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In acute expe r imen t s  on 30 ca t s  the effect  of na rco t i c s  (thiopental sodium, sodium hydroxy-  
butyrate) ,  s t imulants  (bemegride,  caffeine),  and t r anqu i l i ze r s  (chlorpromazine,  t r i f l u o p e r -  
azine) on evoked re f l ex  py ramida l  r e s p o n s e s  was invest igated.  The tes ted  na rco t i c s  sup-  
p r e s s e d  this r e s pons e  and, of the whole r e f l ex  a rc  involved in i ts  rea l iza t ion ,  the i n t r a c o r -  
t ical  connections re lay ing  between the sensory  and moto r  a r e a s  of the co r t ex  were  mos t  
sens i t ive  to na rco t i c s .  The abili ty of s t imulants  to abol ish  this effect  was  d i scovered .  T r a n -  
qui l izers  do not s upp re s s  r e f l ex  py ramida l  or  in t racor t i ca l  r e sponses .  

The r e spons e  a r i s ing  in the bulbar  p y r a m i d s  during pe r iphe ra l  s t imulat ion can be r ega rded  as an 
e lec t rophysiological  equivalent of complex  re f l ex  r e s p o n s e s  to a flow of a f fe ren t  impulses  in the co r t ex  [16]. 

Changes in the re f lex  pyramida l  r e s po nse  have been studied during the action of ce r t a in  na rco t i c s  
(thiopental sodium and sodium hydroxybutyrate)  the i r  antagonis ts  (bemegride and caffeine),  and t r anqu i l i ze r s  
( t r i f luoperazine and eh lorpromazine) .  To analyze  the resu l t s ,  the effect  of these  subs tances  was a lso  s tud-  
ied on the p r i m a r y  cor t i ca l  r e s pons e  to a f fe ren t  s t imulat ion and on the in t r acor t i ca l  r e sponse  of the moto r  
co r t ex  to s t imulat ion of the s o m a t o s e n s o r y  a r e a .  

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

Acute expe r imen t s  w e r e  c a r r i e d  ou t  on 30 adult ca t s .  Because  of the difficulty of obtaining a p y r a -  
midal  r e sponse  in unanesthet ized an ima l s  [10], ch lo ra lose  was used, but in smal l  doses  (25-30 mg/kg, in-  
t raper i tonea l ly) .  In expe r imen t s  in which the anes thes ia  was insufficiently deep, at  the mos t  t r aumat ic  m o -  
ments  of the operat ion,  e ther  was given additionally.  Acces s  to the bulbar  py ramids  was obtained f r o m  the 
vent ra l  aspect ,  through the b a s i l a r  bone. At the end of the opera t ion the cat  was  immobi l ized  with flaxedil  
and ar t i f ic ia l  r e sp i r a t i on  applied. Responses  to b ipo la r  e l ec t r i ca l  s t imulat ion of the con t ra l a t e ra l  fo re l imb 
were  r eco rded  with monopolar  e l ec t rodes  located on the bulbar  py ramids  1-2 m m  caudally to the pons. In 
ca se s  when an an t id romic  p y r a m i d a l  r e s ponse  had to be obtained to ver i fy  the s ta te  of the ef ferent  pa r t  of 
the invest igated re f l ex  a rc ,  the same  a r e a  of the p y r a m i d s  was s t imulated by a b ipolar  technique; the r e -  
sponse a r i s ing  in the moto r  co r t ex  was r eco rded .  To r e c o r d  p r i m a r y  cor t ica l  r e s p o n s e s  a monopolar  e l e c -  
t rode was applied to the co r t ex  in the region of r ep re sen ta t i on  of cutaneous sensat ion of the fore l imb in 
a r e a  S- I  (Fig. 1, scheme) .  To obtain the in t r acor t i ca l  response ,  b ipo la r  s t imulat ing e lec t rodes  were  ap -  
plied to the sur face  of the co r t ex  in a r e a  S-I, and the monopolar  r ecord ing  e lec t rode  in the moto r  cor tex .  
Square pulses ,  0.1-0.12 msec  in durat ion and 1.3-1.5 t imes  above the threshold  voltage, genera ted  by a 
Neurovar  s t imula tor ,  we re  used. In some expe r imen t s  pa ra l l e l  ink record ing  were  made of the sponta-  
neous EEG. 

