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The comparat ive  investigation of the cor t ica l  e lect r ical  activity during barbi tura te  and ether anesthe-  
sia reveals  differences in the e lec t roencephalogram (EEG) in these conditions [6, 8]. Intercol l icular  divis-  
ion of the brain s tem causes the same changes in the EEG as sedative doses of barbi tura tes  [7]. It has 
been shown by the method of record ing  the constant potentials that barbi tura tes  produce hyperpolar izat ion 
and e t h e r - d e p o l a r i z a t i o n  of the ce rebra l  cortex [4,9]. No agreement  has however been reached regarding 
the cause of the differences in the electrophysiological  charac ter i s t ics  of barbi turate  and ether  anesthesia.  

The object of the p resen t  investigation was to make a comparat ive study of the changes in the con- 
stant polar izat ion potential (CPP) and the EEG of the cerebra l  hemispheres  of the cat during production of 
hexobarbital anesthesia,  during administrat ion of narcot ic  doses of e ther  by inhalation and by subcutaneous 
injection, and after  decerebra t ion.  The effect  of e ther  and asphyxia on the CPP of the cerveau isol6 p r e -  
parat ion was also studied. 

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

Investigations were  ca r r i ed  out on t racheotomized cats.  The CPP of the sensor imotor  area of the 
cor tex were r ecorded  by means of nonpolarizing electrodes (Zn-ZnSO4), and the wick of the indifferent 
e lect rode was fixed to the nasal  bone f rom which the per ios teum had been str ipped.  The CPP were  r e c o r d -  
ed by a compensation method (accuracy of measurement  up to 0.1 mV) by means of a high-ohmic potentio- 
mete r  and a m i r r o r  galvanometer .  In some experiments  the CPP were recorded  automatical ly by means 
of a type N-373-1 dc se l f -wri t ing apparatus.  The E E G o f  the sensor imotor  cor texwas  recordedper iod ica l ly .  

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

The effect of decerebra t ion  on the CPP of the ce rebra l  hemispheres  was studied in 16 cats.  In 15 
experiments  during the in tercol l icular  division of the brain s tem an electroposi t ive jump of the potentials 
by 2-7 mV was observed,  followed by a slow decrease  over  a period of 3-8 rain to the initial level and 
somet imes  below it. This eleetroposi t ive wave is not an ar t i fact  because catting with a scapel when 
the hand was e lec t r ica l ly  insulated, and with a bone knife produced this phenomenon equal ly  After 
res tora t ion  of the original value of the CPP,  a prolonged secondary  hyperpolar izat ion developed 
(2.0-6.2 inV. mean 3.96• 0.44 mV), decreas ing after  40-90 min. The hyperpolar izat ion observed during 
division of the bra in  s tem coincided in time with the appearance of slow waves on the EEG, interrupted by 
burs ts  of spindles (Fig. 1). Only in one experiment  was no change in the level of polar izat ion of the cortex 
caused by division of the mesencephalon.  

The effect of hexobarbital  on the CPP of the ce rebra l  hemispheres  was investigated in 10 cats.  Be-  
cause of the mass ive  doses of the drug injected (200-300 mg/kg) a state of deep anesthesia lasting many 
hours was produced.  In all the experiments ,  5-20 min after  injection of the hexobarbital the animals de- 
veloped hyperpolar iza t ion of the cortex.  The hyperpolar izat ion increased  during the next 15-50 rain and 
reached 1-3 mV (mean 2.12• mV), and remained  at this level for  20-80 rain. Later ,  as a rule,  the 
magnitude of the e lectroposi t ive  potential decreased,  and somethimes fell below the initial level (Fig. 2). 
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Fig. 1. Effect of in te rcol l icu lar  
division of the bra in  s tem on the 
cons rant polar izat ion potentials 
of the ca t ' s  cor tex and the sub-  
sequent action of e ther  and as -  
phyxia on the level of po la r i za -  
tion of the cor tex of a cerveau 
isol~ prepara t ion .  Along the axis 
of absc i ssas  - t ime (in min); along 
the axis of ordinates - l e v e l  of po-  
lar izat ion (in rnV). Bottom curve - 
CPP of ce rebra l  cortex,  top c u r v e -  
EEG. Ar rows :  l s t - d e c e r e b r a -  
tion, 2 n d -  beginning of inhalation 
of ether,  3 r d - e n d  of inhalation of 
ether,  4th - compress ion  of the 
t rachea (asphyxia). 
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Fig. 2. Effect of hexobarbital  on the con-  
stant polar izat ion potentials of the ca t ' s  
ce rebra l  cortex.  A r r o w - i n j e c t i o n  of 
hexobarbital .  Remainder  of legend as 
in Fig. 1. 

In all the exper iments  a constant  cor re la t ion  
was observed between the level of polar izat ion of the 
cor tex and the EEG. Slow waves appeared on the 
EEG before the increase  in the e lectroposi t ive  poten-  
tial. In the period of hyperpolar izat ion,  however,  the 
amplitude of these slow waves ! inc reased  and spindles 
per iodical ly  appeared. With a decrease  in the hype r -  
polar izat ion the bioelectr ical  act ivi ty of the brain  was 

depressed.  In the experiments  in which hyperpolar izat ion changed into depolarization, the EEG consis ted 
of the i soe lec t r ic  line, in terrupted by occasional  "d ischarges"  with a f requency of 0.5-2 per  second (Fig. 2). 

