The Effects of Anesthetics on Reticular
and Cortical Activity
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The effects of thialbarbital, diethyl ether, and
propanidid on the midbrain reticular formation
and the cercbral cortex were studied in the cat.
Thialbarbital caused marked depression of the ac-
tivity of the reticular formation and only slight
depression of cortical activity. Inhalation of
cther caused early depression of synaptic input to
the reticular formation without significantly in-
fluencing the functional state of the reticular for-
mation itself. In the cortex ether caused early
and marked depression. Propanidid caused less
inhibition of the reticular formation than did thial-
barbital. The significance of the enhancement of

cortical r in the hanism of the pro-
duction of 1 hesia by idid is not

vet clear. The data suggest that there is no uni-
versal ism of general hesia which can
explain the effects of different general anesthetics
on various structures of the central nervous sys-
tem. (Key words: Diethyl ether; Barbiturates;
Propanidid; Reticular formation; Cerebral cortex.)

THE CLASSIFICATION of general anesthetics ac-
cording to their effects on cortical and brain-
stem structures?® was forgotten after the role
of the brain-stem reticular formation (RF) in
maintaining the state of wakefulness was dem-
onstrated.  Since the reports by Moruzz and
Magoun ? and French et al.,? it has been firmly
established that general anesthesia is the re-
sult of the abolition of the corticifugal influ-
ence of the RF, a structure believed to be
most sensitive to the action of general anes-
thetics. Other recent investigations, however,
have questioned this theory. It has been
shown that during the first stage of ether an-
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esthesia the EEG desynchronization is the re-
sult of RF excitation.* Schlag and Brand s
found persistent spontaneous activity of single
reticular neurons when the evoked potentials
were absent during sensory stimulation. More-
over, considerable differences among the clini-
cal and EEG pictures during general anesthe-
sia caused by different anesthetics make it
doubtful that these various changes are of the
same origin or that they are always related to
RF blockade. To test possible differences in
the effects of various general anesthetics on
different parts of the brain, the actions of di-
ethyl ether, thialbarbital, and propanidid on
the midbrain RF and the cerebral cortex have
been studied and are the subject of this paper.

We estimated the functional state of the cor-
tex by determining callosal potentials (CP’s),
that is, potentials evoked in the cortex in re-
sponse to electrical stimulation of a symmetrical
point on the contralateral hemisphere. Chang ¢
showed that CP’s represent a response to elec-
trical stimulation moving through the corpus
callosum without involving the subcortical
structures. Therefore, CP’s were chosen as a
test to estimate the functional state of cortical
neurons and the degree of their inhibition
caused by a given general anesthetic. The
condition of the RF was estimated by two
indices. Any sensory stimulation may produce
an evoked potential in the RF.? Because of
this, the system is called nonspecific. These
evoked potentials have been shown to be very
sensitive to general anesthetics.* It is also
known that synaptic transmission of input sig-
nals to the RF is accomplished by a mediator
different from that in the RF itself.3 There-
fore, besides recording evoked potentials in the
RF (which reflect the activity of the input into
this structure), we also recorded the reaction
of EEG desynchronization resulting from elec-
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trical stimulation of the RF. This test made it
possible to estimate the excitability of the RF
per se.®

Methods

Thirty-five adult cats were used in these ex-
periments. The trachea and the femoral vein
of each cat were cannulated with the cat un-
der ether anesthesia. After injection of tubo-
curarine chloride, ventilation was assisted me-
chanically. The animal’s head was fixed in a

Fic. 1. Effect of intra-
venous _thialbarbital on
the EEG during electri-
cal stimulation of the
reticular formation {Cat
43). Arrows = onset and
end of stimulation. Cali-
bration 200 gpv; time
mark, 1 sec. 1) EEG of
conscious cat, stimulation,
2 v; 2) EEG of conscious
cat, stimulation, 3 v; 3)
after injection of thial-
barbital (10 mg/kg),
stimulation, 2 v; 4) stimu-
lation, 3 v; 5) stimula-
tion, 4 v; 6) after injec-
tion of thialbarbital (13
mg/kg), stimulation, 2
v; 7) stimulation, 3 v;
8) stimulation, 4 v.