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 re f lex  py ramida l  r e s pons e  consis ted of a pos i t ive -nega t ive  wave,  the ampli tude of its pos i t ive  
component  varying f r o m  50 to 250 #V, and that  of i ts  negat ive component  f rom 50 to 150 #V. The la tent  pe -  
r iod of the r e spo ns e  was 22-30 msec ,  the durat ion of the posi t ive wave 12-20 msec ,  and that  of the negat ive 
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Fig. i. Comparative action of thiopental sodium 
and bemegride on reflex pyramidal response (I), 
response of somatosensory cortex (If), and intra- 
cortical response (III). A) Before administration 
of drugs; B) 3 rain after intravenous injection of 

sodium thiopental, 10 mg/kg; C) 3 min after addi- 
tional injection of thiopental sodium, 20 mg/kg; D) 
6 rain after intravenous injection of bemegride, 
I0 mg/kg; E) i0 rnin after same injection; F) 3 rnin 
after additional injection of bemegride, i0 mg/kg. 
Above - schemes showing location of stimulating 
and recording electrodes: on the left, for record- 
ing reflex pyramidal response and specific re- 
sponse in somatomsensory cortex; on the right, 

wave from 20-40 msec. This response was diminished 
1-2 rain after injection of thiopental sodium (starting 
with a dose of i0 mgTkg), and after 3 rain it was com- 
pletely suppressed (Fig. I). Recovery of the response 
took place after 30 rain, and in some experiments this 
was preceded by a transient increase in amplitude over 
the initial level. Similar results were obtained also 
by administration of sodium hydroxybutyrate, starting 
with a dose of 200 mg/kg (Fig. 2, Ill). 

Comparison of the dynamics of changes in the 
reflex pyramidal response with the primary response 
in area S-I showed that the primary response was af- 
fected to a lesser degree by both narcotics: in doses 
causing complete suppression of the reflex pyramidal 
response, thiopental sodium and sodium hydroxybuty- 
rate merely diminished the amplitude of the primary 
response (Fig. IB). Its suppression required a further 
injection of sodium thiopental (Fig. IC) or sodium hy- 
droxybutyrate. In an attempt to weaken the depression 
of the responses by means of analepties, earlier re- 
storation of the primary response was obtained. For 
instance, to abolish the effect of thiopental sodium on 
the pyramidal response, larger doses of bemegride 
were necessary than to restore the primary response 
(Fig. I, D-F). The same results were obtained in the 
case of abolition of depression produced by sodium hy- 
droxybutyrate by means of caffeine. 

The reflex pyramidal response recorded from 
axons of the first descending cortical neuron is known 
to be the result of spread of the impulse along a com- 
plex path whose afferent part passes from the receptor 
through the spinal cord or medulla to the thalamus, and 
then to the area of cortical representation; the effer- 
ent part consists of the pyramidal tract, commencing 

in the motor cortex [7, 9, 13]. This reflex arc can be 
closed through direct connections between the thalamus 
and motor cortex [14] and through intracortical con- 
nections. The presence of cortico-cortical connections 

for  in t racor t i ca l  r e sponse ,  between the sensory  and motor  a r e a s  of the cor tex ,  
p e r f o r m i n g  assoc ia t ive  functions [1, 4, 8], have been 

demons t ra t ed  ana tomica l ly ,  and f ibers  of cor t i ca l  l a y e r s  I II-IV have been shown to be respons ib le  [11, 12, 
15]. Sencer  [17] and Nar ikashvi l i  et al.  [3, 4] d i scovered  these  connections by e lec t rophysiologica l  methods.  

Fig. 2. Changes in reflex pyramidal response under the influence 
of sodium hydroxybutyrate and caffeine. I) Control; If) 15 rain after 
intravenous injection of sodium hydroxybutyrate in dose of 50 mg/~g; 
Ill) 15 rain after intravenous injection of sodium hydroxybutyrate, 200 
mg~4g; IV) i0 min after intravenous injection of caffeine in dose of 12 mg/kg. 
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Fig. 3. Effect  of t r i f luoperaz ine  on re f l ex  p y r -  
amidal  (I), p r i m a r y  (II), and in t r acor t i ca l  (III) 
r e sponses .  A ) B e f o r e  injection of drugs;  B)30 
rain, and C) 60 rain a f t e r  in t ravenous  injection 
of t r i f luoperaz ine ,  5 mg/kg.  

R e m e m b e r i n g  the e a r l i e r  inhibition of the re f lex  
pyramida l  r e sponse  compa red  with the p r i m a r y  r e -  
sponse,  and a lso  the fact  that  the an t id romic  py ramida l  
response was not suppressed at that moment, it was 

postulated that this effect could be due to the predom- 
inant influence of these drugs on pathways of trans- 
mission of impulses between the sensory and motor 
areas of the cortex. To clarify this position, experi- 
ments were carried out to study the evoked intracor- 

tieal response arising in the motor cortex during stim- 

ulation of somatosensory area I. This response was 

characterized by a latent period of 2-4 msec and a 
duration of 20-30 msec. It was formed of a positive- 
negative wave (the amplitude of the positive wave va- 

ried). If the sweep of scanning was increased, 3 or 4 

spike-like waves were observed on the positive wave, 

similar to those found by Rabin [6] when studying re- 

sponses arising in area S-II during stimulation of 
area S-I. 

