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Numerous investigations ['11, 13, 14, 15, and others] have shown that the deve lopment  of sleep under anes-  
thesia is due to blocking of the re t icular  formation of the brain stem. The problem of the state of the cerebra l  cor-  
tex during various forms of general  anesthesia has not yet  been solved. 

When given as an anesthetic,  ether lowers lab i l i ty  and causes ca thodal  depression, whereas hexabarb i ta l  acts 
in the opposite manner and increases lab i l i ty ,  causing anodal depression [1, 2, 6, 7, 9, 12]. Direct  measurement  of 

the general  level  of the polar izat ion potentials  of the cerebra l  cortex in albino mice  has shown that in hexabarb i ta l  
anesthesia a hyperpolar iza t ion  develops,  whereas ether and urethane anesthesia leads to depolar iza t ion  [10]. 

S. V. Levin [8] showed by means of the vi tal  staining method that the sorptive properties of the cerebral  cor t i -  
ca l  cel ls  of albino mice  are increased by 69.2% during ether anesthesia, and by 64.4% in urethane anesthesia, over 
control  values. In the present paper we examine  the sorptive properties of the cerebra l  cortex during ether and hex-  
abarbi ta l  anesthesia. 

E X P E R I M E N T A L  M E T H O D  
Experiments were conducted on albino mice  by S. V, Levin's method [8]. Under l ight anesthesia the skullwas 

trephined and the meninges over the frontal and par ie ta l  areas of the cortex removed in both control and exper imen-  
tal animals;  the animals were then p laced  in a humid chamber  at 

TABLE 1. Results During Ether Anesthesia 
(Exposure for 30 minutes) 

EX 1000 control  
EX 1000 exp, 

exp. 

190 
200 
226 
233 
266 
290 
303 
190 
286 
316 

Me--:250+ 15,2 

M = +84 ~ 21 

M e 
. . . . .  y. 100--= 150% 

MK 

120 
100 
123 
200 
160 
193 
216 
120 
196 
223 

MK= 1667k'_ 14,5 

brain surface was freed from tissue debris (skin, 
staining. 

By inserting a corneal  trephine, 4 m m  in 
of standard size was obtained,  consisting of the 

33*. The exposed surface of the brain was immersed in Ringer 'sso-  

lution (soda-free),  warmed to 36-3T.  Thir ty  minutes after opera-  
tion, when the action of the ether had passed off, v i ta l  staining was 

performed, using as basic  dye a 0.05% solution of neutral  red in soda-  
free Ringer's solution at 36 -3T .  

In the first series of exper iments  the exper imenta l  mice were 

anesthet ized by means of cotton wool, pressed into the shape of a 
funnel and soaked in ether. The upper edge of the funnel was p laced  
over the mouse 's  nose. Slow breathing and absence of defense re-  
flexes indica ted  comple te  anesthesia. Ether anesthesia lasted 30 
minutes, and throughout this period the exposed areas of the cor tex 
were t reated with vi ta l  dye. The cortex of the control  mice ,  which 

were not anesthet ized,  was also stained for 30 minutes. 

In the second and third series of experiments ,  anesthesia was 
induced in the exper imenta l  mice by subcutaneous inject ion of hex-  
abarbi ta l ,  di luted 1 : 100, in a dose of 2-3 nag (1 rag/10 g body 
weight). Staining continued for 30 minutes in the second series of 
experiments  and 45 minutes in the third. At the end of staining the 
muscles, meninges,  blood c lo t ) accumula t ing  there in the course of 

d iameter ,  into the brain for a depth of 5 mm,  a p iece  of brain tissue 
stained grey mat ter  and unstained white matter .  The ext rac ted  p iece  
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of tissue was immersed in 1.2 ml of 70* alcohol,  acidif ied with 2% sulfuric acid.  After 24 hours the a lcohol ic  ex-  

tracts of the dye ex t r ac t ed  from the cerebral  cortex were es t imated on the FEK-M photoelec t r ic  color imeter .  The 

values of E obtained were mul t ip l ied  by 1000 and ca lcu la ted  for a layer of thickness 1 cm, The a r i thmet ic  mean 

of the exper imenta l  results M e was expressed as a percentage of the a r i thmet ic  mean of the control results MK: 

Mex 100. 
M k 

E X P E R I M E N T A L  R E S U L T S  
In the first series of experiments  we studied the changes in the sorptive proper t iesof the  cerebra l  cortex in 

albino mice  during ether  anesthesia. I t  can be seen from Table 1 that  ether anesthesia increased the sorptive prop- 

er t ies  of the cortex by 50%, Our results thus agree with those of S. V, Levin [8]. 

In the second series of exper iments  we studied the effect  of hexabarb i ta l  anesthesia on sorption of dyes during 

exposure for 30 minutes. It can be seen from Table  2 that 
TABLE 2. Results During Hexabarbi ta l  Anesthesia 

Exposure 30 rain. ] 

exp. control  exp. 