\
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stereotaxic instrument. Pressure points and
wound margins were infiltrated with 0.5 per
cent lidocaine (Xylocaine). The cerebral cor-
tex was widely exposed and the dura folded
back. Exposed pial surface was covered with
warm mineral oil. A double electrode, 0.5 mm
in diameter, was inserted into the RF (coordi-
nates A +2; L 3.5; H —L5).2°

The electrode in the RF could be connected
by a switch to either the output of a stimu-
lator (for RF stimulation) or the imput of
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Fic. 2. Effect of ether
on the EEG during elec-
trical stimulation of the
reticular formation (con-
tinuation of fig. 1). 1)
EEG four hours after-
wards, stimulation, 2 v;
2) stimulation, 3 v; 3)
inhalation of 8 per cent
ether, stimulation, 2 v;
4) stimulation, 3 v; 5
stimulation, 4 v; 8) EE
30 minutes after the end
of inhalation, stimulation
2 v. Other indices are
the same as in fig. 1.
Amplification is slightly
increased.
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an electroencephalograph (for recording RF
evoked potentials resulting from electrical
stimulation of a paw). To elicit CP’s, a bi-
polar stimulating electrode with an interpolar
distance of 1 mm was placed on the surface of
the suprasylvian gyrus. The recording elec-
trode was placed on a symmetrical point on
the contralateral hemisphere. The spontaneous
EEG and the EEG during RF stimulation were
recorded by the same electrode. An indiffer-
ent electrode was placed in the temporal mus-
cle. The eight-channel electroencephalograph
(Galileo R-32) was used for EEG recording.
Evoked and callosal potentials were photo-
graphed from the screen of a two-beam oscillo-
scope, Cl-18. A two-channel universal elec-
tronic stimulator, ESU-I, with radiofrequency
outputs was used for stimulation.

The duration of rectangular impulses for the
paw stimulation (through needle electrodes)

and for RF stimulation was 0.5 msec; each
impulse for cortical stimulation lasted 0.2
msec.

Ether was given through a vaporizer, “Kras-
nogvardeez,” connected to the inlet of pump
respirator.  Concentrations delivered were
gradually increased from 2 per cent to 15-20
per cent, approaching the beginning of stage
IV of general anesthesia. Stages were deter-
mined according to the EEG, on the basis of
the method of Faulconer,** who has demon-
strated a close correlation of concentrations of
ether in arterial blood with changes in the
EEG. Thialbarbital, 1 per cent, and pro-
panidid, 2.5 per cent, were injected intrave-
nously. After the initial injection of thialbar-
bital (3-5 mg/kg) similar doses were injected
at 5-8-minute intervals. After each injection
all measurements were made while general an-
esthesia progressed from stage I to stage IIL
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The same procedure was used with propani-
did, but for obtaining deeper stages of general
anesthesia the doses were gradually increased.
With both agents measurements were made
immediately after injection. EEG was re-
corded continuously. Usually, a single cat was
used to test two or three anesthetics. Inter-

Fic. 3. Effect of intra-
venous smpamdxd on the
EEG during  electrical
stimulation of the re-

ticular formation (Cat
40). 1) EEG of con-
scious cat, stimulation, 2
v; 2) EEG of conscious
mt, stimulation, 3 v; 3)
after injection of pro-

anidid (7 mg/kg), stimu-
ation, 2 v; 4) stimula-
tion, 3 v; a) stimulation,
4 v; 6) after injection of
propamdxd (10 mg/kg),
stimulation, 3 v; 7) stimu-
lation, 4 v; 8) EEG 30
minutes after the last in-
jection of propamdld,
stimulation, 2 v. Other
indices are the same as
in fig. 1.

vals of two to three hours after propanidid or
ether and not less than four to five hours after
thialbarbital elapsed before administration of
the next anesthetic. The lengths of the inter-
vals were determined as follows: after com-
plete recovery of all reactions tested, an hour
(for propanidid) or two hours (for ether and
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F1c. 4. Effect of intra-
venous smpnmdxd on the
EEG during electrical
stimulation of the re-
ticular formation (Cat
11). 1) EEG of con-
scious cat, stimulation, 2
v; 2) EEG of conscious

cat, stimulation, 3 v; 3) - ’u[[

snmuhtmn 2 v; 4) stimu- i

lation, 3 v; a) stimula- [

tion, 4 v; 6) EEG 30 ‘

mintites after injection of

propanidid, stimulation, 2 1

v. Other indices are the

same as in fig. 1. A 1
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thialbarbital) elapsed before administration of
the next agent. The orders of administration
of the agents were varied. Rectal temperature
was maintained at 37-38 C during the experi-
ment by means of a heater and an infrared
radiator.