Against  the background of hyperpolar iza t ion of the cortex caused by hexobarbital ,  when smal l  chronic 
convulsions were observed  although the animal did not awake following injection of b e m e g r i d e ' - a  barb i tu-  
ra te  an t agon i s t - i n  a dose of 5-6 mg/kg,  the EEG showed an increase  in the frequency of the rhythm, and 
a decrease  in the amplitude of the waves. In 6 of the 10 tests  in which bemegr ide  was injected the level of 
the CPP fell, while in 4 tests the development of hyperpolar izat ion stepped. 

The effect of inhalation of ether  on the level of the cor t ical  CPP was studied in 22 test  on 12 cats.  
In all cases  anesthesia caused by inhalation of e ther  was accompanied by marked depolarizat ion of the 
hemisphere  (from -0.7 to - 7 mV, mean -2.91• mV). Depolarization appeared 1-3 re_in af ter  the inha- 
lation of e ther  was s ta r ted  and it was maintained throughout the per iod of anesthesia (5-15 rain). When the 
inhalation of ether was discontinued, the CPP of the bra in  re turned  to their initial level after  2-5 rain (Fig. 
3). During the depolarizat ion caused by ether  anesthesia,  a slowing of the rhythm of the e lec t r ica l  activity 
and an increase  in the amplitude of the waves were observed on the EEG. However, these changes were 
much less marked than during barbi tura te  anesthesia.  

Because the inhalation of e ther  is accompanied by i r r i ta t ion of the recep to r s  of the r e sp i r a to ry  pas -  
sages,  10 experiments  were ca r r i ed  out in which a narcot ic  dose of ether  was injected subcutaneously.  In 
9 experiments ,  13-20 rain af ter  injection of an e ther-oi l  mixture (8-10 ml /kg  body weight), depolarizat ion 
of the cortex developed (from -1.6 to -5.1 mV, mean -3.12+0.31 mV). This dcpt, lar izat ion lasted for 20- 
60 man, throughout the per iod of narcot ic  sleep. When the animal awoke the CPP re turned  to their original  
level. Only in one experiment  did the subcutaneous injection of e ther  cause an inc rease  in the e lec t ropos i -  
tive potential of 3.4 m'V. 

In experiments  on cats with cerveau  isol~,, inhalation of ether  was given against the background of 
maximal hyperpolar izat ion of the cortex,  and also during the per iod of decrease  of the electroposi t ive po-  
tential and of repolar izat ion.  In all these 20 tests the level of the CPP and the pat tern  of the EEG was un-  
changed by the action of ether  (Fig. 1). 
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Fig.  3. Effect  of e the r  on the 
constant  po la r iza t ion  potent-  
ials  of the c a t ' s  c e r e b r a l  c o r -  
tex. Ar rows :  l s t - b e g i n n i n g  
of inhalat ion of e ther ,  2 n d -  
end of inhalation of e ther .  Re-  
ma inder  of legend as in Fig. 1. 

Eight tests  were  p e r f o r m e d  on the s a m e  de-  
ce~ebra te  cats in which the t rachea was c o m p r e s s e d  
to study the effect  of asphyxia on the CPP of the 
"s leeping bra in"  p repara t ion .  In all  the exper imen t s  
the level  of polar iza t ion  of the c e r e b r a l  hemisphe re s  
exhibited changes of phase .  Ini t ia l ly it changed to- 
ward  hyperpolar izat ion,  f r o m  2.1 to 5.5 mV (mean 
3.07• mV), but 2-5 rain l a t e r  the e lec t ropos i t ive  
potential  fell  sha rp ly  by 6.1-9.5 mV (mean 8.1~=0.39 
mV: Fig. 1). 

A fact  which dese rved  attention was the uni form 
direct ion of the change in the level  of the CPP of the 
cor tex  during ba rb i tu ra t e  anes thes ia  and in the c e r -  
veau isol~ p repara t ion .  The hyperpo la r iza t ion  ob- 
s e rved  in these s ta tes ,  takenin conjuaction with the 
uni form changes on the EEG, sugges ts  t ha tba rb i tu ra t e  
anes thes ia  develops on account of exclusion of the 
tonic influence f r o m  the r e t i cu l a r  format ion .  Ba rb i -  

tura tes  have a d i r ec t  action on the cor t i ca l  e lements  only in the late s tages  of anes thes ia ,  as is conf i rmed 
by the secondary  depolar iza t ion  r epo r t ed  by s e v e r a l  authors  [1,3] and by mysel f ,  coinciding in my inves t i -  
gations with the per iod  of dep res s ion  of the fas t  e l ec t r i ca l  act ivi ty.  

The depolar iza t ion  of the cor tex  during e ther  anes thes ia  was not  due to i r r i t a t ion  of the r e c e p t o r s  of 
the c ran ia l  ne rves ,  because  it developed also af ter  subcutaneous inject ion of the e the r -o i l  mixture .  In th is  
r e spec t  my  resu l t s  conflict  with those obtained by A. I, Volegov [2]. Since inhalation of n a r c o t i c d o s e s  of 
e ther  was not r e f l ec ted  in the level  of the cor t ica l  CPP of the ce rveau  isol~ p repara t ion ,  while asphyxia 
usual ly  had a negat ivizing effect  [5, 10], i t  can be a s sumed  that e ther  anesthesia  is due to the action of the 
volat i le  anesthet ic  on the r e t i c u l a r  fo rmat ion  of the b ra in  s t em.  However,  a final solution of this p rob l em 
of the c h a r a c t e r  and local izat ion of the action of e ther  mus t  await fu r the r  invest igat ion.  
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