150 
83 
90 
70 
90 

106 
80 

166 
80 
73 
86 

103 
96 

150 
110 
93 

100 
166 
120 

109~7,3 

223 ] 
203 
110 
260 
103 
130 
106 
83 

140 
96 

127 
187 
133 
316 
190 
143 
177 
166 
193 
267 

MK=168• 
~ 1 4 , 2  

Exposure 45 rain. 
Ex 1000 E• 1000 

exp. control  

243 300 
266 287 
226 297 
266 310 
276 370 
233 230 
233 233 
233 243 
2O0 237 
200 233 
223 310 

Me= 236 -~_- 
+ 7 , 6  

exp. 

MK=277_+ 
+_10,6 

M . . . .  59 y 15,9 

Me - • 100-=64,8% 
MK 

M ~ - - 4 1  ! 1 3  

Me • 100-----85,2% 
MK 

hexabarb i ta l  anesthesia lowered the sorptive properties of 
the cel ls  of the cerebra l  cortex by 35.2% compared with the 
controls. 

In the third series of experiments the mice  also re-  
ce ived  hexabarb i ta l  but staining continued for 45 minutes. 
It will  be seen from Table  2 that after staining for 45 min-  
utes the sorption of neutral  red by the cortex fe l l  by on!y 
14.8% compared  with the controls. 

The question accordingly  arose: why, when staining 

continued longer, did the difference between the figures ob-  
tained for the exper imen ta l  and control  animals diminish? 
We assumed that  this decrease was associated with the re-  
duction of the polar izat ion potent ia l  of the cortex at the 
t ime when the an imal  came  round from hexabarb i t a l  an-  
esthesia.  Comparison of the results of the second and third 
series of experiments  with the general  polar izat ion curve of 
the cor tex constructed from the exper imenta l  da ta  of O. P. 
Minut-Sorokhtina and co-workers [10] confirmed our hypo-  

thesis. In Fig. I we show the changes in the brain potentials  

(in my) in relat ion to the in i t ia l  leve l  of polar izat ion,  taken 
as zero. This curve shows that at  the 17th minute o f h e x a -  
barbi ta l  anesthesia the hyperpolar iza t ion  of the cortex reaches 

its max imum,  and stays at this leve l  until the 28th minute,  
after which the polar iza t ion  Ievel  begins to fall .  The sorp- 
tion of the cor t ica l  cel ls  during exposure for 30 minutes is 
35.2% less than that of the controls. In later  stages the po-  

mV "I 
+3 

+2 

§ 

Initial 0 5 /0 /5 20 25 Yo 35 4B 4,5 

data  T ime  (in rain) 

Fig. 1. General  polar iza t ion  curve of the cerebra l  cor tex of albino mice ,  re f lec t -  
ing the influence of an anesthet ic  dose of hexabarb i t a l  (after  the exper imenta l  f ind-  
ings of O. P. Minut-Sorokhtina and co-workers [10]). The broken lines indicate  the 
polar iza t ion  level  30 and 45 minutes after subcutaneous inject ion of hexabarb i ta l .  

433 



larization continues to fall, and during waking it begins to approximate to its initial level. Concurrently, the dif- 
ference between the sorption of dye by the brain tissue of the control and experimental mice falls to 14.8%. 

The data obtained by E. F. Ivanenko and V. F. Dunaeva [4], who investigated sorption after extraction of the 
brain from the skull, cannot be used to characterize the differences between ether and hexabarbital anesthesia, for 
in these experiments the cerebral cortex was in a state of depolarization, due to postmortem asphyxia, throughout 
the period of staining. 

Our experimental results, obtained by a different method, confirm the results obtained in G. N. Somkhtin's 
laboratory regarding the character of the polarization changes in the cerebral cortex during ether and hexabarbital 
anesthesia. Ether anesthesia causes the general cortical potential to shift towards depolarization, which fs accom- 
panied by a considerable increase in the sorption of dye by the brain tissue. During hexabarbitat anesthesia hyper- 
polarization of the cerebral cortex develops, with a decrease in the sorptive properties of the brain tissue. Atten- 
tion is drawn to the parallel between the degree of increase of polarization and the level of sorption. With a de- 
crease in polarization, sorption is diminished. 

The comparison of the results of our experimental study of the sorptive properties of brain tissue with the re- 
sults of electrophysiological investigations, undertaken on the same test object, shows that these two methods are 
complementary and can be used to determine the character of the fundamental functional changes in excitable 
systems during exposure to various influences. 

In this respect it is interesting to note the agreement between G. S. Kovalskii's results [5], showing that hyper- 
polarization of skeletal muscle develops after denervation, and A. V. Zhirmunskii's results [3] demonstrating a de- 
crease in the sorptive properties of muscle tissue after denervation. 

SUMMARY 
Intravital staining of the brain tissue indicated that ether anesthesia increased the sorptive properties of the  

cerebral cortex (hemispheres) in albino mice by 50%, whereas hexenal anesthesia reduced the sorptive properties of 
the cortical cells by 35.270 as compared to the control. As shown by electrophysiotogical investigations in G, N. 
Sorokhtin's Iaboratory, ether anesthesia causes depolarization, whereas hexenal anesthesia leads to hyperpolariza- 
tion of the cerebral cortex (hemispheres) in albino mice. Thus, changes in the sorptive properties of the cortical 
cells coincide with the changes in their polarization level. 
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