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The Effects of Several Anesthetic Agents on the
Neuronal Reactive Properties of Thalamic
Relay Nuclei in the Cat

Kenjiro Mori, M.D.,* Miwako Kawamata, M.D.,f
- Setsuko Miyajima, M.D.,t Masao Fujita, M.D.§

The cfects of several anesthetics on the re-
sponsivencss of thalamic relay nuclei, the nucleus
centrum medianum (CM) and the nucleus ven-
tralis posterolateralis (VPL), were studied in gal-
lamine-immobilized cats with electrodes chroni-
cally implanted in their brains. Spontaneous ac-
tivity and activity evoked by stimulation of the
skin were monitored by recording multiple-unit
activity (MUA). Halothane decreased MUA, cy-
loprop h d it, and k ine produced a
hange in the t firing . Nitrous
oxide and ether produced ne it 1
All agents produced depression of evoked activity.
The depression was more profound in the CM
than in the VPL. The anatomic basis for this
difference is discussed. (Key words: Neuronal
responsiveness; Thalamic relay nuclei; Multiple-
unit activity; Nitrous oxide; Diethyl ether; Cyclo-
propanc; Ketamine.)

Tue cHiEF anv of an anesthetic agent, protec-
tion of the patient from distressing and dan-
gerous effects of necessary surgical procedures,
entails sensory block for analgesia and mental
quiet for unconsciousness.?

The reactive properties of the brain depend
not only upon the effectiveness of transmission
of neuronal signals but also upon the condition
of spontaneous firing of the neurons existing
prior to and during stimulation.? Thus, the
degree of sensory block and the level of vigi-
lance may not be entirely independent.
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Utilizing the technique of monitoring the
activity of a large population of neuronal units,
we demonstrated in previous studies3-7 that
different anesthetics induced unconsciousness
by variously modifying the neuronal firing pat-
tern of the brain-stem reticular core, i.c., pen-
tobarbital and halothane depressed spontane-
ous firing, cyclopropane enhanced it, and keta-
mine changed the pattern.

In the present report, the relationship be-
tween the level of spontaneous firing and the
reactivity of neurons to peripheral stimulation
in the thalamic relay nuclei during various
stages of anesthesia is described. Some of the
results have been presented as a preliminary
note.®

Methods
PREPARATIONS

Three adult cats with electrodes chronically
implanted in their brains and two acutely pre-
pared cats were used. The structures from
which electrical activity patterns were re-
corded were: anterfor suprasylvian gyrus, nu-
cleus ventralis posterolateralis (VPL) and nu-
cleus centrum medianum (CM). Cortical elec-
trodes consisted of stainless steel screws drilled
to reach the dura. The subeortical electrodes
consisted of stainless steel wires 0.2 mm in di-
ameter insulated with epoxylite—resin except at
the tip of the cut end. From these wire elec-
trodes EEG and multiple-unit activity (MUA)
were obtained simultaneously. The placement
of the electrode for obtaining VPL activity was
guided while recording MUA. The VPL elec-
trode was anchored where the greatest MUA
response was elicited by touching the pad on
the side contralateral to the side on which re-
cording was being done. \When MUA was re-
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Fic. 1. Schematic rep-
resentation. of measure-
ment of the basal level
and fluctuation of spon-
tancous MUA and the
size of evoked MUA from
the amplitude-demodu-
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corded monopolarly with the reference in the
frontal sinus bone, a marked response was ob-
tained by touching the skin gently even after
ip administration of 40 mg/kg pentobarbital.
The placement of the CM electrode was ac-
complished following the stereotaxic atlas of
Jasper and Ajmon-Marsan.? Both electrode po-
sitions were verified histologically after the ex-
periments.

ReconrpING

Our techniques for recording MUA have
been described.*-¢ MUA was obtained through
a high-frequency band-pass filter, the peak fre-
quency response of which was centered at
1,300 Hz, with 3-db decreases at 600 and
2,500 Hz. This signal was amplified and aver-
aged with a rectifying circuit with the smooth-
ing-time constant set at 50 msec. The inte-
grated signal was recorded on the DC channel
of a polygraph simultaneously with the EEG
from the same electrode. The system noise
level was estimated to be the DC level ob-
tained by inserting a 15-kQ resistor and a
short across the input in place of the cat.

The basal level of spontaneous activity was

ed as the dist from the base of the
MUA tracing to the 15-kQ resistor line, and
the value obtained during the preanesthetic
control period was set as 100 per cent basal
level activity. The fluctuation of spontaneous
firing was measured as the width of the ex-
cursion from the baseline to the peak when no

stimulation was given, and this value was ex-
pressed as per cent of the control basal level.
The evoked activity was measured as the dis-
tance between the basal level during the 2
seconds prior to stimulation and the peak of
elevation induced by stimulation (fig. 1). The
mean of ten trials during the unanesthetized
control state was arbitrarily set as 100 per cent
reactivity, and activity levels during anesthe-
sia were expressed as per cent of control.