Results

The EEG of the conscious curarized nor-
mally-ventilated cat showed a persistent beta-
rhythm with single delta and theta waves.
EEG desynchronization was caused by high-
frequency (150-250 Hz) RF stimulation.
EEG desynchronization became more pro-
nounced as the voltages of impulses increased
(figs. 14, curves 1-2). The threshold of de-
synchronization was usually about 2 v. Thial-
barbital in doses of 10-15 mg/kg caused ap-
pearance on the EEG of high-amplitude alpha-
like waves with a frequency of 8-12 Hz (the
so-called “barbiturate spindles”), correspond-

ing to stage I3 of general anesthesia according
to the classification of Guedel *? and Artusio,’?
or stage II according to the classification of
Schneider et al.** (fig. 1).

Electrical stimulation of the RF did not in-
duce EEG desynchronization at this stage of
general anesthesia, but sometimes a slight ac-
celeration of cortical waves was seen during
stimulation (fig. 1, curves 3-3). Doses of 20~
25 mg/kg of thialbarbital caused appearance
on the EEG of high-amplitude (more than
500 pv) delta and theta waves, corresponding
to stages IIL,-III, 213 or stage IIL*¢ of gen-
eral anesthesia. Electrical stimulation of the
RF at this stage had no effect on the EEG
even after significant increases in stimulation
voltage (fig. 1, curves 6-8).

The potentials in the RF evoked by stimula-
tion of the paws of conscious cats were posi-
tive—negative or negative only, and their am-
plitudes rose slightly as stimulation voltages
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increased. The negative waves lasted 15-30
msec and the latencies lasted 12-20 msec.
The thresholds of the evoked potentials were
usually 3-15 v. In stage I of barbiturate an-

Fic. 5. Effects of intravenous
thialbarbital and  propanidid
upon callosal potentials and RF
evoked potentials. Callosal (I)
and RF (II) evoked potentials
after injection of thialbarbital.
The same (III and IV) after
injection of propanidid. Verti-

columns: A, conscious cat;
B, stage I: of general anesthe-
sia; C, stages UL-IIL, of gen-
eral anesthesia; D, recovery
from anesthesia. _Stimulation
voltages on the left. Calibra-
tion 200 pv; time mark, 10
msec positivity downward.

esthesia (as estimated from the EEG) the am-
plitudes of evoked potentials decreased, but
they persisted at all simulation voltages. In
stage III; RF evoked potentials decreased sig-
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Fic. 6. Effect of ether on
callosal (upper rows) and RF
(lower rows) evoked poten-
tials. Indices are the same as

in fig. 5.

nificantly, but small-amplitude potentials per-
sisted. The durations of the evoked potentials
increased significantly (fig. 5, 1I).

CP’s of the conscious cats consisted of posi-
tive-negative oscillations with latencies of 24
msec. At 2-3 threshold stimulation the posi-
tive wave was about 200-300 pv and the nega-
tive wave, about 600-800 uv. In stage I of
barbiturate anesthesia there was no significant
change in CP amplitude or duration. The
spread of individual CP's increased, which
may have been related to a summation of the
CP’s and high-amplitude potentials appearing
in the EEG in this period. In stages IIT,~IITy
of barbiturate anesthesia CP amplitude did not
increase significantly. However, the range of
individual CP’s did increase (fig. 5, I).

Inhalation of ether, which causes well-
known EEG changes,-1% did not influence
the EEG desynchronization threshold during
RF electrical stimulation until stage III of an-
esthesia (classifications of Guedel,** Artusio,'*
and Schneider and Thomalske 13). Even dur-
ing the appearance of the theta waves with a
frequency of 1-2 Hz corresponding to stage
III; of general anesthesia, electrical stimula-
tion of the RF caused marked EEG desyn-

ANESTHETICS AND RETICULAR FORMATION AND CORTEX 225

chronization (fig. 2). Evoked potentials in the
RF disappeared at the very beginning of in-
halation of ether, in stage I, of anesthesia.
Sometimes it was possible to elicit evoked po-
tentials in the RF at 2-4 threshold stimula-
tion, but the amplitude decreased significantly.
In stages I, -III; of ether anesthesia the
evoked potentials in the RF were completely
blocked (fig. 6, lower rows), whereas the
marked spontaneous activity of this structure
persisted. The amplitudes of CP’s decreased
considerably in stage I; of ether anesthesia,
especially during weak stimulation. In stages
I;1%15-11,' CP responses to stimulation at
threshold or twice threshold value disappeared
in most experiments. A strong stimulation
(four times threshold or more) caused a slight
response (fig. 6, upper rows).

