimulation in the 
waki~g animal uad at different s tages of ether  anesthesia  are shown in Figs.  2 axed 3. The data for the dy-  
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Fig. 3. Effect  of e ther  on ampli tude of in tegra l  pos i t ive  wave of 
the capsu lo -co r t i ca l  r e sponse  (AC) and on amplitude of fas t  - 3rd 
(A3) and 4th (A4) - w a v e s  of r e sponse  (stimulation of twice threshold  
strength).  Along the three  axes:  ampli tude of r e sponse  (relat ive 
to amplitude of r e sponse  to single s t imulus  in waking animal),  s tages  
of anes thes ia ,  and in te rva l s  between s t imul i  (in msec) .  

namics  of the f i r s t  fas t  wave a re  not shown on the graph because  of the ve ry  smal l  changes in this compo-  
nent, and the second wave was not analyzed because  of i ts  inconstancy and low amplitude.  The sharp  inc rease  
in amplitude of the third and, in pa r t i cu la r ,  the fourth fas t  waves  of the waking animal  cor responding  to an 
in terval  of 10 msec ,  namely  by 69% (P> 0.99) and by 161% (P> 0.99) respec t ive ly ,  is  m o s t  in teres t ing  and has 
not been descr ibed  by other  authors .  A s i m i l a r  inc rease  was found in the expe r imen t s  on the cor tex  with i ts  
connections with the subcor t ica l  s t ruc tu re s  severed .  It mus t  be emphas ized  that  there  was no change in the 
f o r m  of the response  under these  c i r cums tances .  Although, because  of the smal l  number  of exper imen t s  
with cor t i ca l  isolation,  the r e su l t s  were  not subjected to s ta t i s t ica l  analys is  the impre s s ion  was obtained 
that  faci l i tat ion for  shor t  in te rva ls  between st imuli  was m o r e  marked  in the isola ted hemisphe re  than in the 
insect  cor tex .  This  inc rease ,  which evidently or iginated in the cor tex  i tself ,  could be due e i ther  to an in-  
c r e a s e  in the amplitude of r e s p o n s e s  in the presynapt ic  t e r m i n a l s  [5, 9, 11, 12] or  to faci l i tat ion of synaptic 
t r a n s m i s s i o n  and an i nc rea se  in the number  of synchronously d ischarging cor t ica l  neurons  [4, 8, 10, 14, 17]. 

There  a re  seve ra l  a rguments  in support  of the second hypothesis .  F i r s t ,  the ampli tude of the f i r s t  
fas t  wave,  which undoubtedly r e f l ec t s  act ivi ty of presynapt ic  axons, was not apprec iably  changed. Second, 
e ther  anes thes ia  leads  to rapid  inhibition of the 3rd and 4th fast  waves  but does not affect  the f i r s t  f a s twave  
and the re la t ive ly  smal l  changes in the slow components  of the r e sponse  re f lec t ing  the appearance  of a pos t -  
synaptic potential  (Fig. 3). I t  is unlikely that  the slow components  of the r e sponse  r e m a i n  af ter  conduction 
in the p resynapt ic  t e r m i n a l s  is blocked (assuming that  the 3rd and 4th waves  re f l ec t  the act ivi ty of  these  
t e rmina l s ) .  Third,  the high sensi t iv i ty  of the 3rd and 4th waves  to the action of e ther  is  in good ag reemen t  
with the high sensi t ivi ty  of cor t ica l  unit act ivi ty to the action of this substance descr ibed  prev ious ly  [16]. 
Fourth,  if the 3rd and 4th fas t  waves  re f lec ted  the activity of slowly conducting (unmyelinized) f ibers  the i r  
inhibition ought to be accompanied by an inc rease  in the la tent  per iod of these  waves ,  which was not found 
in the p r e s e n t  exper iments .  

It can be concluded f rom the above cons idera t ions  that  the 3rd and 4th fas t  waves ,  in ag reement  with 
views exp re s sed  by other  w o r k e r s  [4, 8, 10, 14, 17], re f lec t  synchronous d i scha rges  of cor t i ca l  neurons.  
The c h a r a c t e r  of the effect  of e ther  on the capsu lo -co r t i ca l  r e sponses  sugges ts  that  f rom the beginning of 
i ts  inhalation, even before  the appearance  of vis ible  behavor ia l  changes  (as we found in the chronic e x p e r i -  
ments)  or  of changes in the EEG, e ther  inhibits exci tabi l i ty of the cor t i ca l  neurons .  This  effect  is  evidently 
not media ted  through other  s t r u c t u r e s  for,  in pa r t i cu la r ,  the exci tabi l i ty  of the r e t i cu la r  format ion  is not 
notably dis turbed during e ther  anes thes ia  [1], and s tages  I and II a re  actually accompanied  by s t rengthening 
of ascending r e t i cu l a r  influences [15]. I t can  be postulated that  the concre te  m e c h a n i s m  of the effect  of e ther  
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on cortical neurons is an increase in the crit ical level of membrane depolarization, for the presynaptic t e r -  
minals and the mechanism of generation of the excitatory postsynaptic potential are probably less sensitive 
to the action of this substance. Support for this view is given by the absence of change in amplitude of the 
f irs t  fast wave and the comparatively slight degree of inhibition of the integral positive wave of the response 
during ether anesthesia. 
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