STimMuLATION

Stimulation was applied to the skin of the
contralateral paw pad. Two subdermal needles,
10 mm apart, were inserted about 3 mm in
depth. The train of square-wave pulses was
applied for 2 seconds through an isolating
unit: 0.5 msec duration and 100 pulses/sec.
The intensity of the stimulation voltage was
adjusted to about 30 per cent above the
threshold voltage to induce the maximum re-
sponse in the MUA of the CM. About 10
cm proximal to the stimulation site the total
circumference of the extremity was covered
with a saline-dipped cotton sponge, which was
grounded. During the control period, suc-
ceeding stimulations were separated by inter-
vals of at least 3 minutes, during which times
the EEG patterns and the levels of MUA
retumed to prestimulation values. Since the
changes induced by stimulation disappeared
carlier during anesthesia, shorter intervals of 1
to 2 minutes were enough during anesthesia.
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Fic. 2. Records obtained from a single cat in dx!l'ercnt experimental sessions.
contro] record before a halothane experiment. The studies of nitrous oxide and cy:
were done in one ('xp(.nmcntnl session and those of ether and
of MUA in the
(CM) during the various periods of anesthesia.
G\, B—\’PL, B&C\l EEG records from the anterior su rasylvian

shows only the gr of d
(VPL) and the nucleus centrum medi

centrum

—_—

c]pper left,
opropane

ketamine in anothcr 'I'Ins ﬁgure

nucleus ventralis, pos-

demodulated tracings of multiple-unit activity from t]le VPL and
records made during anesthesia correspond to the times indi-

stimulation for 2 seconds. Al
cated by arrows in figures 3 to 7.

ADMINISTRATION OF DRUGS
AND EXPERIMENT

The drugs examined in chronic preparations
were: halothane, 0.5, 1.0, and 2.0 per cent;
nitrous oxide, 80 per cent; ether, 5 and 10 per
cent; cyclopropane, 10, 30, and 50 per cent,
ketamine, 2 + 2 mg/kg iv. Any one or two of
these agents were examined in a single experi-

gyrus,
VPL-MUA, CM-MUA: amplxtude-

ively.
the CM. L—1: period of

mental session lasting more than 2 hours. The
intervals between experiments were longer than
seven days. Because of the possibility of daily
biological variation and inconsistency of the
positions of stimulation electrodes, the control
values of evoked responses varied to some ex-
tent from one experiment to the next. Thus,
the results for the one cat from which the
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most consistent control values were obtained
throughout the study are presented.

Since the present study was attempted only
to elucidate the relationship between spon-
taneous activity and the reactive property of
neurons, we did not attempt to determine
dose—effect relationships. Thus, the concentra-
tions of anesthetics were increased gradually
until moderate effects in the reactivity of neu-
rons in response to stimulation were observed.
In preparation for administration of an anes-
thetic agent, each cat was ancsthetized by
halothane initinlly, a tracheal tube was in-
serted, gallamine, 20 mg/hour, was adminis-
tered iv, and respirations were set at 13 ml/kg
tidal volume with a rate of 30/min. After
endotracheal intubation, halothane inhalation
was discontinued. Two hours later the ex-
periment was started. Inhalation agents were
administered by the nonrebreathing method.

Two acutely-prepared cats were subjected
to a study of the effects of halothane-induced
hypotension on spontaneous and evoked MUA.
These animals were given 2 per cent halo-
thane only.

Experiments on the acute and chronic
preparations differed in that in the acute
preparations the clectrodes were fresh, and
about 5 ml of 2 per cent lidocaine were in-
filtrated into the wound margin and at the
pressure point of the stereotaxic apparatus.
After 60 min of administration of 2 per cent
a steady state was reached and 0.001 per cent
norepinephrine in physiologic saline solution
was infused iv for 10 min to restore the con-
trol level of arterial pressure and permit ex-
amination of changes in spontaneous and
evoked MUA before and during norepineph-
rine infusion.

During the courses of acute and chronic ex-
periments rectal temperatures were maintained
between 36 and 38 C by covering the cats’
bodies with a mattress containing hot water.

Results
SPONTANEOUS ACTIVITY

Changes of MUA in the CM and the VPL
were almost parallel following all agents
studied, although the degrees of changes in
the two nuclei differed. When MUA in the
CM increased during administration of a given
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agent, MUA in the VPL also increased, and
vice versa. The changes were greater in the
CM than in the VPL (fig. 2).

During administration of halothane the basal
level of spontaneous MUA decreased to about
25 per cent of control, while fluctuation did
not change markedly (fig. 3).