Propanidid in doses of 7-10 mg/kg caused
appearance of high-amplitude EEG waves (up
to 1 mv) of 8-10-Hz frequency (fig. 3). In
this stage of general anesthesia electrical stimu-
lation of the RF did not influence EEG ampli-
tude, but with stronger stimulation the fre-
quency of cortical potentials was also higher
(fig. 3, curves 3-5). Propanidid in doses of
10-15 mg/kg caused appearance in the EEG
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TasLe 1. Effects of Drugs on the Responsitivity of the Cercbrul Cortex
(Amplitude of Evoked Potentials in RF), and Excitability of the

Desynchronization) Compared with

Ether
Stage 11 Thresholds Stage 111 Thresholds

1 2 3 1 2 3
Cortical responsitivity (oumerator, positive wave; 83 | 791 | SIS £ | 280 | 288 = | 410 %
denominatar, negative wave) 9.9 104 136 6.9 136 1857
394 % | 6162 | 6s0x | 409 | 3624 | 531 %
9.9 76 o is0 127 101
RF input 15 | 193x | 2Tx ]| 24| 47| T
I 37 63 19 36 34

Threshold of RF excitability 100 100

* Values given are percantage changes, mean % SD.

of high-amplitude theta and delta waves. RF
electrical stimulation did not usually cause
EEG desynchronization (fig. 3, curves 6-7).
Sometimes, at the termination of propanidid
action, during the period of theta waves, RF
stimulation enhanced the frequency of the
cortical electrical potentials (fig. 4, curves
4-5). Propanidid in doses of 7-10 mg/kg
slightly decreased the amplitude of evoked po-
tentials in the RF; the spread of amplitudes in
single potentials increased (fig. 5, IV). At the
deepening of general anesthesia (appearance
of theta and delta waves on the EEG), the
amplitudes of evoked potentials in the RF de-
creased considerably, especially with weak
stimulation; the negative waves decreased
more than the positive waves. Owing to the
appearance of high-amplitude spontaneous ac-
tivity in the RF, the spread of individual po-
tentials increased in comparison with stage Iy
(fig. 5, IV). CP's increased skightly during the
appearance in the EEG of waves with a fre-
quency of 7-10 Hz, although at threshold
stimulation this augmentation did not occur
(fig. 5, I1I); the duration of the potentials did
not change. The actions of two or all three of
the anesthetics investigated were studied in
every experiment, using different sequences
and different combinations. No effect of the
first-used agent on the effects of the second
or third was ever found. All data are summa-
rized in table 1.

Discussion

The data obtained show the existence of
considerable differences in the actions of the

general anesthetics investigated. The effect of
thialbarbital corresponded to the classical pic-
ture describing general anesthesia as a result
of RF blockade. Depression of the EEG de-
synchronization reaction and of the evoked po-
tentials in the RF in stages I;-1II; reflected
the progressive inhibition of this structure by
thialbarbital. The cortical excitability, which
changed but little in these stages, showed that
the direct effect of the thialbarbital on the
cortex probably did not play an essential role
in the development of general anesthesia, since
the ability of cortical neurons to respond to di-
rect stimulation showed no marked changes.
Quite different effects were produced by ether
anesthesia. The disappearance of the evoked
potentials in the RF in stages I—I; of ether
anesthesia, described many times and con-
firmed by us, has always been interpreted as
a proof of RF depression. However, the ab-
sence of threshold changes in EEG desyn-
chronization during RF electrical stimulation
does not confirm this interpretation. The dis-
parity of these two indices of the condition of
the RF during ether anesthesia may be ex-
plained by the fact that ether acts on the in-
put to sensory pathways in the RF but not in
the functional condition and the excitability of
RF neurons themselves. Bradley,® and Gilin-
sky and Ilyuchenok ¢ described the same cor-
relation during the action of chlorpromazine,
which blocks the synaptic structures of the in-
put to the RF without influencing the activity
of the activating system itself. The essential
distinctions between these two phenomena
are: the input blockade in the RF, as has been
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{Amplitude of Callosal Potentials), Inputs of Reticular Formation
Reticular Formation (Threshold of Appearance of EEG