The present experiments showed that sodium 

thiopental, in a dose of 10-15 mg/kg, depressed the 
in t racor t i ca l  response ,  and did so to a g r e a t e r  degree  than the p r i m a r y  re sponse ,  while b e m e g r i d e  abolished 
depress ion  of the in t racor t i ca l  r e sponse  l a t e r  than that  of the p r i m a r y  (Fig. 1). S imi lar  r e su l t s  we re  ob-  
tained a f te r  injection of sodium hydroxybutyra te  and subsequent  abolit ion of depress ion  of the r e s p o n s e s  
with caffeine.  It is impor tan t  to emphas ize  that  the in t racor t i ea l  r e sponse  di f fered f r o m  the d i rec t  cor t ica l  
(~ dendritic~) r e sponse  : as  pa ra l l e l  r eco rd ings  of both r e s p o n s e s  showed, it occu r red  in r e sponse  to s t ronge r  
st imulation,  it had a longer  la tent  per iod (that of the d i r ec t  cor t ica l  r e s p o n s e  was  l e s s  than i msec) ,  and, 
as  a l ready  mentioned, spikes  we re  p re sen t  on the posi t ive  wave of the in t racor t i ca l  r e sponse .  The i n t r a -  
cor t ica l  r e sponse  differed f r o m  the "dendr i t ic"  a l so  in its sensi t iv i ty  to na r co t i c s :  depress ion  of the , 'den-  
dritic,,  r e sponse  was  observed  a f t e r  injection of thiopental sodium in doses  twice or  t h ree  t imes  higher  than 
the doses  requi red  to supp re s s  the in t racor t i ca l  r e sponse .  Af te r  blocking of resp i ra t ion ,  the in t r acor t i ca l  
r e sponse  d i sappeared  sooner  than the ndendritic,, and the f i r s t  of these  was  supp re s sed  before  the sponta -  
neous EEG-ae t iv i ty  d isappeared ,  while the second was suppres sed  only a f t e r  comple te  d i s appea rance  of the 
spontaneous act ivi ty.  The dendri t ic  r e sponse  is cons idered  to be monosynapt ic ,  while the in t r acor t i ca l  r e -  
sponse is evidently conducted through additional synapses .  

So far  as  the t r anqu i l i ze r s  t r i f luoperaz ine  and ch lo rp romaz ine  a r e  concerned,  these  subs tances ,  in 
the dose range studied (3-7 mg/kg), d e p r e s s e d  nei ther  r e f l ex  py ramida l  nor  p r i m a r y  nor  in t r acor t i ca l  r e -  
sponses  (Fig. 3). The only except ions w e r e  individual t e s t s  in which ch lo rp romaz ine ,  when injected rapidly,  
produced a t e m p o r a r y  (5-6 rain) d e c r e a s e  in ampli tude of the r e sponses ,  a s soc ia ted  with lowering of the 
a r t e r i a l  p r e s s u r e .  

The r e su l t s  of these exper imen t s  sugges t  that  in t r acor t i ca l  r e l ay  m e c h a n i s m s  a r e  highly sens i t ive  
to thiopental sodium and to sodium hydroxybutyra te ,  and that  the obse rved  changes in the re f lex  pyramida l  
r e sponse  a r e  l a rge ly  due to the i r  effect  on these  s t ruc tu re s .  Converse ly ,  the invest igated t r anqu i l i ze r s  do 
not dep re s s  synaptic t r a n s m i s s i o n  f rom the sensory  co r t ex  to the moto r  a r e a  and do not inhibit the r e f l ex  
pyramida l  r e sponse .  

As the w r i t e r s  have shown previous ly ,  another  evoked response ,  fo rmed  ent i re ly  in the co r t ex  (the 
t ransca l losa l ) ,  is a l so  sens i t ive  to na rco t i c s  [2, 5]. Di f fe rences  in the d i rec t ion  of the changes  - an i nc r ea se  
in ampli tude of the t r an sca l l o sa l  r e sponse  and depress ion  of the py ramida l  r e s p o n s e  - a r e  evidently due to 
the fact  that  the f i r s t  was  r eco rded  in c u r a r i z e d  an ima l s  and the second in an ima l s  anes the t ized  with c h l o r -  
a lose .  In one case  the b ioe lec t r i ca l  act ivi ty was  no rma l  in the or iginal  state,  while in the other  there  was  
a definite degree  of dep re s s ion  (after ch lo ra lose  in a dose of 25-30 mg/kg, when, judging f r o m  the EEG, the 
depth of depress ion  was  modera te ) ,  Fo r  this r e a s o n  even smal l  doses  of b a r b i t u r a t e s  and sodium hydrox-  
butyrate ,  against  the background of ch lora lose ,  do not i nc rea se  the ampli tude of the potent ials ,  as  is c h a r -  
ac te r i s t i c  of a modera te  depth of depress ion ,  but produce the c h a r a c t e r i s t i c  inhibition of deep depress ion .  
This hypothesis  was conf i rmed  by expe r imen t s  in which the t r ansca l lo sa l  r e sponse  was invest igated in ca t s  
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anesthet ized with chlora lose;  in these animals  barb i tu ra tes  and sodium hydroxybutyrate ,  in small doses,  
were  found to inhibit the response .  These findings conf i rm that the ch a r ac t e r  of premedicat ion for anes -  
thesia  can de te rmine  the d i rec t ion of the effect  of pharmacological  agents on the brain biopotentials.  
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