During administration of nitrous oxide (fig.
4), ether (fig. 5), and 10 per cent cyclopro-
pane (fig. 6), the directions of changes of
basal level and fluctuation in both nuclei were
variable, not only from animal to animal but
also during administration of constant concen-
trations; e.g., during administration of nitrous
oxide the basal level increased to 150 per cent
in both the VPL and the CM at 10 to 20 min
and then returned to control, while fluctuation
increased by about 50 per cent (fig. 4).

Administration of 30 per cent cyclopropane
increased the basal level in the CM to 130-
150 per cent of controls, but the basal level
was decreased by 50 per cent cyclopropane
(fig. 6).

Intravenous administration of ketamine (2 +
2 mg/kg) decreased the basal level while it in-
creased fluctuation (fig. 7).

EvokeEp ActivitTy

All agents studied induced depression of
evoked activity in both the CM and the VPL,
although the depression was much more pro-
found in the CM (fig. 2).

The effect of halothane was most variable.
During light anesthesia, transient increases
(10-15 per cent) of cvoked activity occurred
occasionally in both the VPL and the CM,
while moderate depression of the basal levels
of spontaneous MUA was observed. The de-
pression of evoked activity in the VPL was
only 20-30 per cent at a time when moderate
to complete depression in CM responsiveness
occurred (fig. 3).

Administration of 80 per cent nitrous oxide
induced 40-50 per cent depression in the CM
when depression of evoked activity in the
VPL was only about 10 per cent (fig. 4).

Administration of ether induced complete
disappearance of evoked activity in the CM
when that of the VPL was depressed to about
75 per cent. Further deepening of anesthesia
induced further suppression of evoked activity
in the VPL (fig. 5).
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Halothane
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Cq Ko.160

Fic. 3. Spontaneous and evoked
activity in the nucleus ventralis
posterolateralis (VPL) and the nu-

cleus centrum medianum (CM)
during halothane anesthesia. The
bottom of each vertical bar rep-

H“{ i THt 7T resents the basal Jevel and the

length represents the fluctuation
during the 2 sec prior to stimu-

lation. Evoked activity in this
and succeeding figures is shown
by @ ®. At zero time the
mean of ten control trials, taken

as 100 per cent activity, is shown.
The evoked activity in the CM
was variable during inhalation of
0.5-1.0 per cent halothane. How-

the response completely. The de-
ion of in the VPL

, I ever, 2 per cent halothane blocked
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Fic. 4. Effects of nitrous oxide anesthesia.
Symbols are the same as those in figure 3. Dur-
ing nitrous oxide anesthesia, the evoked activity in
the VPL was depressed only slightly (0-15 per
cent) while that in the CM was depressed to
50-60 per cent of the control value.

Fic. 5. Effects of ether anesthesia. Symbols
are the same as those in figure 3. Depression of
the evoked response in the CM occurred at a time
when spontaneous activity did not change essen-
tially. In the early phase of 100 per cent block
of evoked activity in the CM, depression in the
VPL was 25-30 per cent. Higher concentrations
of ether dep the VPL ivel,
more.

P Y

Anesthesiology
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During cyclopropane anesthesia the evoked
activity levels in both the CM and the VPL
were progressively depressed with increasing
anesthetic depth. Complete block of evoked
activity in the CM was noted when the VPL
response was depressed to 65-75 per cent of
control (fig. 6).

Following ketamine, the evoked activity in
the CM was reduced to 30—40 per cent of con-
trol when depression of the VPL response was
only 10-20 per cent (fig. 7).

INTERACTION OF CNS AND CARDIOVASCULAR
EFFects OF HALOTHANE

The acute preparations had systolic arterial
pressures of 160-170 mm Hg, which fell to
70-73 mm Hg in 60 min of administration of
2 per cent halothane. At this time the evoked
responses in the CM and the VPL were 2045
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Cq Nqt52

150,— VPL

ANESTHETIC EFFECTS ON THALAMIC RELAY NUCLEI

w
o
w

Ketamine
Cg Nol54

VPL
150

100

@ ——

50
2]

CM
150

50 A y
o % \‘\/

]

s 246 8,00
2mg/hg 2mg/xg

Time {min.)

Fic. 7. Effects of ketamine anesthesia. Sym-
bols are the same as those in figure 3. Following
ketamine, cﬂ}e tonic pattern of MUA‘ %h:mged to
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Fic. 6. Effects of cyclopropane anesthesia.
Symbols are the same as those in figure 3. Dur-
ing light anesthesia (10 per cent), the basal level
of spontaneous activity was depressed slightly;
during moderate anesthesia {30 per cent), it was
enhanced, and during deep anesthesia (50 per
cent) it decreased again. The evoked activity
was depressed progressively. In the initial phase
of 90-100 per cent depression of evoked response
in the CM, the d ion of VPL was
25-30 per cent.