Values in Conscious Animals*

Thialbarbital Propanidid
Stage 11 Thresholds Stage 11 Thresholds Stage II Thresholds Stage 11T Thresholds

1 2 3 1 2
9431 = | 130.5 = | 105.8 == | 108.9 X | 131.5 & | 106.2 ==
129 121 8.9 122 174 13.1
145.8 = [ 1215 | 99.0 = [ 1287 £ 103.0 £ | 932 =
214 w2 74 15.2 153 2.1
58.7 = 63.0 | 696 x| 41.6 2| 336 =] 39.7 =
119 2.6 85 10.0 14.6 10.3

185.0 2 42.4 >300 270.0 £49.6 >300

shown with chlorpromazine, does not influence
the state of wakefulness, does not induce loss
of consciousness and, therefore, cannot be re-
garded as causing general anesthesia. These
data may be interpreted to mean that the an-
esthetic action of ether is not the result of
blockade of ascending arousal influences of
the RF either. On the contrary, ether has an
early depressant action on the cortex. Reduc-
tion of CP amplitudes, observed from the very
beginning of the inhalation of ether in stages
I,-1I1; of anesthesia, reflects the progressive
depression of the activity of the cortical neu-
rons and their ability to react to stimulation.
The suggestion that the cortex is depressed
during ether anesthesia has been confirmed by
investigations of cortical unit activity. Schlag
and Brand,$ using microelectrodes, showed to-
tal depression of cortical neuronal spontaneous
activity at the very beginning of ether anes-
thesia. Golovchinsky 17 described depression
of the cortical neuronal spontaneous activity
which paralleled the level of anesthesia during
thialbarbital anesthesia, whereas inhalation of
ether entirely blocked the impulse activity of
the same neurons in stage I;. On the basis of
this information, we suggest that the primary
site of action of ether is the cerebral cortex,
and that it is blockade of this structure, but
not of the RF, that causes general anesthesia.
In contrast to ether and thialbarbital, pro-
panidid caused pronounced facilitation of cor-
tical reactions by increasing CP amplitudes.
The nature of this facilitation is not yet clear.
On the contrary, the EEG desynchronization
during the RF electrical stimulation disap-

peared as early as stage III, of propanidid an-
esthesia, although this depression was less pro-
found than that seen at the same stage of
thialbarbital anesthesia. Thus, RF electrical
stimulation in stage III, and even in stage Il
of propanidid anesthesia sometimes led to
EEG changes typical of more superficial levels
of general anesthesia. In some cases primary
electrical stimulation of the RF did not induce
EEG desynchronization but it did cause ap-
pearance of a more frequent rhythm in the
EEG. Subsequent stimulation applied upon
this activated background induced EEG de-
synchronization. The depression of the evoked
potentials in the RF during propanidid anes-
thesia was less pronounced than that produced
by ether or thialbarbital anesthesia. Thus, the
three general anesthetics investigated exerted
different effects on the RF and cerebral cortex.
This rather unexpected result gives us every
reason to believe that the theory proposed by
French et al.® that general anesthesia is the
result of RF blockade should be reconsidered
or, at least, limited to certain situations.

The effects of ether on the RF and the cere-
bral cortex, as described in this paper, have
led us to conclude that ether anesthesia is not
associated with RF depression; moreover, the
EEG desynchronization (and behavioral ex-
citation accompanying it in the absence of
nerve-muscle blockade) in stage I, reflects RF
excitation.*  Although propanidid influences
the RF directly, the depression caused by this
agent is not very profound. Only barbiturate
anesthesia fits the classical scheme proposed by
French et al.?