&r ring, T ing in

although the basal level was depressed progres-
sively. The depression of evoked activity in the
VPL was also less significant than that in the CM.

per cent and 67-78 per cent of control values,
and they remained unchanged even after ele-
vation of arterial pressure to preanesthetic con-
trol levels by iv infusion of norepinephrine.

Discussion

Unfortunately, in the present study moder-
ate respiratory alkalosis must have been pres-
ent, since our previous study3 utilizing rab-
bits indicated that a tidal volume of 13-14
ml/kg with a ventilation rate of 20/min gave
Pago, values in the range of 27.5 to 37.3 mm
Hg. One and a half times that rate with the
same tidal volume was employed in the pres-
ent study. Thus, the present results must have
been contaminated by hypocarbic effects on
the CNS. Although there is no evidence that
hypocarbia affects the CNS effects of various
anesthetic agents in the same directions, some
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definite differences among  diflerent agents
were demonstrated.

The present study revealed that there was
no direct and simple relationship between the
spontancous activity and the reactivity of
thalamic neurons, i.c., the anesthetics induced
either depression (halothane), inconsistent
change (nitrous oxide, ether, and 10 per cent
cyclopropane), enhancement (30 per cent cy-
clopropane), or dysrhythmia (ketamine) of
spontaneous MUA, while reactive capabilities
were reduced or abolished by all agents, espe-
cially in the CM.

In the present study, the CM must be con-
sidered from two points of view. It functions
as the rostral end of the ascending reticular-
activating system,’*-12 although there are some
functional differences from the midbrain re-
ticular formation.’3- 1% It also relays impulses
from the spinothalamic tract?* (or diffuse
tegmental pathway) ¢ and/or the cervicotha-
lamic tract,** which are supposed to transmit
pain sensation. Although the presynaptic com-
ponent of the VPL is highly complex, being
composed of at least six identifiable afferent
components, the major difference between
these two nuclei for the purposes of the pres-
ent study is that, as the afferent input from
peripheral sensory organs, the VPL has both
lemniscal and spinothalamic input, while the
CM has only spinothalamic input.’® Further,

structurally, the termination of the spinotha-
lamic tract is fine, resembling reticular axons
in the continued richness of their collateraliza-
tion.*® Randt ¢t al*® reported that systems
constituted of thin axons are more susceptible
to anesthetics than those with thick axons.
Monitoring single-unit activity in the VPL,
Mallart et al.2! found that only 11 units of 55
somatosensory neurons responded to stimula-
tion of the spinothalamic tract. This implies
that about 20 per cent of the evoked activity
in the VPL is composed of the spinothalamic
influx, and the remaining 80 per cent belongs
to the lemniscal influx. Supposing that 50 per
cent of the spinothalamic influx is blocked by
anesthetics with the lemniscal input left in-
tact, the evoked activity in the CM may be
reduced to 50 per cent of control, while that
of the VPL might be reduced by only half of
20 per cent, or 10 per cent of control. A re-
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duction of this amount might be buried in the
variance of the experimental data. This might
be the basis for reports that anesthetics had
little, if any, effect on EEG evoked responses
in the VPL.#* =3 The present study confirmed
the findings of Mallart et al., i.c, when 50 per
cent reduction in the evoked activity in the
CM was induced, only about 10 per cent re-
duction occurred in the VPL, and in the early
phase of 100 per cent reduction of the re-
sponse in the CM, the response in the VPL
was reduced by 20-30 per cent. Further deep-
ening of anesthesia reduced the VPL response
more, indicating that higher concentrations of
anesthetics depressed even the thick-axon com-
ponent of the lemniscus.

The results of the present study indicate that
anesthetic agents affect neuronal spontaneous
activity and reactive capability differently, and
further, that different anesthetics have differ-
ent effects on the spinothalamic and lemniscal
components.

The authors thank Professor S. Sakakibara for
king available lal v facilities.
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S| d by the Association for the Advance-
ment of \lcdlcal Instrumentnhon, a group of sci-
entists ing many di met in Bos-
ton in March 1970 to dxscuss the problems and
progress in prolonged support of life by mechani-
cal circulation and respiration. The contributions
of the partici are collected in this vol
under the headings of “Secondary Flows to Aug-
ment Gas Transfer in Membrane Lungs,” “New

bmnc" Lungs,” and Prolcnged Circulatory Assist-
ance.

Because of damage to blood, disc and bubble
oxy are dismissed, and i is 1
around silicone membranes.  Methods for im-
proved diffusion of oxygen into the artificial blood
stream by induced secondary currents are pre-
sented. Some of the technical problems in fabri-
cation of silicone membranes are discussed. The
feasibility and advantages of utilizing mistures of
blood and biologically inert liquids having high

(Continued on page 570)

20z Iudy 61 uo 3sanb Aq ypd°20000-000902.6 L-Z¥S0000/19.262/055/9/9€/4pd-01o11e/AB0|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