~t
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One of the suppositions upon which the
“reticular theory” of general anesthesia is
based is the hypothesis of greater sensitivity to
the action of general anesthetics of polysyn-
aptic structures with large numbers of syn-
aptic relays, compared with oligosynaptie struc-
tures. Since the RF is a classical example of
a structure with a large number of synaptic
relays, its great sensitivity to the action of gen-
eral anesthetics, postulated by French et al,®
was thus explained. The data presented in
this paper argue against this hypothesis. The
preservation of the activity of polysynaptic
structures during ether anesthesia coexistent
with blockade of oligosynaptic pathways lead-
ing to the RF and monosynaptic pathways
transmitting CP’s testifies to the fact that re-
sponsiveness does not depend on the length of
neuronal chains or the complexity of the syn-
aptic organization; instead, the depression de-
pends on the specific interaction of the given
general anesthetic and the chemical structure
of the given synapses. Valdman18 was the
first to make this suggestion, and there are
confirmatory experimental data. Thus, in some
microelectrode studies it has been shown that
barbiturates exert a depressant effect on the
cholinergic synapses while ether does not.1?.*°

These data indicate that the main role of
the general anesthetics in the development of
inhibition is based not on the complexity of
the structure but on specific interactions of
molecules of the general anesthetics with
chemically heterogeneous synapses in the cen-
tral nervous system.

These data permit a more adequate evalua-
tion of the EEG. In some experiments with
propanidid the electrical stimulation of the RF
during the onset of stage 11T, of anesthesia did
not induce EEG desynchronization. During
recovery from anesthesia at the same stage (by
EEG estimation), electrical stimulation of the
RF caused EEG desynchronization (fig. 4).
Thus, identical EEG patterns with the same
general anesthetic may correspond to different
states of the RF or central nervous system de-
pression, depending upon whether the EEG
is recorded during onset of general anesthesia
or during recovery. Care must be exercised in
evaluating the data obtained with the EEG
even with a single general anesthetic.

On the basis of earlier data and those ob-

Anesthesiology

March 1971
tained in this study, it is possible to draw im-
portant conclusions concerning the genesis of
the EEG. The depression of discharges of the
cerebral neurons during persistence of the
EEG suggests that the mechanism of the gen-
eration of the cell discharge differs essentially
from the mechanism of the generation of post-
synaptic potentials; the latter can persist even
during complete depression of impulse activ-
ity. As is commonly believed, the recorded
EEG oscillations are the sum of the postsyn-
aptic potentials *1. 2%; persistence of the EEG
during the depression of cerebral unit dis-
charges justifies this approach, arguing against
the EEG as a summation of cerebral cell dis-
charges. Since postsynaptic potentials reflect
the afferent activity reaching the cortex, the
recorded EEG activity reflects mainly the ac-
tivity of subcortical structures but not that of
the cortex itself.23-2> This is most obvious dur-
ing inhalation of ether, when all the cycles of
the EEG, corresponding to the anesthetic
stages, occur against a background of deep de-
pression of impulse activity of cortical neurons.

We conclude that there is no uniform
mechanism of the development of general an-
esthesia which can explain the effects of dif-
ferent general anesthetics on the central ner-
vous system. The fading of the RF evoked
potentials during ether anesthesia does not
prove the depression of this structure, but re-
flects the depression of synaptic input to the
RF without any significant influence on the
functional state of reticular neurons. The de-
crease in amplitude of the CP’s suggests that
ether causes primary blockade of the cerebral
cortex but not of the RF. Barbiturate anes-
thesia markedly depresses the RF but de-
presses the cortex only slightly. The RF de-
pression may be regarded as the cause of
barbiturate-induced general anesthesia. Pro-
panidid anesthesia is not accompanied by cor-
tical depression, and causes less pronounced
depression of the RF than that produced by
thialbarbital. Therefore, these peculiarities of
propanidid are not likely to be regarded as the
cause of general anesthesia.
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Drugs

PROPRANOLOL Propranolol in very small doses (average: 1 mg/81 kg body
weight) was used successfully to treat intra- and postoperative tachyarrhythmias in
20 patients. This dose does not reduce the pulse rates of normal subjects even fol-
lowing administration of atropine. Increased sympathetic tone which was partially
blocked by the drug was probably present in these patients. No adverse effects on

blood pressure or other vital functions were observed.

(List, W. F., and Marsoner,

H. J.: On the Dosage of the Beta-receplior Blocker Propranolol in the Intra- and
Postoperative Treatment of Tachyarrhythmias, Der Anaesthetist 18: 394 (Dec.)

1969.)
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